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CLINICAL STUDY

Phase II trial of triple tyrosine kinase receptor inhibitor
nintedanib in recurrent high-grade gliomas
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Abstract Bevacizumab is FDA-approved for patients
with recurrent GBM. However, the median duration of
response is only 4 months. Potential mechanisms of resis-
tance include upregulated FGF signaling and increased
PDGF-mediated pericyte coverage. Nintedanib is an oral,
small-molecule tyrosine kinase inhibitor of PDGFR o/f,
FGFR 1-3, and VEGFR 1-3 that may overcome resistance
to anti-VEGF therapy. This was a two-stage phase II trial in
adults with first or second recurrence of GBM, stratified by
prior bevacizumab therapy (ClinicalTrials.gov number
NCTO01380782; 1199.94). The primary endpoint was PFS6
in the bevacizumab-naive arm (Arm A) and PFS3 in the
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post-bevacizumab arm (Arm B). Up to 10 anaplastic gli-
oma (AG) patients were accrued to each arm in exploratory
cohorts. Twenty-two patients enrolled in Arm A and 14 in
Arm B. Arm A included 12 GBMs (55 %), 13 patients with
one prior regimen (59 %), and median age 54 years (range
28-75). Arm B included 10 GBMs (71 %), one patient with
one prior regimen (7 %), and median age 52 years (range
32-70). Median KPS overall was 90 (range 60—100). There
were no responses. In Arm A (GBM only), PFS6 was 0 %,
median PFS 28 days (95 % CI 27-83), and median OS
6.9 months (3.7-8.1). In Arm B (GBM only), PFS3 was
0 %, median PFS 28 days (22-28), and median OS
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2.6 months (1.0-6.9). Among AG patients in each arm,
PFS6 was 0 %. Treatment was well tolerated. In conclu-
sion, nintedanib is not active against recurrent high-grade
glioma, regardless of prior bevacizumab therapy.

Keywords High-grade glioma - Nintedanib -
Anti-angiogenic therapy

Introduction

The prognosis for patients with recurrent high-grade glio-
mas (HGG) remains poor despite advances in surgery,
radiation therapy, and chemotherapy. Among patients with
recurrent glioblastoma (GBM) who receive bevacizumab,
the radiographic response rate is 28—-38 %, and the 6-month
progression-free survival (PFS6) rate is 29-50 % [1, 2].
These figures are superior to those reported in the pre-
bevacizumab era, but any impact of bevacizumab on
overall survival (OS) in this population remains contro-
versial [3], with most data indicating that median OS is
approximately 9 months [1, 2]. Tumors inevitably progress
during bevacizumab therapy, and when they do, treatment
is rarely effective. Among patients with recurrent HGG
who were treated with bevacizumab and cytotoxic che-
motherapy, continuation of bevacizumab and changing to
another chemotherapy agent at recurrence both resulted in
a median PFS of only 6 weeks [4]. Among patients with
recurrent GBM treated with bevacizumab monotherapy,
adding irinotecan at recurrence offered no advantage [2].

Recent studies have investigated the potential mecha-
nisms of resistance to bevacizumab. An increase in levels
of serum basic fibroblast growth factor (bFGF) was
observed in patients treated with the vascular endothelial
growth factor receptor (VEGFR) inhibitor cediranib [5],
which may indicate that the FGF pathway promotes tumor
revascularization in the setting of persistent anti-angio-
genic therapy. Preclinical data suggest that dual VEGFR
and platelet-derived growth factor receptor (PDGFR)
inhibition reduces resistance to anti-angiogenic therapy [6],
perhaps because PDGF signaling facilitates pericyte-
endothelial cell interactions that stabilize the neovascula-
ture [7].

Nintedanib is an oral, small-molecule tyrosine kinase
inhibitor of PDGFR o/f, FGFR 1-3, and VEGFR 1-3 that
may overcome the problem of resistance to prior anti-
VEGEF therapy [8]. In order to evaluate this hypothesis, we
conducted a phase I, single arm, open label clinical trial in
adult patients with first or second recurrence of GBM,
stratified by prior treatment with bevacizumab. Before this
study was complete, negative results from a similar trial
conducted in Denmark were published [9].

