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Background: Preclinical studies suggest that combining vandetanib (VAN), a multi-tyrosine kinase inhibitor of
rearranged during transfection (RET) proto-oncogene, vascular endothelial growth factor receptor (VEGFR), and
epidermal growth factor receptor (EGFR), with everolimus (EV), a mammalian target of rapamycin (mTOR) inhibitor,
may improve antitumor activity. We determined the safety, maximum tolerated dose (MTD), recommended phase Il
dose (RP2D), and dose-limiting toxicities (DLTs) of VAN + EV in patients with advanced solid cancers and the effect
of combination therapy on cancer cell proliferation and intracellular pathways.

Patients and methods: Patients with refractory solid tumors were enrolled in a phase | dose-escalation trial testing VAN
(100-300 mg orally daily) + EV (2.5-10 mg orally daily). Objective responses were evaluated using RECIST v1.1. RET
mutant cancer cell lines were used in cell-based studies.

Results: Among 80 patients enrolled, 72 (90%) patients were evaluable: 7 achieved partial response (PR) (10%) and 37
had stable disease (SD) (51%; duration range: 1-27 cycles). Clinical benefit (SD or PR > 6 months) was observed in 26
evaluable patients [36%, 95% confidence intervals (Cl) (25% to 49%)]. In 80 patients, median overall survival (OS) was
10.5 months [95% CI (8.5-16.1)] and median progression-free survival (PFS) 4.1 months [95% Cl (3.4-7.3)]. Six patients
(7.5%) experienced DLTs and 20 (25%) required dose modifications. VAN -+ EV was safe, with fatigue, rash, diarrhea, and
mucositis being the most common toxicities. In cell-based studies, combination therapy was superior to monotherapy
at inhibiting cancer cell proliferation and intracellular signaling.

Conclusions: The MTDs and RP2Ds of VAN + EV are 300 mg and 10 mg, respectively. VAN + EV combination is safe and
active in refractory solid tumors. Further investigation is warranted in RET pathway aberrant tumors.
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INTRODUCTION

Receptor tyrosine kinases (RTKs) play a critical role in
maintaining tissue homeostasis by regulating a number of

*Correspondence to: Dr Tina Cascone, Department of Thoracic/Head & Neck
Medical Oncology, Unit 432, The University of Texas MD Anderson Cancer
Center, 1515 Holcombe Blvd, Houston, TX 77030, USA. Tel: +713-792-6363;
Fax: +713-792-1220

E-mail: tcascone@mdanderson.org (T. Cascone).

*Dr Vivek Subbiah, Department of Investigational Cancer Therapeutics
(Phase I Clinical Trials Program), Unit 455, The University of Texas MD
Anderson Cancer Center, 1515 Holcombe Blvd, Houston, TX 77030, USA. Tel:
+713-563-0393; Fax: +713-792-0334

E-mail: vsubbiah@mdanderson.org (V. Subbiah).

! Deceased.

2059-7029/© 2021 The Authors. Published by Elsevier Ltd on behalf of Eu-
ropean Society for Medical Oncology. This is an open access article under the CC
BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Volume 6 m Issue 2 m 2021

cellular processes, including cell division, migration, differ-
entiation, and survival." Oncogenic mutations or structural
alterations in RTKs can trigger sustained receptor activation
resulting in uncontrolled cell proliferation, oncogenesis, and
cancer progression.” Aberrant RTK signaling has been the
focus of considerable drug discovery efforts and a number
of antibodies and small molecule drugs that prevent endless
receptor activation have been approved for cancer treat-
ment.?> Unfortunately, clinical benefits of RTK inhibitors are
short-lived and tumors often develop therapeutic resis-
tance.”” There is an urgent need to identify new strategies
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that can overcome resistance and increase clinical benefit of
RTK inhibitors.

Results from preclinical investigations indicate that many
tumors rely on activation of bypass signaling networks to
become refractory to RTK inhibitors and ensure tumor
progression.” Therapeutic strategies that provide simulta-
neous inhibition of both the primary oncogenic signal and
the bypass pathway have been shown to delay emergence
of resistance and improve survival in experimental tumor
models.® However, translating combinations of molecular-
targeted therapy for clinical use is often challenging, in
part because simultaneous inhibition of multiple signaling
pathways can alter normal physiology leading to prohibitive
clinical ‘off-target’ side-effects.’

Vandetanib (VAN), an oral multi-targeted RTK inhibitor of
vascular endothelial growth factor receptor-2 (VEGFR-2),
epidermal growth factor receptor (EGFR), and the rear-
ranged during transfection (RET) proto-oncogene, is US
Food and Drug Administration (FDA) approved for unre-
sectable metastatic medullary thyroid cancer (MTC).?
Oncogenic RET aberrations can be either activating point
mutations or genomic rearrangements that produce RET
fusion protein kinases that have transforming and onco-
genic properties.’

Everolimus (EV) is an allosteric, small molecule inhibitor
of mammalian target of rapamycin (mTOR), a kinase that
lies downstream in the phosphatidylinositol 3-kinase (PI3K)-
protein kinase B (AKT) pathway.'® The PI3K/AKT/mTOR
pathway is constitutively activated in several types of can-
cers and targeting this pathway represents an important
anticancer strategy.”? Studies have shown that some
cancer cells respond to mTOR inhibitors by increasing
signaling through the mitogen-activated protein kinase/rat
sarcoma/extracellular signal-regulated kinase (MAPK/RAS/
ERK) and PI3K/AKT pathways."®** Recent evidence
demonstrated that combined inhibition of VEGFR/RET and
mTOR kinases achieves increased clinical efficacy and
maximally suppresses growth mediated by oncogenic RET
mutations.”>® Here, we sought to determine the safety
and maximum tolerated dose (MTD) and recommend phase
Il dose (RP2D) of VAN plus EV in patients with advanced
solid tumors, including those harboring genomic aberra-
tions in study drug targets. We also evaluated the effect of
combination therapy on cell proliferation and downstream
signaling pathways in RET mutant cancer cell lines.

PATIENTS AND METHODS

Patients

Eligible patients were >18-years-old with histologically
confirmed advanced/metastatic cancers whose tumors
failed to respond to standard therapy and/or had pro-
gressed despite initial response to standard therapy. Pa-
tients were required to be off systemic therapy for at least 3
weeks (or for a period equivalent to five half-lives of a drug
in the case of a biologic or targeted agent) and have an
Eastern Cooperative Oncology Group (ECOG) performance
status (PS) of <3. Palliative radiation therapy was allowed
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during study treatment, but administration of other stan-
dard or investigational anticancer agents was prohibited.
Other inclusion or exclusion criteria are detailed in the
Supplementary Methods, available at https://doi.org/10.
1016/j.esmoop.2021.100079. The study protocol was
approved by the MD Anderson Cancer Center institutional
review board and all patients gave written informed con-
sent. The study was conducted according to good clinical
practice and the Declaration of Helsinki and its amend-
ments and is registered at ClinicalTrials.gov (identifier:
NCT01582191).

