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Abstract

Introduction: Tyrosine kinase inhibitors (TKlIs) have been
used in patients with advanced medullary thyroid carcinoma
(MTQ); however, data on their effectiveness and safety are
limited. The aim of this systematic review and meta-analysis
was to document clinical response and toxicities of TKls in
advanced MTC. Methods: We systematically searched major
databases for articles or abstracts on TKl use in MTC patients
until May 2018. Objective response (OR), defined as the sum
of complete + partial response, expressed as percentage,
was our primary endpoint, while disease stability, disease

progression (DP), median progression-free survival (PFS),
and drug discontinuation rate due to adverse events (AEs)
were secondary endpoints. Pooled percentages, PFS time,
and 95% Cls were reported. Results: Thirty-three publica-
tions were finally included in the analysis: 1 phase IV, 2 phase
[l trials evaluating vandetanib and cabozantinib, respective-
ly, 20 phase | or Il studies, and the remaining 10 studies of
retrospective-observational nature. OR was documented in
28.6% (95% Cl 25.9-31.9) of patients. Stable disease was re-
corded in 46.2% (95% Cl 43.3-49.1). Overall, DP was ob-
served in 22.9% (95% Cl 20.4-27.6). Grade 3 or more AEs oc-
curred in 48.5% (95% Cl 45.5-51.5) of patients, and drug dis-
continuation was reported in 44.7% (95% Cl 41.7-47.6). In
general, use of TKls conferred a PFS of 23.3 months (95% Cl
21.07-25.5). In particular, vandetanib induced an OR in
33.8% (95% Cl 29.6-38.0) of patients and cabozantinib in
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27.7% (95% Cl 22.05-33.4). DP occurred in 23.7% (95% Cl
19.9-27.6) with vandetanib use and in 22.6% (95% CI| 17.4-
27.9) in cabozantinib-treated patients. Sorafenib, the third
most frequently studied drug, showed intermediate efficacy,
but higher discontinuation rates. Conclusion: Treatment
with TKls in MTC patients with progressive disease is associ-
ated with a moderate therapeutic benefit, with achievement
of either disease stability or partial response in 73%. The tox-
icity of these drugs is not negligible, but it is, nonetheless,

manageable. © 2020 European Thyroid Association

Published by S. Karger AG, Basel

Introduction

Medullary thyroid cancer (MTC) is a malignant tumor
arising from the thyroid parafollicular C cells. It is con-
sidered a rare neoplasm since it accounts for just 1-2% of
all thyroid cancers [1, 2]. Prognosis depends on disease
extent at diagnosis. While curative surgery confers a 10-
year survival of 96% in localized disease, in the presence
of advanced MTGC, regional unresectable disease, or dis-
tant metastases, survival is significantly reduced [2, 3]. In
patients with distant metastases, median overall survival
does not exceed 3 years [3]. Consequently, for those cases
not cured by surgery, there is a need for further effective
treatment.

The disease is sporadic in 70-80% of cases and hered-
itary in 20-30% [2, 4]. RET (rearranged during transfec-
tion) proto-oncogene mutations play a key role in the
pathogenesis of the disease. RET encodes a single-pass
transmembrane protein receptor that belongs to receptor
tyrosine kinase family. Activating germline mutations are
present in almost all cases of hereditary MTC, whereas
somatic mutations of RET are found in about 50% of spo-
radic cases [1, 5, 6].

The understanding of molecular mechanisms that are
involved in the pathogenesis of MTC resulted in remark-
able progress in the development of therapeutic strategies
[7]. Specific mutations are linked to more aggressive dis-
ease, as is the case with codon M918T mutation that af-
fects the tyrosine kinase domain of the receptor and
causes constitutive receptor activation. When the M918T
mutation is in the germline in the context of MEN2B syn-
drome, it is linked to very early MTC occurrence and ag-
gressive, metastatic behavior. Similar behavior is ob-
served in sporadic MTC with somatic M918T mutation.

The intracellular signaling pathways triggered by RET
activation include the RAS-RAF-MEK-ERK and the
PI3K-AKT-mTOR. Canonical VEGEFR signaling follows
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the same intracellular signaling pathways and plays a cen-
tral role in the effectiveness of targeted therapies, as well
as in the associated side effects [3, 7].

Tyrosine kinase inhibitors (TKIs) are small molecules
that target intracellular signaling pathways at different
sites and, to date, they are the mainstay treatment for ad-
vanced MTC. Cabozantinib and vandetanib inhibit mul-
tiple kinases including RET and VEGFR. Among others,
signaling pathways initiated by both RET and VEGFR are
important for MTC development and progression [3, 7].
Although promising, these drugs show only a modest ef-
fect on advanced thyroid cancer, while they exhibit sig-
nificant toxicity [8]. A recent meta-analysis has shown a
clinical benefit associated with vandetanib and to a lesser
degree with cabozantinib [8]. Since that publication, nu-
merous further studies have been published including the
results from a phase III trial [9].

The aim of the present study was to further clarify the
role of TKIs in advanced MTC by estimating the effec-
tiveness expressed by different indices of tumor response
and by addressing the limitations of TKI use related to the
toxicity of the different TKIs studied so far. To this end,
we performed a meta-analysis of all available studies re-
porting data on efficacy and safety of TKI use in advanced
MTC.

Materials and Methods

Search Strategy

The present study was conducted according to Preferred Re-
porting Items for Systematic Reviews and Meta-Analyses (PRIS-
MA) guidelines. The research question was dual. First, whether
and to what degree, TKI use in advanced MTC results in tumor
response by RECIST (Response Evaluation Criteria in Solid Tu-
mors) criteria [10]. Second, what is the drug discontinuation rate
due to treatment-related toxicities. Both questions were examined
for TKIs as a drug class and then, specifically for each compound
tested so far. The review protocol was registered in the interna-
tional prospective register of systematic reviews (PROSPERO)
with reg. No. CRD42018083924.

A computerized literature search in MEDLINE, EMBASE, and
Scopus covering the period until May 2018 was performed. The
citation lists of all relevant publications and review articles were
hand-searched. No language limitations were applied.

