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Abstract

Purpose Dovitinib (TKI258) is an oral multi-tyrosine
kinase inhibitor of FGFR, VEGFR, PDGFR 8, and c-Kit.
Since dovitinib is able to cross the blood—brain barrier and
targets brain tumor-relevant pathways, we conducted a
phase I trial to demonstrate its safety in recurrent glioblas-
toma (GBM).

Patients and methods Patients with first or second GBM
recurrence started treatment with the maximal tolerated
dose (MTD) previously established in systemic cancer
patients (500 mg/d, 5 days on/2 days off). A modified 3 + 3
design in three cohorts (500, 400, 300 mg) was used.
Results Twelve patients were enrolled. Seventy-two
adverse events (AEs) occurred and 16.7 % of AEs were
classified as >CTC grade 3 toxicity, mainly including hepa-
totoxicity and hematotoxicity. Only one out of six patients
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of the 300-mg cohort showed grade 3 toxicity. The PFS-6
rate was 16.7 %, and it was not associated with detection of
the FGFR-TACC gene fusion in the tumor.

Conclusion Dovitinib is safe in patients with recurrent
GBM and showed efficacy in only some patients unselected
for target expression. The recommended phase II dose of
300 mg would be substantially lower than the recently
established MTD in systemic cancer patients. Further per-
sonalized trials are recommended.

Keywords Dovitinib - TKI258 - FGFR - Tyrosine kinase
inhibitor - Recurrent glioblastoma - Phase I trial

Introduction

The malignancy of glioblastoma (GBM) is mediated by its
highly infiltrative nature and the tremendous capacity of
resistance to therapeutic approaches. Most patients experi-
ence progressive or recurrent disease as soon as 7 months
after diagnosis, still under the effect of first-line therapy
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(Chinot et al. 2014; Gilbert et al. 2014). Despite several
available salvage therapies, the median survival time after
first recurrence remains short (8-12 months; Batchelor
et al. 2013; Taal et al. 2014). There is still no universally
accepted standard of care for patients with relapsed GBM
although many trials have been performed in the last dec-
ades. Neurosurgical intervention and/or re-irradiation are
applicable for a subset of patients at the time of relapse.
Neither cytotoxic chemotherapies nor inhibition of signal
cascades with small molecules or antibodies or the combi-
nation of both were able to substantially alter the course of
the disease. Even though median overall survival rates have
shown to increase during the last several years, this may at
least to some extent be due to an improved and embracing
care of patients by specialized neurooncology centers and
palliative services.

The detection of druggable genetic and transcriptional
alterations in cancer serves as a rationale for target-spe-
cific therapies and has changed treatment strategies in
many cancer types such as malignant melanoma, lung can-
cer or renal-cell carcinoma (Chapman et al. 2011; Shaw
et al. 2013; Motzer et al. 2013). For GBM, a multitude of
genomic alterations are known to result in deregulated sig-
nal pathways suitable for the development of molecular-tar-
geted treatment approaches. To date, however, none of the
subsequently derived therapies showed appropriate efficacy
rates in randomized trials. Ongoing exploration of targeted
therapies nevertheless remains a valid approach to iden-
tify potential new treatment strategies for GBM patients,
because some pathways or pathway combinations have still
not been investigated in GBM.

In this context, the oral multi-tyrosine-kinase inhibi-
tor dovitinib (TKI258) could be considered as a promis-
ing compound to treat GBM patients. TKI258 is directed
against several brain tumor-relevant pathways and tar-
gets, namely fibroblast growth factor receptors (FGFR)
1-3, platelet-derived growth factor receptor B, vascular
endothelial growth factor receptors (VEGFR) 1-3, as well
as c-Kit, RET, TrkA, CSF 1R, and FLT3 (Renhowe et al.
2009). Some mono-targeted approaches are already under
investigation in clinical trials. A simultaneous inhibition
of the specified targets of TKI258 could therefore still
lead to new and interesting avenues for the treatment of
GBM.

Dovitinib has been under investigation in many different
solid tumors and demonstrated some activity in advanced
and pretreated cancer stages (Escudier et al. 2014; Motzer
et al. 2014). Since dovitinib was well tolerated and has
shown the capacity to cross the blood-brain barrier, its
application in brain tumor patients is reasonable. Here, we
report the results of a phase I trial of dovitinib in patients
with recurrent glioblastoma.
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Patients and methods
General trial specifications

This was a prospective, open-label, non-randomized, mono-
center, single-arm phase I trial (EudraCT No. 2012-005460-
95; ClinicalTrials.gov: NCT01972750) and approved by the
local ethics committee. All patients gave written consent
before performing any study-related activity. All trial pro-
cedures adhered to the principles of the Declaration of Hel-
sinki and the Guidelines of Good Clinical Practice.