Study design

This was a single institution (University of Texas MD
Anderson Cancer Center), investigator-initiated non-
randomized, open-label, dose-escalation phase | clinical trial
of VAN and EV. The primary objectives were to determine
the safety, MTD, RP2D and dose-limiting toxicities (DLTs) of
VAN and EV combination in patients with advanced/
refractory solid malignancies, including those harboring
molecular aberrations. Patients were enrolled at five dose
levels using 100 mg of VAN orally daily and 2.5 mg of EV
orally daily for 28 days as starting doses (level 0) in a
standard ‘3 + 3’ dose-escalation design. After reaching the
MTD and RP2D, the trial was amended to multiple expan-
sion cohorts that included expansion to tumor types that
demonstrated a partial response (PR) in escalation phase
and expansion based on tumor molecular aberrations in
study drug targets. The concomitant use of cytochrome
P450 3A4 (CYP3A4) inhibitors was discouraged. If a patient
experienced a new grade (G)3 or higher toxicity, treatment
was withheld until the condition recovered to G1 or base-
line. Treating physicians were allowed to reduce the dose by
up to 50% if the toxicity was attributed to either or both
study drugs. Patients continued treatment until they expe-
rienced progression of disease (PD), intolerable toxicities, or
until the treating physician or patient felt that it was not in
the patient's best interest to continue. All patients enrolled
at each dose level were evaluated during the first 28 days
for DLTs, defined as any clinically significant G3 or G4 non-
hematologic toxicity as described in the National Cancer
Institute-Common Terminology Criteria for Adverse Events
(NCI-CTCAE) v3.0, expected and believed to be related to
the study medications, any G4 hematologic toxicity lasting 2
weeks or longer or associated with bleeding and/or sepsis;
G3-G4 thrombocytopenia lasting 7 days or thrombocyto-
penia associated with active bleeding or requiring platelet
transfusion; G3 nausea/vomiting lasting >48 h or any G4
nausea/vomiting despite maximum anti-nausea regimens
(i.e. excluding G3 nausea or G3-G4 vomiting or diarrhea in
patients who had not received optimal antiemetic and
antidiarrheal treatment); and any other clinically significant
G3 non-hematologic toxicity, including symptoms or signs of
vascular leak or cytokine release syndrome; or any severe or
life-threatening complications or abnormality not defined in
the NCI-CTCAE that is attributable to the therapy. Correct-
able electrolyte imbalances and alopecia were not
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considered DLTs. The MTD was defined by DLTs that occur in
the first 28-day cycle (induction phase). Patients were
evaluated every 28 days before each cycle. The MTD was
defined as the highest dose at which no more than 33% of
patients developed DLTs. Tumor molecular aberrations were
determined by next-generation sequencing (NGS) using
Clinical Laboratory Improvement Amendments (CLIA)-
certified panels, either Foundation Medicine and/or MD
Anderson gene panels, in 66 patients (83%). Patients were
classified as ‘unmatched’ if there were no actionable ab-
errations in study targets and ‘matched’ if actionable al-
terations were found in the study drug targets (RET, VEGFR,
EGFR, and PI3K/AKT/mTOR signaling pathways). Response
to therapy was assessed using RECIST v1.1.*’

Statistical analysis

Exact 95% confidence intervals (Cl) for proportions were
computed using the Clopper—Pearson method. Odds ratios
with 95% Cls and P values for comparing proportions were
estimated using logistic regression. The Wilcoxon rank-sum
test was used to compare interval-scaled variables be-
tween groups. The median progression-free survival (PFS)
and overall survival (OS) times were determined using the
Kaplan—Meier method and statistical significance was
defined using the log-rank test. Waterfall plots and event
charts were generated. Analyses were carried out using
TIBCO S+ 8.2 for Windows.

Supplementary materials and methods

The materials and methods of in vitro studies, including cell
lines, proliferation assay, drug combination studies, and
western blot analysis, are detailed in Supplementary
Materials and Methods, available at https://doi.org/10.
1016/j.esmoop.2021.100079.

RESULTS

Patient characteristics

From January 2013 to August 2016, 175 patients were
screened and a total of 98 patients were started on treat-
ment in the dose-escalation phase. The results of 80 pa-
tients with refractory solid malignancies are described. The
results of the non-small-cell lung cancer (NSCLC) patient
cohort will be reported separately. Seventy-seven patients
(44%) did not start treatment due to the following reasons:
insurance coverage (n = 43; 56%), high copay (n = 2; 3%),
clinical deterioration (n = 7; 9%), patient preference (n =
19; 24%), or eligibility reasons (n = 6; 8%). Patient de-
mographic and clinical characteristics are shown in Table 1.

There were 37 men (46%) and 43 women (54%). Fifty-
eight patients (73%) were White and the median age at
study enrollment was 54 years (range, 18-82 years). Sar-
coma, renal cell carcinoma, thyroid, breast, and neuroen-
docrine tumors comprised 66% of cases. Sixty patients
(75%) discontinued therapy due to disease progression
including death, 10 patients (12.5%) due to toxicities, and 5
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Table 1. Patient demographic and clinical characteristics
Characteristic N (%)
Sex
Female 43 (54)
Male 37 (46)
Median age at study 54 (18-82)
enrollment, years (range)
Ethnicity
White 58 (73)
Hispanic 13 (16)
African-American 4 (5)
Other 5 (6)
Number of metastatic sites
<3 62 (78)
>3 18 (22)
Disease type
Sarcoma 21 (26)
Renal cell carcinoma (RCC) 14 (18)
Thyroid 9 (11)
Medullary, papillary, follicular, anaplastic, 3,1,3,1,1
poorly differentiated
Breast 5 (6)
Neuroendocrine 4 (5)
Others® 27 (34)
ECOG PS
0 15 (19)
1 58 (73)
2 5 (6)
3 2(2)
Number of prior therapies (range) (1-11)
1-2 31 (39)
>2 49 (61)

ECOG, Eastern Cooperative Oncology Group; PS, performance status.
? Refer to Supplementary Table S7, available at https://doi.org/10.1016/j.esmoop.
2021.100079 for list of tumors categorized under ‘Others’.

(6%) due to withdrawal of consent. Five patients remained
on treatment at time of analysis.

Toxicity

All 80 patients were evaluated for toxicities and 6 patients
(7.5%) experienced DLTs that led to reduction and/or
discontinuation of study drug/s before completing cycle 1
(C1) of therapy (Supplementary Table S1, available at
https://doi.org/10.1016/j.esmoop.2021.100079). Based on
the DLTs, we identified the MTD and RP2Ds as 300 mg of
VAN and 10 mg of EV. For toxicities, there were 61 patients
with G1, 48 patients with G2, 24 patients with G3, and 5
patients with G4 events. Fatigue, rash, diarrhea, and
mucositis were the most common G1-G2 toxicities, while
thrombocytopenia, diarrhea, hyperglycemia, hyper-
triglyceridemia, and hypercholesterolemia were the most
common G3-G4 toxicities (Table 2).

