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Summary

Introduction Vatalanib is an oral receptor tyrosine kinase inhibitor that blocks all known VEGF, PDGF, and c-Kit receptors. This
phase I study evaluated the safety, tolerability, and biologic activity of the combination of vatalanib with pemetrexed disodium in
patients with advanced solid tumors. Methods Patients were administered escalating twice daily doses of vatalanib in combination
with pemetrexed disodium in 21-day cycles. A dose expansion cohort was enrolled to further define the maximum tolerated dose
(MTD) and further evaluate efficacy. Results A total of 29 patients were enrolled in the study (dose escalation, 9; dose expansion,
20). Dose-limiting toxicities included grade 4 thrombocytopenia (6.9%) and febrile neutropenia, anorexia, constipation, and
dehydration. Other common adverse events were fatigue (75%), nausea (66%), vomiting (48%), oral mucositis (31%) and diarrhea
(28%). The majority of these toxicities were Grade 1-2. The MTD was reached at vatalanib 250 mg twice daily continuously
combined with pemetrexed disodium 500 mg/m? day 1. Overall, 2 patients (6.9%) had partial responses, 8 (27.6%) had stable
disease for at least 4 cycles, 5 had progressive disease (17.2%) and 5 went off study before disease assessment. Conclusion The
combination of vatalanib with pemetrexed disodium was feasible, but not well tolerated. The modest efficacy results are consistent
with other results obtained from combinations of chemotherapy and a large number of VEGF tyrosine kinase inhibitors. This
combination should not be developed further unless predictive biomarkers can be identified.
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Introduction

Angiogenesis is the process by which new capillary blood
vessels are created, thus allowing most solid tumors to grow
beyond a limiting size by facilitating delivery of nutrients to
the tumor and removal of waste products [1-3]. Vascular en-
dothelial growth factor (VEGF) and its receptors play a crucial
role in angiogenesis of numerous malignancies. The VEGF
family consists of at least five angiogenic factors (VEGF-A,
VEGF-B, VEGF-C, VEGF-D), and is the principal growth
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and survival factor for endothelial cells, rendering it a prime
target for anti-neovascularization therapies [4]. VEGF acts by
binding to three receptor tyrosine kinases (RTK): VEGFR-1/
Flt-1, VEGFR-2/KDR/Flk — 1 and VEGFR-3/Fl1t-4 located on
the host vascular endothelial cells, monocytes, and hemato-
poietic precursors, resulting in the induction of several pro-
teins, including tissue factor, urokinase, tissue-type plasmino-
gen activator, plasminogen activation inhibitor 1, matrix me-
talloproteinase, and anti-apoptotic factors facilitating and
supporting tumor growth and tumor metastasis formation [5].

Vatalanib, is an oral amino-phthalazine inhibitor of all
VEGF RTKs (VEGFR-1, =2, and — 3). It also inhibits
platelet-derived growth factor (PDGF) receptor tyrosine ki-
nase, cytokine stem cell factor receptor (c-kit) tyrosine kinase
and colony-stimulating factor 1 receptor (CSF — IR) at con-
centrations below 10 uM [6, 7]. In phase I/II clinical trials in
patients with advanced cancers, vatalanib doses ranging from
50 to 2000 mg once daily and 150 to 1000 mg administered
twice daily (BID) have had manageable side effects [8, 9]. The
recommended vatalanib dose in phase I1I studies was 1250 mg
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once daily. Two phase III trials (CONFIRM 1 and 2) evaluated
the efficacy of vatalanib in combination with chemotherapy in
advanced colorectal cancer [10, 11]. The improvements in a
pre-planned analysis of the progression-free survival (PFS) in
the vatalanib arm reported by the investigators were not cor-
roborated upon an independent central review. An exploratory
analysis in both studies did show statistically significant PFS
benefit among patients with elevated LDH levels (defined as
>1.5x ULN) receiving vatalanib. An explanation offered for
the negative results was that vatalanib might have been under-
dosed since it has a pharmacokinetically short half-life of ap-
proximately 6 h. Because of this short half-life [ 12], one of the
explanations for the lack of improvement in survival outcome
in the aforementioned trial was the lack of sustained biologic
effect with the once-daily dosing scheme. This is in contrast to
the established long half-life of the monoclonal antibody
bevacizumab which has demonstrated survival benefit in com-
bination with chemotherapy.