@ Springer

Patients and methods
Study design and treatment

This was a phase II, single arm, open label clinical trial of
nintedanib in patients with recurrent or progressive GBM
(ClinicalTrials.gov number NCT01380782; 1199.94). Par-
ticipants treated on the trial were stratified into Arm A
(bevacizumab-naive) and Arm B (bevacizumab-treated). In
Arm A, efficacy was measured by PFS6, and in Arm B, by
PFS3. Secondary objectives in both arms included OS,
radiographic response rate, time-to-progression, and safety.
An exploratory subgroup in each arm had recurrent ana-
plastic glioma (AG).

All subjects received nintedanib 200 mg twice a day by
mouth until disease progression or unacceptable adverse
event. Treatment was administered in 28-day cycles. Subjects
had weekly blood pressure measurement during Cycles 1 and
2. Physical and neurologic examinations were performed
every 4 weeks, and brain MRI scans obtained every 8 weeks.
Responses were assessed according to the Response Assess-
ment in Neuro-Oncology (RANO) criteria [10].

Eligibility criteria

The research was approved by the local institutional review
boards, and informed consent was provided by all partici-
pants. Patients were at least 18 years old with Karnofsky
performance status of 60 or higher. They had histologically
confirmed high-grade glioma with unequivocal evidence of
progression and had received treatment for no more than 2
prior relapses. At least 2—6 weeks had elapsed from pre-
vious anti-tumor therapy, depending on the specific agent.
For patients in Arm B, at least 3 weeks had elapsed from
prior bevacizumab therapy. Patients had no prior therapy
with an inhibitor of VEGF, VEGFR, PDGFR, or FGFR,
except in Arm B, where previous bevacizumab was per-
missible. All participants were required to have adequate
bone marrow and organ function. Exclusion criteria
included use of warfarin or enzyme-inducing anti-epileptic
drugs within 14 days, evidence of recent hemorrhage on
baseline MRI of the brain, and uncontrolled hypertension,
recent surgical procedure, or medical illness that would
increase the risk of nintedanib therapy.

Treatment modifications

Adverse events were assessed using the common termi-
nology criteria for adverse events version 4.0. Nintedanib
dose modification was required if patients developed evi-
dence of hepatic toxicity or severe or unmanageable
hypertension. Dose modification was permitted at the
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investigator’s discretion for other grade 2 adverse events,
and it was required for other grade 3 or higher adverse
events. Dose reductions to 150 and 100 mg twice a day
were permitted. If a dose reduction below 100 mg twice a
day was needed, participants stopped study therapy.

Statistical considerations

Arm A was designed to discriminate between a 36 and
55 % PFS6 rate, with alpha error of 0.075 and beta error
0.2. This arm employed a Simon optimal two-stage design
[11], with up to 14 GBM patients accrued in Stage 1. The
probability of early termination if the drug was ineffective
was 61 %.

Arm B was designed to discriminate between a 20 and
40 % PFS3 rate, with alpha error of 0.075 and beta error
0.2. This arm also employed a Simon optimal two-stage
design [11], with up to 11 GBM patients accrued in Stage
1. The probability of early termination if the drug was
ineffective was 62 %.

Descriptive statistics were used to summarize results.
The Kaplan—Meier technique was used to estimate PFS and
OS. Ninety-five percent confidence intervals (95 % CI)
were calculated for all point estimates.

Results
Patient characteristics

Patient characteristics are presented in Table 1. There were
22 patients in Arm A and 14 in Arm B. The median age
was typical for high-grade glioma studies, 54 years in Arm
A and 52 years in Arm B. Overall there were 18 men and
18 women, with 7 men and 15 women in Arm A. Median
KPS was 90 in both arms. Arm A included 12 GBMs, and

Table 1 Patient characteristics

Patient characteristic Arm A Arm B
N=22 N=14
N (%)
Median age, years 54 52
Age range, years 28-75 32-70
Male:female ratio 7:15 11:3
Median KPS score 90 90
KPS range 60-100 60-100
Histology
GBM 12 (55) 10 (71)
AG 10 (45) 4 (29)
Prior chemotherapy regimens
1 13 (59) 1(7)
2+ 9 (41) 13 (93)

Arm B included 10 GBMs. An exploratory subgroup of
Arm A included 10 AGs, and an exploratory subgroup of
Arm B included 4 AGs. In Arm A, 13 (59 %) patients had
been treated for one prior recurrence and 9 (41 %) patients
for two prior recurrences. In Arm B, all but one patient had
been treated for two prior recurrences.