Twenty patients required dose modifications, of those
one patient with G2 diarrhea and mucositis and G3 fatigue
never resumed therapy due to intolerance, and in five pa-
tients, both drugs were discontinued after dose reduction
due to one or multiple prolonged toxicities, including
edema (G3, n = 1), diarrhea (G3, n = 2), rash (G3, n = 1),
mucositis (G3, n = 1), weight loss (G3, n = 1), corrected QTc
prolongation (G1, n = 1), and fatigue (G3, n = 1).
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Table 2. Non-hematologic and hematologic toxicities by grade
Adverse event” Grade 1 Grade 2 Grade 3 Grade 4 Total grade Total grade
1-2 (%) 3-4 (%)

Fatigue 24 11 3 0 35 (44) 3 (4)
Rash and/or acne 23 11 1 0 34 (43) 1(1)
Diarrhea 17 11 4 0 28 (35) 4 (5)
Mucositis 13 5 1 0 18 (23) 1(1)
Hyperglycemia and/or hypercholesterolemia and/or hypertriglyceridemia 13 4 2 2 17 (21) 4 (5)
Transaminitis and/or hyperbilirubinemia 12 3 3 0 15 (19) 3 (4)
Anorexia 12 6 0 0 18 (23) 0 (0)
Nausea/vomiting 8 5 0 0 13 (16) 0 (0)
Elevated creatinine/proteinuria 7 7 1 0 14 (18) 1(1)
Anemia 7 3 1 0 10 (13) 1(1)
Cough 5 1 0 0 6 (8) 0 (0)
Dyspnea 5 2 0 0 7 (9) 0 (0)
Constipation 5 1 1 0 6 (8) 1(1)
Thrombocytopenia 3 4 5 2 7 (9) 7 (9)
Hypokalemia and/or hypomagnesemia and/or hypocalcemia 3 2 1 0 5 (6) 1(1)
QTc prolongation 3 2 1 1 5 (6) 2 (3)
Neuropathy 3 0 0 0 3 (4) 0 (0)
Hemoptysis 2 0 0 0 2 (3) 0 (0)
Hand-foot syndrome 2 0 0 0 2 (3) 0 (0)
Fever 2 0 0 0 2 (3) 0 (0)
Edema 1 0 2 0 1(1) 2 (3)
Weight loss 1 1 1 0 2 (3) 1(1)
Hypertension 0 3 3 0 3 (4) 3 (4)
Pleural effusion 0 0 1 0 0 (0) 1(1)
Myocardial infarction 0 0 1 0 0 (0) 1(1)

? Toxicities consisting of less than two G1-G2 events and no G3-G4 events were not included in this table.

Clinical activity

Among 80 patients treated on trial, 16 patients (20%) did
not have available tumor measurements by RECIST criteria:
1 patient had an improvement of his clinical status and
received 16 cycles of the study drugs at time of data anal-
ysis but did not have measurable disease (bony involve-
ment) by RECIST, 7 patients experienced clinical
deterioration before restaging scans but after receiving at
least one cycle of the study drugs (clinical PD). Therefore,
these eight patients were included in the efficacy analysis.
Of the remaining eight patients, the status of disease
response was not evaluable due to toxicities (four), consent
withdrawal before restaging (three), and clinical deteriora-
tion before completion of one cycle of therapy (one).
Therefore, these eight patients were excluded from the
efficacy analysis, and a total of 72 patients (90%) were
evaluable using RECIST criteria with available percent
changes in tumor measurements (n = 64) and/or clinically
after receiving one cycle of therapy (n = 8). Of these, 30
patients were found to have tumor molecular aberrations in
the study drug targets (matched), 29 patients did not have
tumor molecular aberrations in the study drug targets
(unmatched), and in 13 patients the tumor molecular status
was unknown (Supplementary Table S2, available at https://
doi.org/10.1016/j.esmo0p.2021.100079). Molecular aber-
rations in study drug targets included alterations in mo-
lecular components of RET, VEGFR, EGFR, and PI3K/AKT/
mTOR signaling pathways. The objective response rate
[ORR = PR + complete response (CR)] was 10% (n = 7, all
PRs). Among the responders, four PRs were observed in
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matched patients (4/30, 13%) and two PRs were noted in
unmatched patients [2/29, 7%; odds ratio (OR) 2.1, 95%
Cl = (0.4, 12), P = 0.41]. One PR was noted among 13
patients with unknown tumor molecular status (1/13 =
8%). A waterfall plot showing responses in all patients with
available radiographic tumor measurements and based on
the tumor molecular aberration status is shown in Figure 1A
(n = 64). Tumor response, time of progression, and death
for each patient treated on trial from cycle 1 day 1 (C1D1)
are shown in Figure 1B.

Clinical benefit, defined as PR or stable disease (SD) for 6
months or longer, was observed in 26 patients included in
the efficacy analysis [11/30 in matched patients, 7/29 in
unmatched patients; OR = 1.8, 95% Cl = (0.6, 5.6), P =
0.29] (Supplementary Table S2, available at https://doi.
org/10.1016/j.esmoop.2021.100079). The median percent
change (mPC) in tumor size in 64 patients with available
measurements was 0.5%. In matched patients (n = 26), the
mPC in tumor size compared with baseline was —6%, which
was significantly higher when compared with that of un-
matched patients (n = 26, median 8% increase, P = 0.023),
suggesting significant antitumor activity of combination
therapy in patients with refractory solid tumors harboring
molecular alterations in study drug targets. In all 80 treated
patients, the median duration of follow-up was 20 months
(range, 1-34 months). The median PFS was 4.1 months (95%
Cl: 3.4-7.3) and the median OS time was 10.5 months (95%
Cl: 8.5-16.1) (Supplementary Table S2, available at https://
doi.org/10.1016/j.esmoop.2021.100079). At the time of
analysis, 57/80 (71%) patients had died.
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Figure 1. Changes in tumor burden in patients treated with combined VAN and EV.

(A) Waterfall plot depicts percentage change in target lesions (RECIST) in 64 patients with available tumor measurements with advanced cancers treated with VAN and
EV in the phase | study (escalation and expansion phases). Molecular aberrations in study drug targets (matched) include aberrations in molecular components of RET,

VEGFR, EGFR and PI3K/AKT/mTOR signaling pathways.

? Denotes the patients that are used as radiographic examples in later figures. (B) Response to therapy, time to progression, and death from cycle 1 day 1 (C1D1) in 80

treated patients on trial.

AKT, Protein kinase B; EGFR, epidermal growth factor receptor; EV, everolimus; mTOR, mammalian target of rapamycin; PI3K, phosphatidylinositol 3-kinase; RET,
rearranged during transfection; VAN, vandetanib; VEGFR, vascular endothelial growth factor receptor.