The keywords used for the disease “(medullary thyroid cancer
OR medullary thyroid carcinoma)” were entered as free-text terms,
in an attempt to maximize the sensitivity of the search strategy and
indeed they rendered the largest amount of results.

For the intervention part, generic names of TKIs known to have
been used for MTC along with the general term in various combi-
nations were used. In addition, a wide search for relative com-
pounds ever tried on MTC was performed in “ClinicalTrials.gov”
database, and another 6 compounds emerged, one of which with 3
different names. In detail, the intervention part was formed as fol-
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| 497 records identified |

:I 111 preclinical

| 386 records screened |

11 full-text articles excluded, with reasons:
« 3 case reports

49 full-text articles
assessed for eligibility

« 4 report on <5 pts
« 1 surgical outcomes
« 1 mixed cancer population

Y

« 1 study of TKI effect on QTc prolongation
« 1 subanalysis of the phase Il trial

38 eligible
6 more studies excluded
* 3 pts represented in other studies [
« 1 report in <5 pts h
« 1 was a study of PK/PD models
« 1 preliminary with no data

+1 trial not published but with full results
in clinicaltrials.gov (NCT 01496313)

Y

33 (3 studies including 2 cohorts on different TKI) studies
(36 cohorts) were included in the meta-analysis

Fig. 1. Flow diagram of study selection.

lows: (“tyrosine kinase inhibitors” OR” tyrosine kinase inhibitor”
OR tki OR tkis OR “Multikinase inhibitors” OR “Multikinase in-
hibitor” OR “Protein Kinase Inhibitors” OR afatinib OR alectinib
OR axitinib OR bosutinib OR cabozantinib OR crizotinib OR da-
satinib OR erlotinib OR imatinib OR ibrutinib OR lapatinib OR
midostaurin OR neratinib OR nilotinib OR pacritinib OR pazo-
panib OR ponatinib OR regorafenib OR sorafenib OR sunitinib
OR vandetanib OR ziv-aflibercept OR gefitinib OR motesanib OR
XL184 OR avastin OR bevacizumab OR alvocidib OR orantinib
OR selumetinib OR semaxinib OR vatalanib OR AP24534 OR an-
lotinib OR nintedanib OR larotrectinib OR bortezomib OR sulfa-
tinib OR tipifarnib OR LOXO-101 OR LOX0-292).

Selection of Studies

Studies were included in the meta-analysis if they presented
extractable results on tumor response to TKIs, or on adverse events
(AEs) of TKI therapy in MTC. Reports of individual cases or series
of <5 patients were excluded.

Data Extraction

Data extraction was performed independently by 4 groups of 2
reviewers each. The following data were recorded from each of the
eligible studies: demographic data (citation data, country, study
period, study drug, number of patients, age, sex, and duration of
treatment), drug use data (initial dose, dose reduction or interrup-
tion, drug discontinuation, and reason for discontinuation), drug
efficacy (complete, partial, objective response, stable disease, and
disease progression), and finally, data on drug toxicity (AEs of any
grade and grade >3).

Parameters of tumor response that were extracted from each
study according to the revised RECIST system [10] were the fol-
lowing: complete response (CR) — complete regression of lesions,
partial response (PR) — a decrease of at least 30% of the sum of the
longest diameter of target lesions, stable disease (SD) - any re-
sponse between a 30% decrease and a 20% increase in size of target
lesions, progressive disease (PD) - an increase of at least 20%, and
objective response (OR = PR + CR).

TKIs in Medullary Thyroid Cancer

Any disagreement between reviewers responsible for data ex-
traction was resolved by discussion. For studies with missing data
or data presented in conjunction with other types of differentiated
thyroid cancer, we proceeded to communication with the authors
requiring online supplementary data when available.

Outcomes

The primary endpoint was OR rate; disease stability, median
progression-free survival (PFS), drug discontinuation due to AEs,
and grade >3 AEs (G3AEs) were secondary endpoints. Patients
with drug interruption or dose reduction due to AEs were not in-
cluded in the drug discontinuation outcome. Recorded AEs in-
cluded cases with hand-foot syndrome, diarrhea, nausea/vomit-
ing, arterial hypertension, fatigue/asthenia, abnormal liver tests,
mucositis, rash, anorexia, abdominal pain, constipation, weight
loss, hematological disorders, cardiac disorders, renal disorders,
cough/dyspnea, dysphonia, headache, peripheral edema, arthral-
gia/myalgia, musculoskeletal pain, and increased thyroid stimulat-
ing hormone levels.

Quantitative Data Synthesis

Pooled percentages were calculated using meta-analysis of bi-
nomial data. Direct comparisons between specific drugs were not
feasible and drug-specific effect estimates are provided descrip-
tively. Data are presented as percentages with 95% Cls. PFS periods
are presented as months with 95% Cls in parentheses.

Heterogeneity across studies was assessed using Cochran’s Q
x* test and I statistic. A p value <0.05 or I? >50% was considered
as significant heterogeneity. Since substantial heterogeneity was
observed, we used random-effects models to summarize pooled
data. The DerSimonian and Laird method was used for the estima-
tion of summarized effect size in each subanalysis.

STATA for Windows version 15 (Stata Corp, TX, USA, 2017)
was used for statistical processing.
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Table 1. Study characteristics by drug received

Drug Cohorts, n Type of study Patients
Axitinib 3 1 retrospective, 2 phase II 17
Cabozantinib 2 1 phase III, 1 phase I 367
Dovitinib 1 1 phase IT 12
Imatinib 3 1 phase II, 2 open label 30
Lenvatinib 1 1 phase IT 59
Motesanib 1 1 phase II in 3 papers 91
Pazopanib 1 1 phase I 35
Sorafenib 8 2 phase II, 4 retrospective, 1 observational, 1 off label 99
Sunitinib 2 2 phase I 33
Vandetanib 12 1 phase II, 1 phase II, 2 phase I-1II, 1 open 498
label, 5 retrospective, 2 phase IV
Sorafenib OR sunitinib 1 1 retrospective 7
Sorafenib + tipifarnib 1 1 phase I 13
36 cohorts in 33 studies 2 phase III, 12 phase II, 1 phase I-II, 2 phase 1,274

I, 3 open label, 1 off label, 9 retrospective, 1 observational

Results

Characteristics of Eligible Studies

A total of 497 studies were identified using the afore-
mentioned search strategy. Refining the search in studies
conducted in humans returned 386 clinical studies
(Fig. 1).