Pemetrexed disodium is a multitargeted antifolate inhibitor
of 3 enzymes in the folate metabolic pathway essential for cell
replication: thymidylate synthase (TS), dihydrofolate reduc-
tase (DHFR), and glycinamide ribonucleotide formy! transfer-
ase (GARFT) [13]. It also targets other enzymes, including
aminoimidazole carboxamide ribonucleotide
formyltransferase, a folate dependent enzyme involved in pu-
rine synthesis [14]. Pemetrexed disodium is currently ap-
proved in combination with cisplatin for first-line treatment
of malignant pleural mesothelioma [15] and as a standard
treatment in the first-line and maintenance of advanced non-
squamous NSCLC, and second-line settings of advanced
NSCLC [16-23]. In addition, pemetrexed disodium has an
excellent safety profile. Toxicities related to the treatment are
mild and tolerable, including neutropenia, leukopenia, ane-
mia, fatigue, nausea, and vomiting [16, 17, 24, 25].

Combination of some VEGF inhibitors with systemic che-
motherapy has, in the past few years, demonstrated increased
clinical efficacy in comparison with systemic chemotherapy
alone in various malignancies including NSCLC, gastrointesti-
nal and gynecological cancers [26-36]. Vatalanib is a well-tol-
erated, oral tyrosine kinases inhibitor of VEGFR, PDGFR and
c-Kit, resulting in a reduction of tumor angiogenesis and tumor
growth. As a small molecule inhibitor, vatalanib also has a
potential ability to penetrate the blood brain barrier. Based on
this and the tolerability of both agents, we evaluated a combi-
nation of vatalanib and pemetrexed in advanced solid tumors.

Methods
Study design

This was a phase I study to evaluate the safety, tolerability, and
biologic activity of the combination of vatalanib with

pemetrexed disodium in patients with advanced solid tumors.
Patients were enrolled in a traditional “3 + 3” dose escalation
scheme. There were 5 planned dose levels (Table 1), ranging
from vatalanib 250 mg twice daily up to 750—1250 mg twice
daily. Pemetrexed disodium was administered at a fixed dos-
age of 500 mg/m” in all five levels. Three patients were treated
at each dose level for 21-day cycles and observed for a min-
imum of 3 weeks before new patients were treated. Vatalanib
was administered continuously orally, while pemetrexed
disodium was administered intravenously on day 1, of a 21-
day cycle. Patients were assigned their dose level by the Mayo
Clinic Cancer Center (MCCC) Randomization Center and
continued on treatment until they experienced unacceptable
side effects, had disease progression, or withdrew consent.
Doses were not escalated in any individual patient.

After the MTD of the combination was identified, 20 ad-
ditional patients were treated in the expansion cohort to better
define the safety and efficacy of these agents.

Dose-limiting toxicity and maximum tolerated dose

The primary objectives were to determine the MTD of the
combination. The MTD is defined as the dose level below
the lowest dose that induces dose-limiting toxicity (DLT) in
at least one-third of patients (at least 2 of a maximum of 6 new
patients). The DLT was defined as an adverse event attributed
(definitely, probably, or possibly) to the study treatment in the
first three weeks of combination therapy and meeting the fol-
lowing criteria: Grade 4 absolute neutrophil count for >5 days
or Grade 4 thrombocytopenia of any duration, > Grade 3 non-
hematologic toxicity as per NCI Common Terminology
Criteria for Adverse Events (CTCAE) v3.0. Grade 3 nausea,
vomiting, or diarrhea in spite of maximal supportive treat-
ment(s) was considered dose limiting. Any toxicity causing
dose delays of greater than 2 weeks of the intended next dose
was also to be considered dose limiting. For grading toxicity
for proteinuria when both 24-h urine measurement and ran-
dom urine sample dipstick results were both available, the 24-

Table 1 Dose Escalation plan
Dose  Pemetrexed  Vatalanib
Level (mg,/m)2
-1 500 250 mg po BID
1* 500 500 mg po BID
500 750 mg po BID
500 750 mg po BID for days 1-7 of cycle 1 only,
then 1000 mg po BID thereafter
4 500 750 mg po BID for days 1-7 of cycle 1 only,
then 1000 mg po BID for days 8-14 of cycle
1 only, then 1250 mg po BID thereafter
*Starting dose
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h urine protein result was used as the parameter in determining
toxicity grade.