The trial was supported by Novartis Pharma GmbH Ger-
many (internal code: CTKI258ADEOQ2T).

Objectives, endpoints, and statistical analysis

Primary objective was to demonstrate that administration
of two cycles (2 x 28 days) of dovitinib is safe in patients
with relapsed GBM. Secondary objective was to assess pre-
liminary data on activity and toxicity of the given regimen
in patients with relapsed GBM and to establish a recom-
mended dose for a phase II study.

Primary endpoint was safety and tolerability, and was
based on the frequency of dose-limiting toxicities (DLTs).
Secondary endpoints were best tumor response (CR, PR)
according RANO criteria (Wen et al. 2010), overall safety,
disease control rate (CR 4 PR + SD), progression-free sur-
vival rate at 6 months (PFS-6), and overall survival (OS)
after initiation of therapy.

Analyses are descriptive only; therefore, no statistical
rationale had to be explained. The intent-to-treat and safety
population included all enrolled subjects who received at
least one dose of study medication.

Inclusion/exclusion criteria

Adult female and male subjects (age >18 years) with first
or second recurrence of histologically confirmed GBM and
a Karnofsky performance score (KPS) >60 %, ECOG <2,
or WHO <2 were enrolled. Further criteria were:

Prior treatment with radiotherapy and temozolomide was
required, and a maximum of two prior chemotherapies was
permitted. Radiotherapy within 4 weeks prior to the diagno-
sis of progression was prohibited. Patients were required to
have adequate organ function as measured by absolute neu-
trophil count (ANC) >1500/mm?, platelets >100,000/mm?>,
a hemoglobin >9 g/dL, total bilirubin <1.5 x upper limit
of normal (ULN), aspartate/alanine aminotransferase levels
<3.0 x ULN, and serum creatinine < 1.5 x ULN. Resur-
gery before study inclusion was allowed and had to confirm
disease progression histologically. They were not enrolled
if MRI showed evidence of current/active intratumoral
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hemorrhage, the corrected QT-time (QTc) was elongated
(>450 ms in male and >460 ms in female patients), and/or
any impaired cardiac function or clinically significant car-
diac diseases could be confirmed.

Patients with any clinically significant medical or sur-
gical condition, according to investigators’ discretion,
were excluded from participation. A history of myocar-
dial infarction, cerebral stroke, pulmonary embolism, and
untreated deep-vein thrombosis within 6 months prior to
starting dovitinib was not allowed.

Treatment plan

In patients with systemic cancer, the MTD for dovitinib
was already defined (500 mg/d 5 days on/2 days off). To
assess the safety and feasibility of this MTD in brain tumor
patients, we used a modification of the traditional 3 + 3
design. A minimum of six patients should be entered in the
first cohort and followed for two cycles (2 x 28 days) of
dovitinib (500 mg/d 5 days on/2 days off). If >2/6 patients
exhibited DLT during the first two cycles, a new cohort of
six patients would be treated with a reduced dose of dovi-
tinib (400 mg/d 5 days on/2 days off). If >2/6 patients of
this dose-reduced cohort exhibited DLT during the first
two cycles, a new cohort of six patients would be treated
with a further reduced dose of dovitinib 300 mg/d 5 days
on/2 days off. If <2/6 patients of this new cohort showed
DLT, dovitinib 300 mg/d 5 days on/2 days off would be the
recommended phase II dose.

Study procedures

During the first cycle, a visit was scheduled at day 15 with
examination of vital signs, physical and neurological exam-
ination, concomitant medication, KPS, CTCAE (Common
Terminology Criteria for Adverse Events) evaluation, ECG,
laboratory investigation. Regular visits were performed at
the beginning of each cycle (every 28 days). Every 8 weeks
after start of treatment, standard cerebral Gd-MRI (Gad-
olinium-enhanced-MRI) was performed within 5 days
before or after scheduled visit. At MRI visits, patients had a
physical and neurological examination, and evaluations of
KPS, Mini-Mental States, and quality of life. At progres-
sion or discontinuation, a visit for disruption of treatment
was performed. Follow-up visits were intended after with-
drawal every 8—12 weeks until the patient’s death or until
the patient was lost to follow-up.

Complete blood count, CRP, serum chemistry (includ-
ing amylase and lipase), urine analysis, coagulation, and
pregnancy test were performed at least every 28 days at the
beginning of each cycle.

For cardial safety, a 12-lead electrocardiogram and an
echocardiography (ECG, left ventricular function assessed

by 2-D ECG) were performed at baseline, an additional
ECG was obtained during the first cycle and at the end of
treatment.