Thirty-three publications met the inclusion criteria for
analysis [9, 11-42]: 1 phase IV, 2 phase III trials evaluat-
ing vandetanib and cabozantinib respectively, 20 phase I
or II studies, and the remaining 10 studies of retrospec-
tive-observational nature. Vandetanib is represented
with 12 studies including 498 individuals, whereas cabo-
zantinib with 2 studies including 367 individuals, most
likely because the former was the first to be approved for
use in MTC. In total, data of 1,274 patients were evalu-
ated, 81 in phase IV trials, 561 in phase III trials, 441 in
phase I-1II trials, and 191 in retrospective studies (Table
1; online suppl. Table 1; for all online suppl. material, see
www.karger.com/doi/10.1159/000509457).  Significant
heterogeneity was detected in all effect estimates. Among
the 36 cohorts studied in the 33 studies, 20 cohorts in-
cluded patients with locally advanced or metastatic dis-
ease, 13 included patients with PD and, in 3 cohorts de-
scribed in 2 studies, patients were recruited for PD and/
or symptoms. Data on the proportion of sporadic versus
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familial MTC were not reported in all studies (online sup-
pl. Table 1). In total, 164 cases were documented as famil-
ial MTC.

Quality Assessment of Eligible Studies
The methodological quality assessment is presented in
online supplementary Table 1.

Overall Effects

Opverall, 29 studies provided data on objective response
(OR = CR and PR). OR was documented in 28.6% (95%
CI 25.9-31.9; Cochran’s Q = 259.9, x* [df 28], p < 0.001,
I? = 89.2%) of the patients (test for overall effect z=21.05,
P <0.001). Regarding drugs with phase III and IV studies,
OR was observed in 27.7% (95% CI 22.05-33.4) with
cabozantinib and in 33.8% (95% CI 29.6-38.0) with van-
detanib use (Fig. 2). Apart from these 2 molecules,
sorafenib appeared to be the next more extensively tested,
in 8 trials (2 phase II, 4 retrospective, one observational
and one off label), on a total of 99 patients, with an OR of
27.5% (95% CI 17.8-37.2). Control group data were avail-

Fig. 2. Data on objective response (OR) were provided by 29 stud-
ies. OR with TKIs in MTC was documented in 28.6% (95% CI
25.9-31.9; Cochran’s Q = 259.9, x? [df 28], p < 0.001, I? = 89.2%;
test for overall effect z = 21.05, p < 0.001).

(For figure see next page.)
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Author (year)

ES (95% CI)

Weight, %

axitinib

Capdevila, 2017

Cohen, 2008

Subtotal (/2 = 0.0%, p = 0.782)

cabozantinib

Elisei, 2012

Kurzrock, 2011

Subtotal (/2 = 0.0%, p = 0.921)

dovitinib
Lim, 2015
Subtotal (2= .%,p =)

lenvatinib
Schlumberger, 2015
Subtotal (2= %, p =)

motesanib
Schlumberger, 2009
Subtotal (2= %, p = .

pazopanib
Bible, 2014
Subtotal (2= %, p = .

sorafenib

Ito, 2017

Benekli, 2015

Frank-Raue, 2010

Lam, 2010

Capdevila, 2012

Ahmed, 2011

Subtotal (/2 = 52.4%, p = 0.062)

sorafenib, sunitinib
Massicotte (subgroup1), 2014
Subtotal (2= %, p =)

sorefenib+tipifarnib
Hong, 2011
Subtotal (2= %, p =)

sunitinib

Ravaud, 2017

Carr L, 2010

Subtotal (12 = 64.0%, p = 0.096)

vandetanib

Werner, 2015

Tiedje, 2016

Uchino, 2017

Chougnet, 2015

Massicotte (subgroup?2), 2014
NCT01496313 (subgroup 1), 2017
NCT01496313 (subgroup 2), 2017
Kraft, 2018

Robinson, 2010

Wells, 2010

Wells, 2012

Subtotal (/2 = 74.3%, p = 0.000)

Overall (12 = 89.2%, p = 0.000)

-0 -

0t

< e

oo b A

23.08 (5.03, 53.81)
18.18 (2.28, 51.77)
20.83 (3.42, 38.24)

27.85 (22.02, 34.29)
27.03 (13.79, 44.11)
27.73 (22.05, 33.42)

16.67 (2.08, 48.41)
16.67 (-6.50, 39.83)

35.59 (23.55, 49.13)
35.59 (22.80, 48.38)

2.20 (0.26, 7.71)
2.20 (-1.53,5.92)

14.29 (4.80, 30.25)
14.29 (1.56, 27.01)

25.00 (3.18, 65.08)
25.00 (7.26, 52.37)
60.00 (14.66, 94.72)
9.52 (1.17, 30.37)
46.67 (21.26, 73.41)
26.67 (7.78, 55.10)
27.50 (17.78, 37.22)

14.29 (0.36, 57.87)
14.29 (-14.47, 43.04)

38.46 (13.85, 68.42)
38.46 (11.18, 65.75)

38.46 (20.22, 59.42)
71.43 (29.04, 96.33)
45.45 (28.44, 62.47)

9.52 (1.17, 30.37)

50.00 (18.70, 81.29
35.71 (12.75, 64.86
21.67 (12.07, 34.19
36.36 (10.92, 69.20
20.00 (9.05, 35.64)
29.27 (16.12, 45.53)
29.41 (10.31, 55.95)
15.79 (3.38, 39.57)

20.00 (7.71, 38.56)

45.02 (38.49, 51.68)
33.81(29.60, 38.01)

28.62 (25.96, 31.29)