Patient selection

Patients older than 18 years with confirmed advanced solid
tumors refractory to or failing standard treatment were eligible
for the study. Patients were required to have an Eastern
Cooperative Oncology Group (ECOG) performance status
of 2 or lower and adequate bone marrow, renal, and liver
function. In addition, patients should have no contraindica-
tions to the intake of folic acid, vitamin B12 or dexamethasone
and be able to permanently discontinue aspirin doses of
>1.3 g/day >10 days before through >10 days after
pemetrexed disodium treatment. Patients with symptomatic,
untreated, or uncontrolled CNS metastases or seizure disorder,
symptomatic serosal effusion, concurrent severe and/or
uncontrolled medical disease, acute or chronic liver dis-
ease or severe impairment of gastrointestinal absorption
were excluded. Other exclusion criteria included uncon-
trolled infection; inadequate recovery from previous
therapies including surgery, radiation, chemotherapy, bi-
ologic therapy, hormonal therapy or immunotherapy, and
prior treatment with mitomycin C, nitrosoureas, or
bevacizumab within 6 weeks of study entry.
Concurrent intake of CYP3A4-inducing agents was not
allowed. The study was approved by the Institutional
Review Board of Mayo Clinic Cancer Center and all
patients provided written informed consent.

Patient treatment

Eligible patients received 500 mg/m” pemetrexed disodium
as a 10-min intravenous infusion on day 1 of a 21-
day cycle. They were premedicated with 350 mcg of oral
folic acid daily for 7 days before pemetrexed administra-
tion, and continuing throughout the study. Vitamin B12
was administered intramuscularly at a dose of 1000 mcg
on day 1 of folic acid and repeated every 9 weeks while
patient was receiving pemetrexed. Dexamethasone (10 mg)
was administrated intravenously on day 1 prior to
pemetrexed disodium, and then 4 mg dexamethasone was
administrated orally twice daily for 2 days after
pemetrexed infusion. In the dose escalation cohort,
vatalanib was taken orally continuously on a flat dosing
scheme (not weight based). To ensure safety, patients were
started on 500 mg twice daily in the first week. Dose
escalation/de-escalation by 250 mg BID was done in each
subsequent week to reach a final dose level. In the dose
expansion cohort, vatalanib was started on day 8 in the
first cycle and then given continuously at a dose of
250 mg bid.
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Patient evaluation

Patients were monitored continuously throughout the study. A
complete history and physical examination was done prior to
each cycle, and complete blood count and blood chemistries
were done prior to each cycle and weekly during each cycle
for the first two cycles. Imaging such as a computed tomography
scan or magnetic resonance imaging was done at base-line and
every six weeks for the evaluation of efficacy using the Modified
Response Evaluation Criteria in Solid Tumors (RECIST version
1.0) criteria [37]. In addition to a baseline scan, confirmatory
scans were obtained at least four weeks following initial docu-
mentation of objective response. Patients were followed for a
maximum of 3 months after completing treatment.

Results
Patient characteristics

A total of 29 patients with advanced solid tumors were en-
rolled in the study, with 9 patients in the dose escalation por-
tion and 20 in the dose expansion portion. The median age
was 60 years (range from 42 to 84 years). Thirty-four percent
of patients were male; all had an ECOG performance status of
0-2. Additional patient demographics and pretreatment char-
acteristics are summarized in Table 2.

Dose-limiting toxicity and maximum tolerated dose

All 29 patients were evaluable for DLT assessment. Eight DLT
events were observed among two patients from Cohort I at

Table 2  Patient characteristics

Overall Cohort | MTD
Age, median(range) 60 (42,84) 66 (49.84) 56 (42,69)
Gender
Female 19 (65.5%) 7 (77.8%) 12 (60%)
Male 10 34.5%) 2(222%) 8 (40%)
Race
White 26 (89.7%) 8(88.9%) 18 (90%)
Black or African American 2 (6.9%) 2 (10%)
Asian 1 (3.4%) 1 (11.1%)
Performance Score
0 15(51.7%) 3 (33.3%) 12 (60%)
1 13 (44.8%) 5 (55.6%) 8 (40%)
2 1 (3.4%) 1(11.1%)
Prior Treatments
Radiation Therapy 13 (44.8%) 3 (33.3%) 10 (50%)
Surgery 11 37.9%) 6 (66.7%) 5 (25%)
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dose level 1, including grade 4 thrombocytopenia, grade 3
febrile neutropenia, anorexia, constipation and dehydration.
The dose was therefore de-escalated to dose level — 1, where
no DLT’s were observed. The MTD was defined as 250 mg
(dose level — 1) of vatalanib orally twice daily continuously
combined with 500 mg/m? of pemetrexed disodium on day 1.
Twenty patients were further treated at the MTD in the dose
expansion cohort.