Molecular profiles

Among the 80 patients, 66 underwent molecular
sequencing of their tumor with clinical NGS testing using a
CLIA-certified assay, either Foundation One and/or a solid
tumor genomic DNA assay in the MD Anderson Molecular
Diagnostics Laboratory. The most common molecular aber-
rations in the most frequent tumor types are shown in
Supplementary Table S3, available at https://doi.org/10.
1016/j.esmo0p.2021.100079. The list of molecular aberra-
tions in patients who experienced a PR is shown in
Supplementary Table S4, available at https://doi.org/10.
1016/j.esmoop.2021.100079. Among the seven patients
with a PR to therapy, one patient with a metastatic poorly
differentiated thyroid carcinoma with a PIK3CA Q546K
mutation had a 37% reduction in tumor size from baseline
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and remained on therapy for 14 cycles (Figure 2A). Another
patient with metastatic salivary duct carcinoma harboring a
PIK3CA H1047R mutation experienced a 33% reduction in
tumor size compared with baseline and received a total of
12 cycles (Figure 2B). Interestingly, one patient with
epithelioid sarcoma harboring single nucleotide poly-
morphisms (SNPs), kinase insert domain receptor (KDR)
Q472H, and KIT M541L aberrations experienced a 74%
reduction in tumor size when compared with baseline. A
patient with MTC harboring the RET M918T mutation was
started on therapy in September 2013 and stopped due to
progression in March 2014, as shown in Figure 3A. The
patient had multiple nodal and hepatic metastases. Repre-
sentative measurements for nodal metastases in the left
lower neck (solid line) and superior mediastinum (dashed
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https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079

T. Cascone et al.

N Poorly differentiated thyroid carcinoma, PIK3CA Q546K mutant, PR P15
by RECIST (-37%°)

un) 221§

0.9

0.7

]
Mar
2016

1
Feb
2016

Figure 2. Representative radiographic responses in patients with tumors harboring molecular aberrations in PI3K3CA pathway in response to VAN and EV

combination therapy.

Representative radiographic response to treatment of a (A) 31-year-old patient with metastatic poorly differentiated thyroid carcinoma harboring a PIK3CA Q546K
mutation, who experienced PR by RECIST and received combination therapy on trial for a total of 14 cycles, and (B) of a 32-year-old patient with metastatic salivary duct
carcinoma harboring a PIK3CA H1047R mutation, who experienced PR by RECIST and received combination therapy on trial for a total of 12 cycles. The black arrows

indicate the changes in tumor lesion size over time.
EV, everolimus; PR, partial response; VAN, vandetanib.

? Denotes the percent change in tumor size plotted in Figure 1A for the radiographic cases shown in Figures 2A and B.

line) are shown above the timeline. Baseline computed
tomography (CT) scans (first column of CT images) showed
nodal metastases in the left lower neck (upper row of CT
images) and superior mediastinum (lower row of CT im-
ages). First follow-up imaging (second column) in November
2013 showed a decrease in the size of both nodal metas-
tases. This trend continued on the second follow-up scans
(third column) in January 2014. However, the third follow-
up scans (fourth column) in March 2014 showed tumor
progression and therapy was stopped. The patient had an
N-of-One™ report that showed interesting insights into the
biology of disease. The patient's tumor molecular profile is
shown in Figure 3B and reveals additional molecular aber-
rations, including strong (+3) immunohistochemical
expression of mTOR, pAKT, and the anti-apoptotic molecule
B-cell lymphoma 2 (Bcl-2).

6 https://doi.org/10.1016/j.esmoop.2021.100079

VAN and EV combination induces antiproliferative activity
and inhibits downstream signaling of RET, AKT/mTOR, and
ERK pathways in RET mutant cancer cells

In preclinical studies testing the antiproliferative activity of
VAN, EV, or the combination in two RET mutant MTC cell
lines, the addition of EV to VAN decreased cell proliferation
in a dose-dependent manner in both cell lines
(Supplementary Figure 1A and B, Supplementary Table S5,
available at https://doi.org/10.1016/j.esmoop.2021.10007
9). Even at the highest dose level, EV had only a modest
inhibitory effect on cell proliferation, suggesting that mTOR
inhibition alone is not sufficient to control cell proliferation.
In both cell lines, the administration of escalating doses of
EV to higher doses of VAN resulted in a more profound
reduction in cell proliferation, suggesting that mTOR inhi-
bition may play a role in counteracting and preventing
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A MTC, RET M918T Mutant, SD by RECIST (-22%2)

MUTN IHC IHC
Positive Positive Positive

IHC IHC Positive
Positive [High

M918T

3+,100% 3+, 100%

1+,16% 3+, 100%

Figure 3. Radiographic tumor changes following treatment with VAN plus EV in a patient with RET M918T mutant MTC.
(A) Radiographic images of a 44-year-old patient with metastatic MTC who experienced SD to treatment by RECIST evaluation. (B) Tumor molecular profile of patient

with RET M918T mutant MTC and SD as best response to VAN plus EV.

Bcl-2, B-cell lymphoma; CN, copy number; EGFR, epidermal growth factor receptor; EV, everolimus; IHC, immunohistochemistry; MTC, medullary thyroid cancer; mTOR,
mammalian target of rapamycin; MUTN, mutation; RET, rearranged during transfection; SD, stable disease; VAN, vandetanib.
? Denotes the percent change in tumor size plotted in Figure 1A for the radiographic cases shown in Figure 3A.

resistance to RET inhibition. However, MZ-CRC-1 cells had a
similar decrease in cell proliferation with the highest dose
of VAN alone and the highest dose of combination therapy.
Drug combination studies carried out to test potential
synergistic drug interaction revealed a combination index
less than one when both VAN and EV were tested in both
cancer cell lines, suggesting overall moderate synergy at
these intermediate doses (Supplementary Table S6, avail-
able at https://doi.org/10.1016/j.esmoop.2021.100079).
The results of these studies are consistent with the findings
from western analysis which showed that combined VAN
plus EV resulted in a more profound inhibition of phos-
phorylated RET and AKT signaling pathways as compared
with either drug alone (Supplementary Figure 1C, available
at https://doi.org/10.1016/j.esmoop.2021.100079). Phos-
phorylated ERK was equally suppressed by VAN alone or
VAN combined with EV. EV alone suppressed pAKT and pS6
kinase, which are components of the mTOR pathway, but
had minimal effect on pRET and pERK. Combined VAN plus
EV was more effective at suppressing pAKT and pS6 kinase
signaling compared with either agent in monotherapy and
increased the expression of cleaved poly (ADP-ribose) po-
lymerase (PARP) and phosphorylated histone subtype H2A
isoform X (yH2AX), both of which are involved in the DNA
repair pathway. Together, these findings illustrate that
combination VAN plus EV may be superior at inhibiting
potential downstream resistant signaling pathways that
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could be activated by either agent administered as
monotherapy.