1.18
1.00
217

19.84
335
23.19

1.09
1.09

5.34
5.34

8.24
8.24

3.17
3.17

0.72
145
0.45
1.90
136
1.36
7.25

0.63
0.63

LI —
0 25 50 75 1

00
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Author (year) ES (95% Cl) Weight, %

axitinib |

Capdevila, 2017 —— 38.46 (13.85, 68.42) 1.13

Locati, 2014 ———@— 83.33(35.87,99.57) 0.52

Cohen, 2008 —— 27.27 (6.02, 60.97) 0.96

Subtotal (2 = 73.3%, p = 0.024) <> 43.33 (26.54, 60.12) 2.61

cabozantinib

Elisei, 2012 - 45.66 (38.93, 52.50) 19.04

Kurzrock, 2011 —— 40.54 (24.75, 57.90) 322

Subtotal (2 = 0.0%, p = 0.575) <;> 44.92 (38.64, 51.20) 22.26

dovitinib :

Lim, 2015 — 58.33 (27.66, 84.83) 1.04

Subtotal (2 = %, p = .) <‘,:> 58.33 (29.75, 86.92) 1.04
|

imatinib |

Frank-Raue, 2007 R ] 11.11 (0.03, 48.24) 0.78

Gross, 2006 — 33.33(4.32,77.72) 0.52

de Groot, 2007 —— 26.67 (7.78, 55.10) 1.30

Subtotal (2 = 0.0%, p = 0.509) < : 23.33 (7.65, 39.02) 2.61

lenvatinib :

Schlumberzger, 2015 —— 44.07 (31.15, 57.59) 5.13

Subtotal (2= .%,p =) <> 44.07 (30.85, 57.29) 513
|

motesanib :

Schlumberger, 2009 —— 48.35 (37.74, 59.07) 791

Subtotal (2= .%,p =) <> 48.35 (37.69, 59.02) 791

pazopanib !

Bible, 2014 —— 57.14 (39.35, 73.67) 3.04

Subtotal (2 =%, p = .) R 57.14 (39.98, 74.30) 3.04
|

sorafenib |

Castroneves, 2016 ‘—0— 76.92 (46.18, 94.96) 1.13

Ito, 2017 —— 50.00 (15.70, 84.29) 0.70

Benekli, 2015 —0—: 25.00 (7.26, 52.37) 1.39

Frank-Raue, 2010 —— 40.00 (5.27, 85.33) 043

Lam, 2010 —— 42.86 (21.81, 65.97) 1.83

Capdevila, 2012 —— 40.00 (16.33, 67.71) 1.30

Ahmed, 2011 —— 66.67 (38.38, 88.17) 1.30

Subtotal (/2 = 51.2%, p = 0.056) <|> 48.39 (38.48, 58.29) 8.09

sorafenib, sunitinib :

Massicotte (subgroup1), 2014 ——— 7143 (29.04, 96.33) 0.61

Subtotal (2 = %, p = .) <—__—= 71.43(37.78, 105.07) 0.61
|

sorefenib+tipifarnib |

Hong, 2011 ——— 30.77 (9.09, 61.42) 1.13

Subtotal (2 =.%,p =) <>| 30.77 (4.60, 56.93) 1.13

sunitinib !

Ravaud, 2017 — 50.00 (29.92, 70.07) 2.26

Subtotal (2 =%, p = .) = 50.00 (29.93, 70.07) 2.26
|

vandetanib |

Werner, 2015 - 61.90 (38.43, 81.89) 1.83

Tiedje, 2016 — 30.00 (6.67, 65.24) 0.87

Uchino, 2017 —:0— 57.14 (28.86, 82.33) 1.22

Chrisoulidou( subgroup 2), 2015 —&—— 25.00 (0.06, 80.58) 0.35

Chougnet, 2015 —— 55.00 (41.61, 67.87) 522

Massicotte (subgroup?2), 2014 —— 54.55 (23.37, 83.25) 0.96

NCT01496313 (subgroup 1), 2017 —— 52.50 (36.12, 68.48) 3.48

NCT01496313 (subgroup 2), 2017 —— 56.10 (39.74, 71.53) 3.57

Kraft, 2018 S 11.76 (1.45, 36.44) 148

Robinson, 2010 —— 52.63 (28.86, 75.55) 1.65

Wells, 2010 —— 53.33 (34.32, 71.65) 2.61

Wells, 2012 - 41.99 (35.54, 48.64) 20.09

Subtotal (/2 = 58.6%, p = 0.005) O 46.79 (42.33,51.24) 43.30
1

Overall (/2 = 48.5%, p = 0.001) 46.26 (43.34, 49.18) 100.00

¢
i
Il

LI B m—
0 25 50 75 100

(For legend see next page.)
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able only by the 2 RCTs of vandetanib and cabozantinib.
OR was documented in 13% (95% CI 5.95-20.05) of con-
trol group patients (test for overall effect z = 3.61, p <
0.001; online suppl. Fig. 1).

Data on SD were provided by 34 studies. SD was re-
ported in 46.2% (95% CI 43.3-49.1; Q = 64.8, x* (df 33),
P <0.001, I? = 48.5%) of patients (z = 31.02, p < 0.001). In
patients treated with cabozantinib, SD was reported in
44.9% (95% CI 38.6-51.2), while for vandetanib SD was
reported in 46.7% of patients (95% CI 42.3-51.2; Fig. 3).
As for sorafenib, SD was achieved in 48.4% (95% CI 38.5—
58.3; Fig. 3). SD was also reported in 52.1% of control pa-
tients (95% CI 45.03-59.2; Q = 52.1, * [df 1], I = 57.6%,
p = 0.124; test for overall effect z = 2.36, p < 0.001; online
suppl. Fig. 2).

Twenty-seven studies reported data on overall disease
progression (DP), which was documented in 22.9% (95%
CI20.4-27.6; Q = 173.7, x> (df 26), p < 0.001, I = 85%) of
patients (z = 17.8, p < 0.001). Overall DP was recorded in
22.67% (95% CI 17.4-27.9) of patients who received
cabozantinib and in 23.78% (95% CI 19.9-27.6) of vande-
tanib-treated patients (Fig. 4). DP was recorded in 19.2%
(95% CI 10.4-28.0) of sorafenib-treated patients. In con-
trast, DP in MTC control patients was documented in
47.87% (95% CI 40.9-54.8; Q = 0.7, x* [(df 1], I* = 0%,
p=0.4;z=13.4, p <0.001; online suppl. Fig. 3).