Safety and tolerability

All 29 patients were evaluable for safety analysis. The most
common side effects (of all grades) of the combination were
fatigue (75%), nausea (66%), vomiting (48%), mucositis oral
(31%) and diarrhea (28%). The vast majority of these toxicities
were Grade 1-2. Three patients experienced grade 4+ adverse
events at least possibly related to treatment. As described above,
two patients from Cohort I, dose level 1 experienced grade 4
thrombocytopenia. One patient from the MTD cohort experi-
enced grade 4 neutropenia. Two patients from Cohort I, dose
level 1 and 11 patients from the MTD cohort, for a total of 13
patients experienced grade 3 or greater toxicity. These included
neutropenia, thrombocytopenia, headache, lymphopenia, hemo-
lysis, constipation, febrile neutropenia, increased alanine amino-
transferase, gait abnormalities, fatigue, dehydration, anorexia,
nausea, vomiting and diarrthea. A summary of the toxicities
during cycle 1 and all cycles is provided in Table 3.

Preliminary antitumor activity

The tumor responses were assessed according to the RECIST
(version 1.0) criteria. Overall, 2 patients (6.9%) had partial
responses, 17 (58.6%) had stable disease, 5 had progressive
disease (17.2%) and 5 went off study before disease assess-
ment (Table 4).

Out of the 17 patients who had stable disease as their best
response, three patients had stable disease for 10 or more cycles,
one patient had stable disease for 9 cycles, two patients had
stable disease for 6 cycles, two patients had stable disease for
4 cycles, and 11 patients had stable disease for 3 or less cycles.

Discussion

The VEGF A ligand inhibitor bevacizumab is an anti-
angiogenic agent that has now been approved in combination
with standard chemotherapy for patients with metastatic colo-
rectal cancer [26, 27, 29, 30], recurrent/advanced NSCLC [28,
31], advanced cervical cancer [32], and advanced ovarian can-
cer [33-36], although its effectiveness is limited and lower
than expected, especially in end-stage tumors. It is believed
that there is multilevel cross-stimulation among targets along
several pathways of signal transduction that lead to
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Table 3  Summary of toxicities
Toxicity All (%) Grade 1-2 Grade 34
N=29 (%) (%)
General
Fatigue 22 19 (65.5) 3(10.3)
(75.-
9)
Lymphatics
Edema 324) 324 0
Hemorrhage
Epistaxis 134 134 0
Petechiae 134) 134 0
Bronchopulmonary 134 134 0
hemorrhage
Gastrointestinal
Diarrhea 8(27.6) 7(24.1) 134
Anorexia 17 16 (55.2) 1 (3.4)
(58.-
6)
Nausea 18 16 (55.2) 2(6.9)
(62.-
1)
Vomiting 14 13 (44.8) 134
(48.-
3)
Mucositis 9(31.0) 9(31.0) 0
Skin
Rash 4(17.2) 4(17.2) 0
Alopecia 3(10.3) 3(10.3) 0
Nail changes 134) 134 0
Renal
Proteinuria 2(6.9) 2(6.9) 0
Hematological
Anemia 3(10.3) 3(10.3) 0
Neutropenia 5(17.2) 134 4(13.8)
Thrombocytopenia 7(24.1) 4 (13.8) 3(10.3)
Leukopenia 4(13.8) 2(6.9) 2(6.9)
Febrile Neutropenia 1(148) 134 0
Liver
ALT elevation 5(17.2) 4 (13.8) 1(34)
AST elevation 6 (20.7) 6(20.7) 0
Alkaline phosphatase 7 (24.1) 6(20.7) 1(3.4)
elevation
Bilirubin elevation 134) 134 0
Neurological
Headache 3(10.3) 2(6.9) 134
Dizziness 2(6.9) 2(6.9) 0
Peripheral sensory 3(10.3) 3(10.3) 0
neuropathy
Cardiovascular
Hypertension 7(24.1) 724.1) 0

malignancy. Thus, a single agent with multiple targets may
provide a more complete therapeutic benefit in combination
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Table 4 Tumor responses

Best Response Total
PR SD* PD Missing —
N(%) N(%) N(%) N(%) N
Primary tumor site Cohort Dose Level - - 1 - 1
Colorectal cancer I -1
1 - - - 1 1
MTD MTD - 1 - 1 2
Liver and hepatobiliary cancer I 1 - 1 - - 1
Germ cell neoplasm, miscellaneous MTD MTD — — 1 1
Head and neck neoplasm, miscellaneous MTD MTD - - 1 - 1
Lung, mediastinal and pleural neoplasm, MTD MTD - 1 - - 1
miscellaneous
Non-small cell lung cancer I -1 2 1 3
1 1 - - 1
MTD MTD 2 8 1 1 12
Small cell lung cancer MTD MTD - 1 - - 1
Metastases, distant (excluding specified I -1 - - - 1 1
site of origin)
Prostate cancer MTD MTD - 1 - - 1
Non-rhabdomyosarcoma soft tissue sarcoma I -1 - - 1 - 1
MTD MTD - 1 - - 1
Total 2(6.9) 17(58.6) 5(17.2) 5(17.2) 29