Safety and dose adjustments

Safety assessments consisted of monitoring and recording
all adverse events and serious adverse events, the regular
monitoring of coagulation, hematology and blood chem-
istry, ECG, echocardiography and spirometry (at study
start), measurement of vital signs, and a physical examina-
tion. All laboratory reports were reviewed by the investiga-
tor. Adverse events (AE) were recorded between the visit
with the first study-related procedure until 30 days after last
study-related procedure (including follow-up) and the rela-
tionship to dovitinib was evaluated. The CTCAE version
4.03 was the reference for assessing the severity of AEs. In
case of intolerability or dose-limiting toxicities, dovitinib
was reduced by one dose level. Reduced dovitinib dosages
could not be re-escalated. Only two dose reductions were
allowed (Suppl Table 1). A dose interruption (regardless of
the reason) lasting >21 days resulted in discontinuation of
the study treatment.

Response assessment and survival calculation

Imaging response and progression was evaluated using the
response criteria defined by the Response Assessment in
Neuro-Oncology Working Group (RANO; Wen et al. 2010)
based on the first MRI after initiation of study treatment.

PFS was defined from first day of dovitinib treatment
to progression or death, and OS from first day of dovitinib
treatment to death. Statistical calculation for median PFS
and median OS with 95 % confidence interval was made
using IBM’s SPSS Statistics software version 22.

Immunohistochemical analysis

Formalin-fixed paraffin-embedded tissue samples were
available from 10/12 patients for post hoc biomarker analy-
sis. After neuropathological routine diagnostics to confirm
diagnosis of GBM additional analysis for this study com-
prised immunohistochemistry with monoclonal antibodies
directed against the fibroblast growth factor 3 (FGFR3).
Two different antibodies were used for potential detection
of the FGFR3 wild type and FGFR3-TACC-fusion protein,
respectively, based on the epitope specificity with the one
directed against a C-terminal epitope (ab137084, dil. 1/50;
Abcam, Cambridge, UK) capable of detecting the wild-
type protein, and the one directed against a N-terminal
epitope (sc-13121, dil. 1/100; Santa Cruz Biotechnology,
Santa Cruz, CA, USA) capable of detecting the fusion pro-
tein (Di Stefano et al. 2015). Immunohistochemistry was
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performed on a Ventana Benchmark XT Immunostainer
(Roche Ventana, Darmstadt, Germany). Antibody labe-
ling was assessed microscopically and scored visually by
an experienced neuropathologist without access to clinical
data (blinded scoring procedure). Tissues were classified
as positive or negative for the respective epitope. Density
of labeled tumor cells were semiquantitatively estimated
as negative (no labeling), low (<30 %), intermediate (30-
70 %), or high (>70 %). Intensity of staining was distrib-
uted in three subgroups as weak positive (14), moderate
positive (24), or strong positive (3+).

RNA extraction and assessment of FGFR-TACC gene
fusion

In order to test for gene fusion of FGFR1/3 and TACC1/3
as a potential molecular mechanism for correlation to treat-
ment response, we performed PCR using patient cDNA
for detection of amplicons spanning the FGFR1/3 and
TACC1/3 gene regions. Only samples with tumor content
>80 % and sufficient RNA quality (A260/A280 >1.7) were
used in this study. Tumor content was determined histo-
logically in FFPE tissue samples before RNA extraction
to avoid contamination by normal tissue, hemorrhage, or
necrosis. Total RNA was extracted from FFPE samples of
our patients (including the two patients who were on treat-
ment for at least 6 months) using the AllPrep® DNA/RNA
kit (Qiagen, Hilden, Germany) according to manufacturers’
instructions. One microgram of total RNA was reversely
transcribed into cDNA using the Invitrogen SuperScript®
III first-strand kit (Thermo Fisher Scientific, Life Technolo-
gies GmbH, Darmstadt, Germany) and random hexamers.
Two microliters of undiluted cDNA was used as template
in a PCR using conditions and primers as described by
Singh and colleagues (2012): As a positive control, we used
the plasmids pcDNA3.1-FGFR3e18-TACC3ell (‘FGFR3-
TACC3-LONG’) and pcDNA3.1-FGFR3e18-TACC3e4
(‘FGFR3-TACC3-SHORT’, kindly provided by Wei
Zhang and David Cogdell, MD Anderson Cancer Center).
As internal control, we amplified the housekeeping gene
GAPDH.