Data regarding drug discontinuation due to toxicity or
DP were found in 26 studies. Overall, 44.7% (95% CI
41.7-47.6; Q = 315.1, x* [df 25], I> = 92.1%) of patients
discontinued the drug (z = 29.6, p < 0.001). In the cabo-
zantinib group, that proportion was 54.8% (95% CI 47.9-
61.6), while in the vandetanib group, it was 39.7% (95%
CI 35.3-44.1) and in the sorafenib group, 32.3 (95% CI
24.3-40.4; Fig. 5). Even more, 78.6% of MTC control pa-
tients discontinued the drug (95% CI 72.9-84.3; Q = 6.43,
X* (df 1), I = 84.4%, p = 0.011; z = 26.9, p < 0.001; online
suppl. Fig. 4).

Usable data on G3AEs were collected from 26 studies.
G3AEs were reported in 48.5% (95% CI 45.5-51.5; Q =
139.7, x? (df 25), p < 0.001, I? = 82.1%) of patients (z =
31.9, p < 0.001). That proportion was 66.7% (95% CI
60.7-72.7) for cabozantinib, while in the vandetanib
group it was 39.6% (95% CI 35.0-44.2; Fig. 6). Interest-
ingly, G3 AEs were reported in 23.7% of MTC control
patients (95% CI 17.8-29.5; Q = 10.4, x* (df 1), p = 0.001,

Fig. 3. Stable disease (SD) data were provided by 34 studies. SD
with TKIs in MTC was reported in 46.2% of patients (95% CI 43.3—
49.1; Q = 64.08, ¥? [df 33], p < 0.001, I? = 48.5%; test for overall ef-
fect z=31.02, p < 0.001).
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I?=90.4%; z = 7.9, p < 0.001; online suppl. Fig. 5). There
is no obvious explanation for this finding. One specula-
tion is that the adverse effects are due to the tumor itself
or alternatively to other medications probably adminis-
tered to these patients (not reported).

PFS data were evident in 16 studies. Overall, PFS was
23.3 months (95% CI 21.7-25.5; Q = 816.1, X2 [df 15],p <
0.001, > =98.2%; z = 20.5, p < 0.001). PES in vandetanib-
treated patients was 33.3 months (95% CI 28.4-38.1),
while for the cabozantinib group, it was 11.2 months
(95% CI 8.3-14.5; Fig. 7). For sorafenib, PFS was 12.4
months (95% CI 8.4-16.4), while PES in MTC control pa-
tients was 11.2 months (95% CI 9.2-13.2; Q = 60.3, x* [df
1], p <0.001, ?=983%;z= 11.05, p < 0.001; online sup-
pl. Fig. 6).

Sensitivity Analysis

Furthermore, we performed sensitivity analyses ex-
cluding those studies with <10 patients in order to evalu-
ate whether the observed findings would be different
from the initial analysis. Interestingly, there were mini-
mal changes in each overall effect size, which remained
practically unchanged (online suppl. Fig. 7-12).

Separate analyses in the 2 subpopulations of sporadic
and familial MTC were not feasible, because of the pau-
city of information reported in most studies and the sub-
sequent lack of statistical power.

Discussion

In this meta-analysis, we explored the effects of all
TKIs that have been used in the treatment of advanced
MTC. In general, evidence of OR was observed in about
one-fourth (28.6%) of the patients. Of note, CR has not
been documented in any patient with advanced MTC.
Disease stability was achieved in 46.2% of treated pa-
tients. The 2 TKIs that are currently licensed for advanced
MTC, vandetanib and cabozantinib, were both found to
have notable PR rates of 33.8 and 27.7%, respectively,
even though the latter was studied in patients at a more
advanced disease stage.

However, TKIs are associated with considerable toxic-
ity with AEs of grade 3 or higher occurring in approxi-
mately half of the treated patients, leading to drug discon-
tinuation. The incidence of G3AEs in vandetanib and
cabozantinib-treated patients was 39.6 and 66.7%, re-
spectively. Accordingly, drug discontinuation due to ei-
ther toxicity or DP was recorded in 39.7% of vandetanib-
and in 54.8% of cabozantinib-treated subjects.
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Author (year) ES (95% Cl) Weight, %
axitinib |
Capdevila, 2017 —— 30.77 (9.09, 61.42) 1.23
Subtotal (2 = %, p =) <":> 30.77 (4.60, 56.93) 1.23
cabozantinib
Elisei, 2012 - 26.03 (20.34, 32.36) 20.64
Kurzrock, 2011 >~ 2.70 (0.06, 14.16) 349
Subtotal (/2 = 96.9%, p = 0.000) Q 22.66 (17.41, 27.90) 2413
|
dovitinib |
Lim, 2015 -t 8.33 (0.20, 38.47) 1.13
Subtotal (2 = .%, p = .) <:>I 8.33 (-10.80, 27.47) 1.13
imatinib :
Frank-Raue, 2007 —— 44.44 (13.69, 78.79) 0.85
Gross, 2006 ——®—— 66.67 (22.27,95.67) 0.57
de Groot, 2007 e 46.67 (21.26, 73.41) 141
Subtotal (2 = 0.0%, p = 0.617) : = 50.00 (32.13, 67.87) 2.83
|
lenvatinib !
Schlumberger, 2015 -— 11.86 (4.90, 22.92) 5.56
Subtotal (2 =.%,p =) <>I 11.86 (2.85, 20.87) 5.56
motesanib !
Schlumberger, 2009 - 7.69 (3.14, 15.20) 8.58
Subtotal (2= .%,p =) 0 | 7.69 (1.66, 13.72) 8.58
pazopanib :
Bible, 2014 e 60.00 (42.11, 76.12) 3.30
Subtotal (2= .%,p =) : <> 60.00 (42.99, 77.01) 3.30
sorafenib :
Castroneves, 2016 —— 15.38 (1.92, 45.44) 1.23
Chrisoulidou (subgroup 1), 2015 ———®—— 66.67 (22.27, 95.67) 0.57
Ito, 2017 F+— 12.50 (0.31, 52.65) 0.75
Lam, 2010 —— 28.57 (11.28, 52.17) 1.98
Capdevila, 2012 -0—; 6.67 (0.16, 31.94) 1.41
Ahmed, 2011 - 6.67 (0.16, 31.94) 1.41
Subtotal (/2 = 59.7%, p = 0.030) <> 19.23 (10.44, 28.02) 735
|
sorafenib, sunitinib :
Massicotte (subgroup1), 2014 e 14.29 (0.36, 57.87) 0.66
Subtotal (2 =%, p = .) - = 14.29 (-14.47, 43.04) 0.66
|
vandetanib !
Werner, 2015 —— 28.57 (11.28, 52.17) 1.98
Tiedje, 2016 —— 20.00 (2.52, 55.60) 0.94
Chougnet, 2015 - 11.67 (4.82, 22.57) 5.66
Massicotte (subgroup?2), 2014 |-0—'— 9.09 (0.22, 41.27) 1.04
NCT01496313 (subgroup 1), 2017 —— 22.50 (10.83, 38.45) 3.77
NCT01496313 (subgroup 2), 2017 > \ 4.88 (0.59, 16.53) 3.86
Kraft, 2018 | , — 58.82 (32.92, 81.55) 1.60
Robinson, 2010 —— 15.79 (3.38, 39.57) 1.79
Wells, 2010 >~ 3.33 (0.08, 17.21) 2.83
Wells, 2012 - 31.60 (25.66, 38.02) 21.77
Subtotal (/2 = 86.7%, p = 0.000) O 23.75 (19.91, 27.59) 45.24
Overall (12 = 85.0%, p = 0.000) 22.90 (20.39, 25.41) 100.00