DISCUSSION

Accumulating evidence suggests that targeting both the
primary oncogenic signal and the secondary escape
signaling pathways may be an effective strategy to delay or
overcome therapeutic resistance.'®*' Combination of TKIs
of VEGFR and mTOR pathways have shown clinical benefit
in earlier clinical trials.””** In fact, an analogous combina-
tion of a VEGFR-2/RET plus mTOR inhibitors lenvatinib and
everolimus is FDA-approved for metastatic renal cell carci-
noma.*® The current study was motivated, in part, by pre-
clinical results demonstrating that co-inhibition of VEGFR/
RET and mTOR kinases provides greater antiproliferative
activity than either agent alone in RET mutant cancer
cells.*® VAN is approved for use in unresectable MTC and
our preclinical data in MTC cell lines provides preliminary
insight into the effect of VAN plus EV combination
compared with monotherapy in this tumor type, which will
serve to guide future investigations in this area. Due to the
multi-targeted nature of both VAN and EV, these drugs may
also be applicable to a number of different solid tumors
with molecular aberrations in the study drug targets. Tar-
geting the mTOR pathway with EV has also been shown to
produce antitumor activity in EGFR-resistant cancer cell
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lines and experimental tumor models and to resensitize
resistant cancer cells to EGFR inhibitors.**

The results of our dose-escalation study demonstrated
that 300 mg of VAN can be safely combined with 10 mg EV
to produce clinical activity. Twenty (25%) patients required
dose modifications due to toxicity. Thirty percent of patients
experienced G3 toxicities, the most common of which were
thrombocytopenia, diarrhea, and fatigue. Six patients
(7.5%) experienced DLTs that required discontinuation of
therapy, including thrombocytopenia, hypertension, fatigue,
diarrhea, transaminitis, and QTc prolongation, which are
consistent with previous clinical evaluations of VAN and
EV.25'26

The ORR was 10% (all PRs) and the majority of responses
were in patients with molecular aberrations of the drug
targets. These patients also had a greater reduction in their
tumor volumes (6% decrease) when compared with pa-
tients whose tumors did not have molecular alterations in
the drug targets (8% increase) or those harboring tumors
with an undefined molecular status (3% increase). We
observed tumor regression in patients with renal cell car-
cinoma, salivary duct carcinoma, soft tissue sarcoma, thy-
roid carcinoma, ovarian cancer, breast cancer, and
epithelioid sarcoma. Of the seven patients whose tumors
demonstrated a PR to therapy, two had molecular aberra-
tions in PIK3CA, one patient had molecular aberrations in
both the KDR and KIT kinases, and one had an MDM2
amplification in addition to a variant of uncertain signifi-
cance in the tumor suppressor gene tuberous sclerosis
complex 1 (TSC1), both of which are components of the
PI3K/AKT/mTOR pathway.””*® The aberration identified in
KIT has been reported as a benign polymorphism in the
Single Nucleotide Polymorphism Database (dbSNP), but it
also has been described as a somatic mutation in COSMIC
(COSM28206) in association with tumors such as aggressive
fibromatosis, meningioma, and chronic myeloid leukemia
and some studies suggest that it may confer increased risk
of hematologic malignancies.”® KDR Q472H aberration has
been shown to mediate VEGFR-2 phosphorylation and
enhanced tumor angiogenesis.>° No aberrations were noted
in two other patients exhibiting a PR and the molecular
status of the tumor from the remaining patient with a PR
was unknown. Thirty-six percent of patients enrolled
received clinical benefit, most of whom had alterations in
the drug targets. We observed early signals of antitumor
activity of combination therapy in tumors harboring
actionable alterations in the study drug targets. While these
results are encouraging, they should be viewed as pre-
liminary and further studies are needed to explore the
relationship between potentially targetable molecular ab-
errations and response to therapy.

Since we completed these analyses, at least two next-
generation selective RET inhibitors have been described.
These drugs were developed with the goal of limiting the
toxicity associated with multi-targeted RTK inhibitors by
sparing non-RET targets, such as VEGFR-2.*" In preliminary
studies, BLU-667 (pralsetinib) demonstrated activity against
wild-type RET and oncogenic RET while maintaining
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selectivity toward the target.>> BLU-667 was much more
potent (>10-fold increase) and selective over VAN and
cabozantinib at inhibiting RET signaling and proliferation in
RET-driven cancer cell lines. BLU-667 also demonstrated
antitumor activity in RET-driven preclinical models and
induced clinical responses in patients with RET-altered
NSCLC and MTC without notable off-target toxicity.>> LOXO-
292 (selpercatinib) is another selective VEGFR-2-sparing RET
kinase inhibitor that was designed to inhibit diverse RET
fusions, activating mutations, and acquired resistance.*”
LOX0-292 demonstrated robust antiproliferative activity in
RET fusion-positive and RET mutant cancer cells in vitro and
in vivo, including an orthotopic model of RET mutant brain
metastases. More importantly, LOX0-292 demonstrated
antitumor activity in patients with RET-altered tumors.*?
Collectively, these initial studies suggest that inhibition of
VEGFR-2 is not necessary for an antitumor response in pa-
tients with RET-driven cancers who are treated with RET
selective inhibitors. Additional testing in a larger cohort of
patients will reveal the benefit of these VEGFR-2 sparing
inhibitors on toxicity profiles and later studies will determine
how they impact emergence of the resistant phenotype. The
combination of a multikinase RET inhibitor with an mTOR
inhibitor could be an interesting strategy to address off-
target resistance mechanisms from selective RET inhibitors,
but further data are warranted to unravel off-target resis-
tance mechanisms and design specific trials.

This single-institution, investigator-initiated clinical trial
included patients with heavily pre-treated advanced solid
tumors with more flexible schedules with two oral FDA-
approved agents. Being more inclusive of ECOG PS and
with no restriction to a number of lines of therapy when
compared with other sponsored trials may have reduced
the clinical efficacy of the trial.

In the present study, we found that 300 mg of VAN orally
and 10 mg of EV orally (the current FDA-approved dose of
either agent) can be combined safely to produce antitumor
activity in patients with solid tumors. Our cell-based studies
suggest that the multikinase targeting approach effectively
inhibits signaling pathways associated with cell division and
survival that may be upregulated as potential mechanisms
of resistance to either drug administered as monotherapy.
Although selective RET inhibitors are in clinical develop-
ment, tumors may develop resistance mechanisms via
alternative signaling pathways that can be on- or off-target,
leading to disease progression. Therefore, therapies
directed against non-specific drug targets such as VAN and
EV may prove beneficial in resistant tumors and warrant
further investigation. The overall manageable toxicity profile
and antitumor activity of VAN and EV in this study support
additional testing in patients with advanced/refractory solid
tumors, including those harboring genomic aberrations in
the study drug targets.