Adverse events

Treatment was generally well tolerated (Table 2). The most
common adverse events included mild diarrhea, nausea,
vomiting, abdominal pain, and elevated alanine amino-
transferase levels. Serious adverse events (grades 3-5) that
were judged at least possibly related to nintedanib included

Table 2 Adverse events at least possibly related to nintedanib

Grade 1 2 3 4 5

Arm A B A B A B A A
Adverse event Number of events (of worst
grade per patient)
N = 36 patients

1 - - — -

2 2 - 2 2 - -

Abdominal pain
Alanine aminotransferase increased

Alkaline phosphatase increased
Anorexia

—_— N = W W

Aspartate aminotransferase
increased

Colonic perforation - - - - - -1 1
Constipation
Creatinine increased

Diarrhea

—_— =N
w
—_
—_
|
|
|
|

Dizziness

|
—_
|
|
|
|
|
|

Duodenal hemorrhage

Dysgeusia 1 - - - - - - _

Dyspepsia

Dysphasia - -1 - - - - -

Fatigue 2 2

Hoarseness -1 - - - - - _
2

Hypertension -

4
Hypophosphatemia - -2 - 3 - - _-
Intracranial hemorrhage - -1
Lymphocyte count decreased - -1
Muscle weakness - - 1
Myalgia 1 - - - - - - -
Nausea 4 3 - 1 - - - -
Neutrophil count decreased 1 - - - - - - -
Rash maculo-papular - - 1 - - - - _Z
Thromboembolic event - - - - - - -1
Vomiting 4 1 - 1 - - - -
Weight loss 1 - 1 - - - - _
White blood cell count decreased - - 1 - - — — -

@ Springer



300

J Neurooncol (2015) 121:297-302

A 100 1
90 1
80 1
70 1
60 1

50 1

Percent

40 7

30 1

20 1

10 1

01 2 3 4 5 6 7 8 9 10 11
Months

B 100 1
90 1
80
70 1
60 1

50 1

Percent

40 1

30 1

20 1

101 -

i
S
0123 456 7 8 910111213 1415
Months

Fig. 1 Kaplan-Meier curves showing progression-free (dashed line) and overall survival (solid line) for the evaluable GBM patients in Arm A

(a) and Arm B (b)

abdominal pain (n = 1), reversible transaminase elevation
(n = 8), hypertension (n = 1), hypophosphatemia (n = 3),
intracranial hemorrhage (n = 1), colonic perforation
(n = 2), and pulmonary embolism (n = 1). There were two
deaths during treatment, one due to pulmonary embolism and
one due to colonic perforation. Both occurred in Arm A.

Responses and survival

There were no radiographic responses in either arm. In Arm
A,4 GBM patients (33 %) achieved stable disease. In Arm B,
one GBM patient (10 %) achieved stable disease. The
median and maximum duration of stable disease were
28 days in each arm. Among the patients with GBM in Arm
A, PFS6 was 0 %, median PFS 28 days (95 % CI 27-83),
and median OS 6.9 months (95 % CI 3.7-8.1). Among the
patients with GBM in Arm B, PFS3 was 0 %, median PFS
28 days (95 % CI22-28), and median OS 2.6 months (95 %
CI 1.0-6.9). The survival data are summarized in Fig. 1.

Among AG patients in Arm A, 4 (40 %) patients
achieved stable disease. PFS6 was 0 %, median PFS
28 days (95 % CI 27-73), and median OS 11.3 months
(95 % CI 2.7-14.6). Among AG patients in Arm B, one
(25 %) patient achieved stable disease. PFS3 was 0 %,
median PFS 36 days (95 % CI 28-56), and median OS
7.3 months (95 % CI 1.4-18.1).

Discussion

In this phase II study of adults with first or second recur-
rence of GBM, nintedanib therapy failed to prolong PFS6

@ Springer

in bevacizumab-naive patients or PFS3 in patients whose
tumors had progressed despite bevacizumab. No radio-
graphic responses were observed on MRI in either arm.
Although the study was not powered to demonstrate benefit
in AG patients, these patients also fared poorly. Overall,
the study population was typical of recurrent high-grade
glioma studies. Participants had unremarkable demo-
graphic and performance status characteristics, and the
Arm A patients had been treated with no more than 2 prior
regimens.