|
¢
|
I|

0 25 50 75 100

Fig. 4. Twenty-seven studies reported data on overall disease progression (DP). DP with TKIs in MTC was doc-
umented in 22.9% of patients (95% CI 20.4-27.6; Q = 173.7, x* [df 26], p < 0.001, I* = 85%; z = 17.8, p < 0.001).
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Author (year) ES (95% Cl) Weight, %

axitinib :

Locati, 2014 | — 100.00 (54.07, 100.00) 0.60

Subtotal (2= %, p =) | <> 100.00 (77.04, 122.96) 0.60
1

cabozantinib

Elisei, 2012 hd 54.79 (47.94, 61.58) 21.75

Subtotal (2= %, p =) O 54.79 (47.97, 61.61) 21.75
|

dovitinib |

Lim, 2015 S 25.00 (5.48, 57.18) 1.19

Subtotal (2= .%,p =) <>: 25.00 (-0.85, 50.85) 1.19
|

imatinib |

Frank-Raue, 2007 ——— 22.22 (2.81, 60.00) 0.89

Gross, 2006 —0—: 16.67 (0.42, 64.12) 0.60

de Groot, 2007 - 66.67 (38.38, 88.17) 1.49

Subtotal (/2 = 75.5%, p = 0.017) <> 43.33 (26.93, 59.74) 2.98
|

lenvatinib !

Schlumberger, 2015 —-— : 23.73 (13.62, 36.59) 5.86

Subtotal (2= %, p =) <> | 23.73 (12.24, 35.21) 5.86
|

motesanib

Schlumberger, 2009 - 59.34 (48.53, 69.52) 9.04

Subtotal (2= %, p =) |<> 59.34 (48.85, 69.84) 9.04
|

pazopanib |

Bible, 2014 I — 77.14 (59.86, 89.57) 348

Subtotal (2 = %, p = ) : < 77.14 (62.29, 92.00) 348
|

sorafenib |

Castroneves, 2016 —— 15.38 (1.92, 45.44) 1.29

Chrisoulidou (subgroup 1), 2015 I— 100.00 (54.07, 100.00) 0.60

Ito, 2017 —0:— 25.00 (3.18, 65.08) 0.79

Benekli, 2015 > 6.25 (0.15, 30.23) 1.59

Frank-Raue, 2010 —— 40.00 (5.27, 85.33) 0.50

Lam, 2010 —— 66.67 (43.03, 85.41) 2.09

Capdevila, 2012 — : 6.67 (0.16, 31.94) 1.49

Ahmed, 2011 —O—I 26.67 (7.78, 55.10) 1.49

Subtotal (2 = 89.7%, p = 0.000) < 32.32 (24.25, 40.40) 9.83
|

vandetanib :