ACKNOWLEDGEMENTS

The authors thank the patients and their families, the
clinical trial regulatory team, and the clinical trial

Volume 6 m Issue 2 m 2021


https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079

T. Cascone et al.

coordinators for their valuable contributions to this study.
The authors also thank Prof. Fortunato Ciardiello from the
University of Campania Luigi Vanvitelli for his insightful
comments regarding this study.

FUNDING

This work was supported by Khalifa Scholars Award from
the Sheikh Khalifa Al Nahyan Ben Zayed Institute for
Personalized Cancer Therapy (to TC, no grant number), and
National Institute of Health through MD Anderson Cancer
Center Support Grant New Faculty Award [grant number
P30 CA016672]; The University of Texas MD Anderson
Cancer Center CG Johnson Foundation Advanced Scholar
Program Funds (to TC, no grant number), The American
Society of Clinical Oncology (ASCO) Career Development
Award 2018 (to TC, grant number 12895), and The Uni-
versity of Texas MD Anderson Cancer Center Physician-
Scientist Program (to TC, no grant number), the Bob May-
berry Foundation (to TC, no grant number), and the T.J.
Martell Foundation (to TC, no grant number). IMS is sup-
ported by American Cancer Society Clinician Scientist
grant (grant number 133835-CSDG-19-153-01-PCSM) and
Sabin Family foundation fellowship (no grant number). VS is
supported by National Institutes of Health [grant number
RO1CA242845].

DISCLOSURE

TC: speaker's fees from Society for Immunotherapy of
Cancer and Bristol Myers Squibb; consulting/advisory role
fees from Medimmune/AstraZeneca, EMD Serono, and
Bristol Myers Squibb, research funding to MD Anderson
Cancer Center from Boehringer Ingelheim, Medlmmune/
AstraZeneca, and Bristol Myers Squibb. SAP-P: research/
grant funding (institutional) from AbbVie, Inc.; Aminex
Therapeutics; Amphivena Therapeutics, Inc.; BioMarin
Pharmaceutical, Inc.; Boehringer Ingelheim; Bristol Myers
Squib; Cerulean Pharma Inc.; Chugai Pharmaceutical Co.,
Ltd.; Curis, Inc.; Five Prime Therapeutics; Genmab A/S;
GlaxoSmithKline; Helix BioPharma Corp.; Incyte Corp.;
Jacobio Pharmaceuticals Co., Ltd.; Medimmune, LLC; Med-
ivation, Inc.; Merck Sharp and Dohme Corp.; NewLink Ge-
netics Corporation/Blue Link Pharmaceuticals; Novartis
Pharmaceuticals; Pieris Pharmaceuticals, Inc.; Pfizer; Prin-
cipia Biopharma, Inc.; Puma Biotechnology, Inc.; Rapt
Therapeutics, Inc.; Seattle Genetics; Syneos Health; Taiho
Oncology; Tesaro, Inc.; TransThera Bio; and Xuanzhu Bio-
pharma. DSH: research/grant funding from AbbVie, Adap-
timmune, Aldi-Norte, Amgen, Astra-Zeneca, Bayer, BMS,
Daiichi Sankyo, Eisai, Fate Therapeutics, Genentech, Gen-
mab, Ignyta, Infinity, Kite, Kyowa, Lilly, LOXO, Merck, Med-
Immune, Mirati, miRNA, Molecular Templates, Mologen,
NCI-CTEP, Novartis, Pfizer, Seattle Genetics, Takeda, and
Turning Point Therapeutics; funding for travel, accommo-
dations, and expenses from Bayer, LOXO, miRNA, Genmab,
AACR, ASCO, and SITC; consultant/advisor for Alpha In-
sights, Amgen, Axiom, Adaptimmune, Baxter, Bayer, Gen-
entech, GLG, Group H, Guidepoint, Infinity, Janssen,

Volume 6 m Issue 2 m 2021

Merrimack, Medscape, Numab, Pfizer, Prime Oncology,
Seattle Genetics, Takeda, Trieza Therapeutics, WebMD;
ownership interests in Molecular Match (Advisor), OncoR-
esponse (Founder), Presagia Inc. (Advisor). SF: clinical trial
research support through the institution from NIH/NCI;
AstraZeneca; Abbisko; Anaeropharma Science; Arrien Phar-
maceuticals; BeiGene; BioAtla, LLC; Boehringer Ingelheim;
Eli Lilly & Co.; Hookipa Biotech; Huya Bioscience Interna-
tional; IMV, Inc.; Innovent Biologics, Co., Ltd.; Lyvgen Bio-
pharma, Co., Ltd.; MacroGenics; Medivir AB; Millennium
Pharmaceuticals, Inc.; Nerviano Medical Sciences; Neu-
pharma, Inc.; Novartis; OncoMed Pharmaceuticals; Parexel
International, LLC; Sellas Life Sciences Group; Soricimed
Biopharma, Inc.; Tolero Pharmaceuticals; NovoCure; Turn-
stone Biologics; Taiho Oncology; and NCCN. AN: Research
funding from NCI, EMD Serono, Medimmune, Healios,
Atterocor, Amplimmune, ARMO BioSciences, Eli Lilly, Kar-
yopharm Therapeutics, Incyte, Novartis, Regeneron, Merck,
BMS, Pfizer, CytomX Therapeutics, Neon Therapeutics, Cal-
ithera Biosciences, Top Alliance Biosciences, Kymab,
PsiOxus, Arcus Biosciences, NeolmmuneTech, Immu-
neOncia, Surface Oncology; on advisory board of CytomX
Therapeutics, Novartis, and Genome & Company, OncoSec
KEYNOTE-695, STCube Pharmaceuticals, Kymab; travel and
accommodation expense from ARMO BioSciences. Spouse:
Research funding from Immune Deficiency Foundation,
Jeffery Modell Foundation and Chao Physician-Scientist, and
Baxalta; advisory board from Takeda, CSL Behring, Horizon
Pharma. FJ: grant/research funding (institutional) from
Novartis, Genentech, Biomed Valley Discoveries, Plexxikon,
Deciphera, PIQUR Therapeutics, Symphogen, Bayer, Fujifilm
Corporation and Upsher-Smith Laboratories, Astex, Asana,
Astellas, Agios, Proximagen, and Bristol Myers Squibb;
advisory board member for Deciphera, IFM Therapeutics,
Synlogic, Guardant Health, IDEAYA, PureTech Health, and
Jazz pharmaceuticals; consultant fees from Trovagene,
Immunomet, Primmune Therapeutics, Jazz Pharmaceuticals,
and SOTIO; ownership interests in Trovagene. GSF: research
funding from 3-V Biosciences, AbbVie, ADC Therapeutics,
Aileron, American Society of Clinical Oncology, Amgen,
ARMO, AstraZeneca, BeiGene, BioAtla, Biothera, Celldex,
Celgene, CicloMed, Curegenix, Curis, Cyteir, Daiichi, Delmar,
eFFECTOR, Eli Lilly, EMD Serono, Exelixis, Fujifilm, Genmab,
GlaxoSmithKline, Hutchison MediPharma, Ignyta, Incyte,
Jacobio, Jounce, Kolltan, LOXO, MedIimmune, Millennium,
Merck, miRNA Therapeutics, National Institutes of Health,
Novartis, OncoMed, Oncothyreon, Precision Oncology,
Regeneron, Rgenix, Ribon, Strategia, Syndax, Taiho, Takeda,
Tarveda, Tesaro, Tocagen, Turning Point Therapeutics, U.T.
MD Anderson Cancer Center, VEGENICS, and Xencor;
advisor fees from Fujifilm and EMD Serono; royalties from
Wolters Kluwer; funding for travel from Bristol Myers
Squibb, EMD Serono, Fujifilm, Millennium, and Sarah Can-
non Research Institute; speaker's bureau fees from Total
Health Conferencing. APC: consultant fees from Deciphera
Pharmaceuticals, Guidepoint Global, Genentech, Inc., Bayer
Healthcare Pharmaceuticals, OncLive, Novartis Pharmaceu-
ticals, and Ignyta, Inc.; speaker fees from Medscape. SIS:

https://doi.org/10.1016/j.esmoop.2021.100079 9


https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079

research support from Exelixis; consultant fees from
Fortress Biotech and LOXO oncology; honoraria from Eisai.
FM-B: Consulting fees from Aduro Biotech Inc., Alkermes,
AstraZeneca, Debiopharm, eFFECTOR Therapeutics, F.
Hoffman-La Roche Ltd., Genentech Inc., IBM Watson,
Jackson Laboratory, Kolon Life Science, OrigiMed, PACT
Pharma, Parexel International, Pfizer Inc., Samsung Bioepis,
Seattle Genetics Inc., Tyra Biosciences, Xencor, Zymeworks;
advisory committee fees from Immunomedics, Inflection
Biosciences, Mersana Therapeutics, Puma Biotechnology
Inc., Seattle Genetics, Silverback Therapeutics, Spectrum
Pharmaceuticals, Zentalis; sponsored research from
Aileron Therapeutics, Inc., AstraZeneca, Bayer Healthcare
Pharmaceutical, Calithera Biosciences Inc., Curis Inc.,
CytomX Therapeutics Inc., Daiichi Sankyo Co. Ltd., Debio-
pharm International, eFFECTOR Therapeutics, Genentech
Inc., Guardant Health Inc., Klus Pharma, Millennium Phar-
maceuticals Inc., Novartis, Puma Biotechnology Inc., Taiho
Pharmaceutical Co.; honoraria from Chugai Bio-
pharmaceuticals, Mayo Clinic, Rutgers Cancer Institute of
New Jersey; other (Travel Related) from Beth Israel
Deaconess Medical Center. JVH: research support from
AstraZeneca, GlaxoSmithKline, and Spectrum; consultant/
advisory board member for AstraZeneca, Boehringer Ingel-
heim, Catalyst, Genentech, GlaxoSmithKline, Guardant
Health, Foundation medicine, Hengrui Therapeutics, Eli Lilly,
Novartis, Spectrum, EMD Serono, Sanofi, Takeda, Mirati
Therapeutics, BMS, BrightPath Biotherapeutics, Janssen
Global Services, Nexus Health Systems, EMD Serono,
Pneuma Respiratory, Kairos Venture Investments, Roche,
Leads Biolabs; royalties and patents from Spectrum. VS and
IMS: research funding/grant support from Novartis, Glax-
oSmithKline, Nanocarrier, Vegenics, Celgene, Northwest
Biotherapeutics, Berg Health, Incyte, Fujifilm, PharmaMar,
D3, Pfizer, MultiVir, Amgen, AbbVie, Alfa-sigma, Agensys,
Boston Biomedical, Idera Pharma, Inhibrx, Exelixis, Blueprint
medicines, LOXO oncology, Medimmune, ALTUM, Dragonfly
therapeutics, Takeda, and Roche/ Genentech, National
Comprehensive Cancer Network, NCI-CTEP, and UT MD
Anderson Cancer Center; consultant/advisory board for
Helsinn, LOXO Oncology/ Eli Lilly, R-Pharma US, INCYTE,
QED pharma, Medimmune, Novartis; funding for travel
from Novartis, PharmaMar, ASCO, ESMO, Helsinn, Incyte. All
other authors have declared no conflicts of interest.

DATA SHARING

The data supporting the findings presented in this manu-
script are available upon reasonable academic request to
the study principal investigator (VS).

REFERENCES

1. Lemmon MA, Schlessinger J. Cell signaling by receptor tyrosine ki-
nases. Cell. 2010;141(7):1117-1134.

2. Blume-Jensen P, Hunter T. Oncogenic kinase signalling. Nature.
2001;411(6835):355-365.

3. Gschwind A, Fischer OM, Ullrich A. The discovery of receptor tyrosine
kinases: targets for cancer therapy. Nat Rev Cancer. 2004;4(5):361-370.

10 https://doi.org/10.1016/j.esmoop.2021.100079

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24,

25.

T. Cascone et al.

. Camidge DR, Pao W, Sequist LV. Acquired resistance to TKls in solid

tumours: learning from lung cancer. Nat Rev Clin Oncol. 2014;11(8):
473-481.

. Westover D, Zugazagoitia J, Cho BC, Lovly CM, Paz-Ares L. Mechanisms

of acquired resistance to first- and second-generation EGFR tyrosine
kinase inhibitors. Ann Oncol. 2018;29(suppl 1):i10-i19.

. Lovly CM, Shaw AT. Molecular pathways: resistance to kinase inhibitors

and implications for Clin Cancer Res.

2014;20(9):2249-2256.

therapeutic strategies.

. Park SR, Davis M, Doroshow JH, Kummar S. Safety and feasibility of

targeted agent combinations in solid tumours. Nat Rev Clin Oncol.
2013;10(3):154-168.

. Carlomagno F, Vitagliano D, Guida T, et al. ZD6474, an orally available

inhibitor of KDR tyrosine kinase activity, efficiently blocks oncogenic
RET kinases. Cancer Res. 2002;62(24):7284-7290.

. Mulligan LM. RET revisited: expanding the oncogenic portfolio. Nat Rev

Cancer. 2014;14(3):173-186.

Smolewski P. Recent developments in targeting the mammalian target
of rapamycin (mTOR) kinase pathway. Anticancer Drugs. 2006;17(5):
487-494.

Janku F, Hong DS, Fu S, et al. Assessing PIK3CA and PTEN in early-phase
trials with PI3K/AKT/mTOR inhibitors. Cell Rep. 2014;6(2):377-387.
Janku F, Wheler JJ, Westin SN, et al. PI3K/AKT/mTOR inhibitors in pa-
tients with breast and gynecologic malignancies harboring PIK3CA
mutations. J Clin Oncol. 2012;30(8):777-782.