Unfortunately, the results indicate that nintedanib is not
active in treating patients with recurrent high-grade glioma,
regardless of prior bevacizumab therapy. The findings are
consistent with another recent study of nintedanib for
recurrent GBM patients in which enrollment was termi-
nated early because of futility [9]. Other small-molecule
inhibitors of VEGFR and PDGFR have been studied
recently in GBM patients with similarly disappointing
findings. Examples include cediranib [12], sunitinib [13],
and sorafenib [14, 15].

Nintedanib is the first agent with activity against
VEGFR, PDGFR, and FGFR to be studied in recurrent
glioma patients. The negative results are unexpected in
light of compelling pre-clinical evidence that FGFR sig-
naling has a role in glioma growth and invasion that is both
dependent and independent of angiogenesis [16]. There are
multiple potential explanations that should be considered.
Perhaps most likely is the possibility that the anti-angio-
genic effect of nintedanib is insufficiently potent in GBM
patients, in comparison for example to bevacizumab. In
bevacizumab-treated patients with recurrent GBM, the
response rate is in the range of 28-38 % and PFS6
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approaches 50 % [1]. Cediranib, an oral inhibitor of
VEGFR and PDGFR, has a response rate in the range of
15 % and median PFS of approximately 90 days [12],
compared to 0 % and less than 30 days for nintedanib,
respectively. This hypothesis might also account for the
very low rates of class-related adverse effects seen here,
including hypertension, proteinuria, and hemorrhage.

Another reasonable consideration is that PDGFR and
FGFR may not be critical mediators of resistance to anti-
VEGEFR signaling in vivo, or that they are not inhibited
with sufficient potency to achieve the needed pharmaco-
dynamic effect. The latter seems doubtful in light of
in vitro studies which indicate that the target receptors are
all inhibited by nintedanib in low nanomolar concentra-
tions [8]. The recommended dose for phase II monotherapy
studies based on two phase I monotherapy studies in
patients with advanced cancer is 200 mg twice a day [17,
18], the same dose that was used here. Because of the
favorable adverse event profile, few patients in the current
study required dose reductions that might have compro-
mised efficacy. The relatively small number of target-
related adverse effects observed could suggest that the
recommended phase II dose is too low, although this dose
has proven effective in patients with recurrent non-small
cell lung cancer [19].

Proprietary data indicate that nintedanib does not sig-
nificantly cross the blood-brain barrier (Investigator’s
Brochure U03-1563). It is generally accepted that anti-
angiogenic agents may function entirely, or nearly so, in
the endothelial compartment outside the blood-brain bar-
rier [20, 21]. Because much of the benefit of anti-VEGF
therapies relates to reduced vascular permeability, blood—
brain barrier penetration may not offer additional benefit.
The same could be said of the anti-VEGFR activity of
nintedanib, but it is also plausible that PDGFR and FGFR
inhibition must happen at the level of infiltrating glioma
cells and not just endothelial cells in order to effectively
limit tumor invasion. In addition, nintedanib is a substrate
of P-glycoprotein, a drug efflux pump that likely contrib-
utes to drug resistance in glioma cells [22].

The observation of two deaths during therapy warrants
comment. Both patients who died were in Arm A and
succumbed to complications that have been associated with
anti-angiogenic therapies, pulmonary embolism [23] and
intestinal perforation [24]. The low patient numbers here
preclude definitive attribution of the events to nintedanib.
The relatively small numbers of patients who experienced
more common anti-angiogenic therapy-related adverse
events such as hypertension, proteinuria, minor bleeding,
and non-catastrophic venous thromboembolism would
suggest that the two possibly treatment-related deaths
occurred by chance. Both venous thromboembolism and
intestinal perforation are known to occur at increased

frequency in patients with high-grade glioma [25], the
latter particularly among patients who are taking
corticosteroids.

Nintedanib is not active in patients with recurrent high-
grade gliomas. In the absence of detailed pharmacokinetic
and pharmacodynamic evaluations, it is not possible to
fully understand the poor outcomes observed in the current
trial.
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