Uchino, 2017 —— 42.86 (17.66, 71.13) 1.39

Chrisoulidou (subgroup 2), 2015 —e 100.00 (39.76, 100.00) 0.40

Chougnet, 2015 ——| 26.67 (16.07, 39.66) 5.96

NCT01496313 (subgroup 1), 2017 >~ ! 5.00 (0.61, 16.91) 3.97

NCT01496313 (subgroup 2), 2017 — I 12.20 (4.08, 26.20) 4.07

Kraft, 2018 —— 41.18 (18.44, 67.07) 1.69

Robinson, 2010 —— 42.11 (20.25, 66.50) 1.89

Wells, 2010 —— 43.33 (25.46, 62.57) 2.98

Wells, 2012 <= 51.94 (45.29, 58.54) 22.94

Subtotal (/2 = 93.7%, p = 0.000) <> 39.69 (35.31, 44.07) 45.28
|

Overall (12 = 92.1%, p = 0.000) ¢ 44.69 (41.73, 47.64) 100.00
|

T L T T T

0 25 50 75 100

Fig. 5. Data regarding drug discontinuation due to toxicity or disease progression were found in 26 studies that
reported therapy with TKIs in MTC patients. Overall, 44.7% (95% CI 41.7-47.6; Q = 315.1, x* [df 25], p < 0.001,
I* = 92.1%) of patients discontinued the drug (z = 29.6, p < 0.001).
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Author (year) ES (95% Cl) Weight, %
axitinib |
Capdevila, 2017 — T 30.77 (9.09, 61.42) 1.24
Locati, 2014 ——®— 83.33(35.87, 99.57) 0.57
Subtotal (/2 = 84.5%, p = 0.011) <:> 47.37 (26.83, 67.90) 1.81
cabozantinib
Elisei, 2012 - 67.58 (60.94, 73.73) 20.84
Kurzrock, 2011 —— 61.60 (44.75, 77.54) 3.52
Subtotal (/2 = 0.0%, p = 0.505) : & 66.72 (60.75, 72.68) 24.36
dovitinib |
Lim, 2015 —— 41.67 (15.16, 72.33) 1.14
Subtotal (2= %, p =) <|> 41.67 (13.08, 70.25) 1.14
imatinib :
Gross, 2006 T 16.67 (0.42, 64.12) 0.57
de Groot, 2007 +—®—  73.33(44.89,92.21) 143
Subtotal (/2 = 87.5%, p = 0.005) <|> 57.14 (37.95, 76.34) 2.00
lenvatinib !
Schlumberger, 2015 — 55.93 (42.40, 68.84) 5.61
Subtotal (2 = %, p = ) I<> 55.93 (42.71, 69.15) 561
motesanib I
Schlumberger, 2009 —— 41.76 (31.50, 52.56) 8.66
Subtotal (2 = %, p =) <> 4176 (31.23, 52.29) 8.66
|
pazopanib :
Bible, 2014 —— 14.29 (4.80, 30.25) 333
Subtotal (2 = %, p = .) < 14.29 (1.56, 27.01) 333
|
sorafenib !
Castroneves, 2016 —0— 53.85 (25.13, 80.77) 1.24
Ito, 2017 —T—®— 75.00 (34.91, 96.81) 0.76
Benekli, 2015 —t— 37.50 (15.19, 64.56) 1.52
Frank-Raue, 2010 —+—%— 80.00 (28.35, 99.49) 0.48
Lam, 2010 +0— 61.90 (38.43, 81.89) 2.00
Capdevila, 2012 — 33.00 (11.82, 61.61) 143
Ahmed, 2011 — 53.33 (26.58, 78.73) 143
Subtotal (12 = 32.0%, p = 0.184) <l|/\> 52.63 (42.54, 62.72) 8.85
sorefenib+tipifarnib :
Hong, 2011 —T—®— 68.50(38.57,90.90) 1.24
Subtotal (2 = %, p =) < 6850 (42.33,94.67) 1.24
|
vandetanib '
Uchino, 2017 — 50.00 (23.03, 76.96) 1.33
Chougnet, 2015 —— 41.67 (29.06, 55.11) 5.71
NCT01496313 (subgroup 1), 2017 —— 20.00 (9.05, 35.64) 3.81
NCT01496313 (subgroup 2), 2017 —— ! 21.95 (10.56, 37.61) 3.90
Kraft, 2018 - : 17.65 (3.79, 43.43) 1.62
Robinson, 2010 - 36.84 (27.81, 77.01) 1.81
Wells, 2010 — 56.67 (37.42, 74.53) 2.85
Wells, 2012 - 44.59 (38.06, 51.24) 21.98
Subtotal (/2 = 72.8%, p = 0.001) ) 39.60 (35.01, 44.19) 43.01
|
Overall (12 = 82.1%, p = 0.000) ¢ 48.49 (45.52, 51.47) 100.00
|
T II T T

0

25 50 75 100

Fig. 6. Usable data on grade >3 adverse events (G3AEs) were collected from 26 studies. G3AEs were reported in
48.5% (95% CI 45.5-51.5; Q = 139.7, )(2 [df 25], p < 0.001, P =82.1%) of patients (z = 31.9, p < 0.001).
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Author (year) ES (95% Cl) Weight, %
T
axitinib |
Capdevila, 2017 * : 9.40 (4.80, 13.90) 1.65
Locati, 2014 * 16.10 (14.80, 21.20) 0.76
Subtotal (/2 = 88.5%, p = 0.003) 0 : 11.52 (8.24, 14.79) 2.41
|
cabozantinib
Elisei, 2012 * 11.20 (8.30, 14.50) 27.72
Subtotal (2= .%,p =) <> 11.20 (8.10, 14.30) 27.72
|
dovitinib :
Lim, 2015 ® 4.50 (2.30, 6.60) 1.52
Subtotal (2 = %, p = ) 0 | 450 (2.35, 6.65) 152
|
lenvatinib |
Schlumberger, 2015 > 9.00 (7.00, 22.00) 747
Subtotal (2 = %, p =) < 9.00 (1.50, 16.50) 7.47
I
motesanib :
Schlumberger, 2009 1 48.00 (43.00, 56.00) 11.52
Subtotal (2 = %, p =) Y 48.00 (41.50, 54.50) 1152
|
sorafenib I
Castroneves, 2016 * : 9.00 (4.00, 14.00) 1.65
Ito, 2017 ® 2.80 (0.70, 5.60) 1.01
Benekli, 2015 _‘4 14.50 (3.70, 25.20) 2.03
Lam, 2010 nal 17.90 (8.00, 28.20) 2.66
Capdevila, 2012 * | 10.50 (4.49, 16.51) 1.90
Subtotal (/2 = 93.6%, p = 0.000) <> : 12.39 (8.35, 16.44) 9.24
|
sorefenib+tipifarnib :
Hong, 2011 ’l_ 15.00 (14.60, 48.00) 1.65
Subtotal (2 = %, p = ) <> 15.00 (-1.70, 31.70) 165
l
sunitinib |
Ravaud, 2017 o 16.50 (8.50, 36.60) 3.29
Subtotal (2= %, p =) <:]‘> 16.50 (2.45, 30.55) 3.29
|
vandetanib :
Kraft, 2018 |~ T®—— 80.40 (27.60, 119.50) 2.15
Wells, 2010 - 27.90 (19.40, 38.40) 3.80
Wells, 2012 *> 30.50 (27.40, 36.60) 29.24
Subtotal (/2 = 70.0%, p = 0.036) <> 33.27 (28.42, 38.12) 35.19
I
Overall (12 = 98.2%, p = 0.000) ¢ 23.29 (21.07, 25.52) 100.00
I
!
T

0 30 60

Fig. 7. Progression-free survival (PFS) data were evident in 16 studies. Overall, PFS was 23.3 months (95% CI
21.07-25.5; Q = 816.1, X2 [df 15], p < 0.001, PP =98.2%;z= 20.5, p < 0.001).
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To the best of our knowledge, there are only 2 meta-
analyses that have reviewed the effects of TKIsin MTC [8,
43].