O'Reilly KE, Rojo F, She QB, et al. mTOR inhibition induces upstream
receptor tyrosine kinase signaling and activates Akt. Cancer Res.
2006;66(3):1500-1508.

Carracedo A, Ma L, Teruya-Feldstein J, et al. Inhibition of mTORC1
leads to MAPK pathway activation through a PI3K-dependent feedback
loop in human cancer. J Clin Invest. 2008;118(9):3065-3074.

Gild ML, Landa |, Ryder M, Ghossein RA, Knauf JA, Fagin JA. Targeting
mTOR in RET mutant medullary and differentiated thyroid cancer cells.
Endocr Relat Cancer. 2013;20(5):659-667.

Motzer RJ, Hutson TE, Glen H, et al. Lenvatinib, everolimus, and the
combination in patients with metastatic renal cell carcinoma: a rand-
omised, phase 2, open-label, multicentre trial. Lancet Oncol.
2015;16(15):1473-1482.

Eisenhauer EA, Therasse P, Bogaerts J, et al. New response evaluation
criteria in solid tumours: revised RECIST guideline (version 1.1). Eur J
Cancer. 2009;45(2):228-247.

Casanovas O, Hicklin DJ, Bergers G, Hanahan D. Drug resistance by
evasion of antiangiogenic targeting of VEGF signaling in late-stage
pancreatic islet tumors. Cancer Cell. 2005;8(4):299-309.

Cascone T, Herynk MH, Xu L, et al. Upregulated stromal EGFR and
vascular remodeling in mouse xenograft models of angiogenesis
inhibitor-resistant human lung adenocarcinoma. J Clin Invest.
2011;121(4):1313-1328.

Straussman R, Morikawa T, Shee K, et al. Tumour micro-environment
elicits innate resistance to RAF inhibitors through HGF secretion. Na-
ture. 2012;487(7408):500-504.

Cascone T, Xu L, Lin HY, et al. The HGF/c-MET pathway is a driver and
biomarker of VEGFR-inhibitor resistance and vascular remodeling in
non-small cell lung cancer. Clin Cancer Res. 2017;23(18):
5489-5501.

Wagle N, Grabiner BC, Van Allen EM, et al. Activating mTOR mutations
in a patient with an extraordinary response on a phase | trial of
everolimus and pazopanib. Cancer Discov. 2014;4(5):546-553.

Ravaud A, Gomez-Roca C, Picat MQ, et al. Phase | study of axitinib
and everolimus in metastatic solid tumours and extension to meta-
static renal cell carcinoma: results of EVAX study. Eur J Cancer. 2017;85:
39-48.

Bianco R, Garofalo S, Rosa R, et al. Inhibition of mTOR pathway
by everolimus cooperates with EGFR inhibitors in human tumours
sensitive and resistant to anti-EGFR drugs. Br J Cancer. 2008;98(5):
923-930.

Holden SN, Eckhardt SG, Basser R, et al. Clinical evaluation of ZD6474,
an orally active inhibitor of VEGF and EGF receptor signaling, in pa-
tients with solid, malignant tumors. Ann Oncol. 2005;16(8):1391-1397.

Volume 6 m Issue 2 m 2021


http://refhub.elsevier.com/S2059-7029(21)00035-1/sref1
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref1
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref2
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref2
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref3
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref3
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref4
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref4
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref4
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref5
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref5
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref5
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref6
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref6
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref6
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref7
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref7
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref7
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref8
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref8
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref8
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref9
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref9
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref10
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref10
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref10
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref11
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref11
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref12
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref12
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref12
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref13
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref13
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref13
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref14
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref14
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref14
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref15
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref15
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref15
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref16
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref16
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref16
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref16
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref17
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref17
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref17
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref18
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref18
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref18
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref19
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref19
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref19
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref19
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref20
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref20
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref20
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref21
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref21
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref21
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref21
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref22
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref22
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref22
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref23
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref23
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref23
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref23
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref24
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref24
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref24
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref24
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref25
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref25
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref25
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079

T. Cascone et al.

26. Owonikoko TK, Ramalingam SS, Miller DL, et al. A translational, phar-
macodynamic, and pharmacokinetic phase IB clinical study of ever-
olimus in resectable non-small cell lung cancer. Clin Cancer Res.
2015;21(8):1859-1868.

27. Farid M, Ngeow J. Sarcomas associated with genetic cancer predis-
position syndromes: a review. Oncologist. 2016;21(8):1002-1013.

28. Ekshyyan O, Anandharaj A, Nathan C-A. Dual PI3K/mTOR inhibitors:
does p53 modulate response? Clin Cancer Res. 2013;19(14):3719-3721.

29. Li Z, Stolzel F, Onel K, et al. Next-generation sequencing reveals clini-
cally actionable molecular markers in myeloid sarcoma. Leukemia.
2015;29(10):2113-2116.

Volume 6 m Issue 2 m 2021

30.

31

32.

33.

Glubb DM, Cerri E, Giese A, et al. Novel functional germline variants in
the VEGF receptor 2 gene and their effect on gene expression and
microvessel density in lung cancer. Clin Cancer Res. 2011;17(16):
5257-5267.

Drilon A, Hu ZI, Lai GGY, Tan DSW. Targeting RET-driven cancers: lessons
from evolving preclinical and clinical landscapes. Nat Rev Clin Oncol.
2018;15(3):151-167.

Subbiah V, Gainor JF, Rahal R, et al. Precision targeted therapy with
BLU-667 for RET-driven cancers. Cancer Discov. 2018;8(7):836-849.
Subbiah V, Velcheti V, Tuch BB, et al. Selective RET kinase inhibition for
patients with RET-altered cancers. Ann Oncol. 2018;29(8):1869-1876.

https://doi.org/10.1016/j.esmoop.2021.100079 11


http://refhub.elsevier.com/S2059-7029(21)00035-1/sref26
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref26
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref26
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref26
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref27
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref27
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref28
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref28
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref29
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref29
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref29
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref30
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref30
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref30
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref30
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref31
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref31
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref31
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref32
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref32
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref33
http://refhub.elsevier.com/S2059-7029(21)00035-1/sref33
https://doi.org/10.1016/j.esmoop.2021.100079
https://doi.org/10.1016/j.esmoop.2021.100079

	Safety and activity of vandetanib in combination with everolimus in patients with advanced solid tumors: a phase I study
	Introduction
	Patients and methods
	Patients
	Study design
	Statistical analysis
	Supplementary materials and methods

	Results
	Patient characteristics
	Toxicity
	Clinical activity
	Molecular profiles
	VAN and EV combination induces antiproliferative activity and inhibits downstream signaling of RET, AKT/mTOR, and ERK pathw ...

	Discussion
	Acknowledgements
	Funding
	Disclosure
	Data sharing
	References