*SD: 2 patients had stable disease as their best response for 4 cycles
2 patients had stable disease as their best response for 6 cycles
1 patient had stable disease as their best response for 9 cycles

3 patients had stable disease as their best response for 10 or more cycles

with chemotherapy. Angiogenesis involves signaling via re-
ceptor tyrosine kinases that include the VEGFRs and
PDGFRs [38, 39]. The antitumor activity of single-agent
vatalanib in vitro has been observed as a selective inhibitor
of all VEGFRs and a PDGFR/kit inhibitor with anti-
proliferation and anti-angiogenic properties [6, 7].

An attempt in the current study was made to combine a
standard regimen of pemetrexed disodium with vatalanib.
However, there were 8 DLTs at dose level 1. The MTD for
vatalanib combined with pemetrexed is 250 mg orally twice
daily. In phase I/II clinical trials, vatalanib doses ranging from
50 to 2000 mg once daily and 150 to 1000 mg administered
twice daily (BID) have had manageable side effects. The rec-
ommended vatalanib dose combined with chemotherapy in
phase III was 1250 mg once daily and the recommended sin-
gle agent dose for administration of vatalanib is 750 mg BID
[12, 40, 41]. Because the biologic half-life of vatalanib is
between 3 and 6 h [12], the twice-daily schedule of vatalanib
may have contributed to a positive impact on OS [8, 12]. This
is in contrast to the established long half-life of the monoclo-
nal antibody bevacizumab. One possible reason for the lower
MTD in the current study is that there was a relatively less
tolerance with heavily pretreated patient population enrolled
in the study. In addition, VEGF receptors are present on bone
marrow progenitor cells [42] and the possible synergistic he-
matologic toxicity with pemetrexed disodium may explain the
inability to escalate the vatalanib dose in this combination.
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The majority of adverse events were fatigue, nausea,
vomiting, mucositis and diarrhea. It is noteworthy that angio-
genesis inhibitors do not all have similar adverse event profiles.
Bevacizumab in combination with pemetrexed disodium in
NSCLC demonstrated an increase in hypertension, bleeding
and proteinuria compared with pemetrexed disodium alone
[43, 44]. This difference in toxicity profiles may be important
for patients who have a contraindication to one antiangiogenic
agent and potentially allow the use of another drug in this class.

While preliminary anti-tumor activity is seen in the current
study in non-small cell lung cancer (NSCLC) in particular, it is
unclear if vatalanib added any additional efficacy to the com-
bination. This is because single-agent treatment with
pemetrexed results in a response rate of 9.1% and a median
survival of 8.3 months in patients with recurrent NSCLC [20].
A number of trials assessing VEGF tyrosine kinase inhibitors
in combination with chemotherapy have been done in
NSCLC, including cediranib/carboplatin/paclitaxel, sorafe-
nib/carboplatin/paclitaxel, sorafenib/gemcitabine/cisplatin,
motesanib/carboplatin/paclitaxel, nintedanib/docetaxel, van-
detanib/docetaxel, vandetanib/pemetrexed, and pemetrexed/
pazopanib, and none of them demonstrated a superior efficacy
to chemotherapy alone [45-55]. In a recent review, Crino et al.
described several possible explanations for this observation.
First, agents may not effectively combat the redundancy of
angiogenic pathways. Owing to the structural similarities of
tyrosine kinases most small-molecule TKIs have inhibitory



Invest New Drugs (2019) 37:658-665

663

activity over a range of receptors. However, other than
nintedanib, no agents with inhibitory potency over all sub-
types of VEGFR, PDGFR and FGFR have been tested in a
phase III trial. Secondly, the TKIs tested to date may not
completely inhibit signaling via their target receptors [56]. It
is possible that agents with more favorable pharmacological
profiles may be effective at completely abrogating, rather than
downregulating, signaling via proangiogenic pathways.
Finally, owing to the highly heterogeneous nature of
NSCLC, it is probable that certain patients are more likely to
respond to antiangiogenic agents than others [57]. In this case,
predictive biomarkers for antiangiogenic agents are urgently
required to select specific subgroups of patients who are more
likely to respond and are a focus of intensive research.

In summary, the combination of vatalanib with pemetrexed
disodium was not well tolerated, and had only limited effica-
cy. Thus, this combination should not be developed further
unless predictive biomarkers can be identified.
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