The first included 16 studies of different TKI mole-
cules [8]. In that meta-analysis, OR was estimated some-
what higher for vandetanib-treated (40%) and similar for
cabozantinib-treated (27%) patients. It should be noted
that the inclusion criteria had been more strict in that
analysis compared to ours, as it comprised only 3 studies
(280 patients) with vandetanib, 2 studies (256 patients)
with cabozantinib, whilst a recent phase III study [9] of
cabozantinib was not included in the analyses.

The second examined the efficacy of vandetanib on lo-
cally advanced MTC in 10 studies, including a study in
pediatric patients with multiple endocrine neoplasia 2B,
where the existence of specific genetic mutations might
represent a considerable modifier of the pharmacological
effect [43]. Furthermore, in the present meta-analysis, we
have included 3 more patient cohorts with an additional
input of 32 patients on vandetanib [29, 32, 42].

In more recent years, new publications have emerged,
reporting on “real life” use of these agents in progressive
MTC, that s, outside clinical trials, with longer follow-up,
which thus might shed more light in the clinical use of
these agents. Therefore, the present meta-analysis, fol-
lowing a more inclusive approach and thus resulting in
the addition of a much larger number of patients and a
broader set of TKIs might provide a more representative
estimate of the benefits and the adverse effects of TKIs in
MTC.

Data might suggest a better response rate and fewer
G3AEs with vandetanib than cabozantinib. However, this
observation should be interpreted with caution consider-
ing the differences in study design of the phase III studies
[9, 26]. In the cabozantinib trial, subjects were included
in the study after documented DP by RECIST criteria,
whereas in the vandetanib trial, subjects had a more in-
dolent disease as indicated by better survival rates in the
control group compared to cabozantinib study (19.3 vs. 4
months). Of note, despite the previous observation, PD
rates were comparable or slightly higher in vandetanib-
treated (23.7%) than in cabozantinib-treated (22.6%) pa-
tients. Performance of sorafenib appeared to lie between
that of the aforementioned molecules. Again, caution
should be exercised with this drug, due to the lack of con-
trolled trials.

Interestingly, a follow-up analysis of the cabozantinib
phase III study, showed a non-significant increase of 5.5
months in overall survival (26.6 in cabozantinib- vs. 21.1
in placebo-treated patients) [44]. It is, however, impor-
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tant to note that neither of the phase III trials were pow-
ered to measure overall survival. With MTC being a rare
disease, accruing a trial to study overall survival is not
feasible given the number of patients and time needed for
statistical power. Still, in exploratory analyses, the overall
survival was statistically longer in patients carrying the
RET M918T mutation (44.3 months in cabozantinib vs.
18.9 months in placebo). This observation is important
since future research should focus on identifying and val-
idating prognostic biomarkers of response to treatment.
Furthermore, a new important study suggests that young-
er age and recruitment for symptoms are indicators of an
even more prolonged response, exceeding 48 months
[45]. Nevertheless, the exact place of TKIs in the treat-
ment of MTC remains unclear. The findings of this meta-
analysis suggest that these drugs might be useful for con-
trolling the disease by halting its progression. However,
the positive effects should be counterbalanced with the
significant toxicity in a shared patient-physician deci-
sion-making, particularly since to date no drug has a
proven effect on the overall survival of these patients [46].
It is important to stress that all these studies of TKIs have
provided us with abundant experience for better manage-
ment of side effects aiming at improved quality of life; it
is likely that this initial experience with the use of these
drugs and their side effects will help us acknowledge their
potential and improve the management of progressive
MTC, by recognizing possible predictive factors of better
response. In parallel, next-generation selective TKIs are
being developed with the hope for an improved outcome
and fewer AEs [4, 46].

Several limitations should be acknowledged in this
study, as is the case with similar meta-analyses, in addi-
tion to the fact that for some of the TKI molecules the
number of studies is very small. First, selected studies are
characterized by significant heterogeneity. This might be
attributed to differences in the definition of PD and dif-
ferences in the time lapse between the diagnosis of DP
and TKI initiation. Furthermore, some of finally selected
studies had missing data, G3AEs and PFS included, main-
ly in observational, retrospective and phase II trials. We
have chosen to include all studies in order to avoid a sys-
tematic selection bias error. Included studies had missing
data, but this is the definition of real-life clinical data.

Second, there are differences in the follow-up length.
The duration of follow-up was limited in most studies,
not reaching a final point such as death; therefore, me-
dian overall survival could not be estimated.

Third, quality of life was not taken into account in
some of the studies, though this would have been an im-
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portant observation from a clinical perspective. Since no
difference in overall survival has been shown for any of
the molecules studied so far, any improvement in quality
of life would have been a strong argument for the use of
these drugs in advanced MTC.

Fourth, RECIST criteria for DP may not have been
correctly and independently evaluated in all studies as is
the case in randomized phase III trials. Some of the eli-
gible studies consist of small retrospective cohorts, but
again ruling them out of the meta-analysis would have
resulted in greater bias.

Finally, it should be stressed that head-to-head com-
parison between the different molecules has not been per-
formed and thus, inevitably, the evidence is observation-
al. Furthermore, the majority of studies were not placebo
controlled, and the subset of them which were RCTs,
were treated as observational since only the data from the
treatment arm were included in the main analyses. This
fact, along with the different design of the 2 phase III
studies, makes it difficult to safely compare the different
drug molecules regarding either efficacy or toxicity. How-
ever, for the 2 phase III RCTs, in the population of MTC
patients treated with TKIs (either cabozantinib or vande-
tanib), a clinically pertinent benefit was observed (HR
from 0.28 to 0.35) as compared to placebo.

In the present study, we have attempted to give a view
of the current status of TKI use in MTC, as reflected in
the published literature. A recent, strict meta-analysis in-
quiring the effect of TKIs on PFS, combined with a net-
work meta-analysis, included only the 2 phase III RCT
trials [47], and showed a comparable efficacy.

In conclusion, the use of TKIs in the management of
advanced MTC has so far led to moderate therapeutic
benefit, translating into either partial disease regression
or stability in 73% of patients. However, the decision to
initiate TKI treatment in MTC, should be made on an in-
dividual basis since the toxicity of these drugs is not neg-
ligible. Hopefully, the ongoing trials with novel molecules
will prove even more effective.
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