Results
Patient characteristics

Between November 2013 and June 2015, 12 patients with
first (N = 6) or second recurrence (N = 6) of GBM were
enrolled in this trial. One patient had a hemiparesis due
to infarction following primary surgery and was enrolled
despite a KPS score of 60 %. Detailed patient characteris-
tics are given in Table 1 and Supplementary Table 2.
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Table 1 Patients’ characteristics

All patients N=12
Age—years
Median (range) 53 (41-73)
Sex—N
Female
Male 8
Histology—N
Glioblastoma 7
Gliosarcoma
Secondary glioblastoma
KPS at study baseline
Median (range) 90 (60-100)
MGMT methylation status—N
Methylated
Unmethylated 7
Not determined
Number of relapse—N
First 6
Second 6
Prior therapies—N
Surgery 15
Radiotherapy 12
Temozolomide 14
Lomustine 2

Bevacizumab

KPS Karnofsky performance scale, MGMT methyl-guanine-methyl-
transferase

Safety and toxicity evaluation

A total of 33 treatment cycles were initiated. We
observed 72 adverse events in 11 patients that were
classified as related (possibly, probably, or definitely)
to study treatment. Six out of 13 serious adverse events
were evaluated as possibly caused by dovitinib. No
SUSAR (suspected unexpected severe adverse reaction)
occurred. The most common adverse events in our trial
were fatigue, increased liver enzymes, diarrhea, and gen-
eral discomfort. The overall rate of >CTC grade 3 toxic-
ity was 16.7 % and mainly restricted to increased liver
enzymes, hematotoxicity, and one deep-vein thrombo-
sis. Surprisingly, the spectrum and frequency of adverse
events in our brain tumor population differed markedly
from patients with systemic tumors as described in the
current Investigators Brochure (IB). The so far most
common adverse events of dovitinib were observed only
to a small extent in our patient population: diarrhea 33.3
versus ~68 %, nausea 25 versus ~67 %, vomiting 8.3 ver-
sus ~60 %. As expected, fatigue occurred in half of our
patients. In contrast to previous trials, a higher rate of
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Table 2 Adverse events classified as related (possibly, probably, or definitely) to study treatment (total N = 72)
AE-term Patients with AE No. of AEs
N (%)

Grade 1 Grade 2 Grade 3 N (%) Grade 4 All grades

N (%) N (%) N (%) N (%)
Diarrhea 4(33.3) 34.2) 2(2.8) 5(6.9)
Nausea 3(25) 2(2.8) 2(2.8) 4 (5.5)
Vomiting 1(8.3) 1(1.4) 1(1.4)
Fatigue 6 (50) 2(2.8) 6(8.3) 8 (11.1)
Decreased appetite 1(8.3) 1(1.4) 1(1.4)
ASAT increased 2 (16.7) 1(1.4) 1(1.4) 2(2.8)
ALAT increased 6 (50) 2(2.8) 2(2.8) 4(5.5) 8(11.1)
AP increased 4(33.3) 4(5.5) 1(1.4) 5(6.9)
GGT increased 4(33.3) 1(1.4) 4(5.5) 34.2) 8(11.1)
LDH increased 1(8.3) 1(1.4) 1(1.4)
Lipase increased 1(8.3) 1(1.4) 1(1.4)
WBC decreased 1(8.3) 1(1.4) 1(1.4)
Neutropenia 2 (16.7) 1(1.4) 1(1.4) 2(2.8)
Lymphopenia 1(8.3) 1(1.4) 1(1.4)
Thrombopenia 2 (16.7) 1(1.4) 1(1.4) 1(1.4) 34.2)
Urea increased 1(8.3) 1(1.4) 1(1.4)
Lung infection 2(16.7) 2(2.8) 2(2.8)
Urinary tract infection 1(8.3) 1(1.4) 1(1.4)
Seizure 2 (16.7) 1(1.4) 1(1.4) 2(2.8)
Headache 3(25) 34.2) 34.2)
Deep-vein thrombosis 1(8.3) 1(1.4) 1(1.4)
Depression 1(8.3) 1(1.4) 1(1.4)
Gait disturbance 1(8.3) 1(1.4) 1(1.4)
General disorders 4 (33.3) 2(2.8) 2(2.8) 4(5.5)
Pleural effusion 1(8.3) 2(2.8) 2(2.8)
Fall 1(8.3) 1(1.4) 1(1.4)
Insomnia 1(8.3) 1(1.4) 1(1.4)
Mycosis 1(8.3) 1(1.4) 1(1.4)

No CTC grade 5 toxicity was observed

AE adverse event, ASAT aspartate aminotransferase, ALAT alanine aminotransferase, AP alkaline phosphatase, GGT y-glutamyltransferase, LDH

lactate dehydrogenase, WBC white blood cell

hepatotoxicity detected by elevated liver enzymes (ALAT
50 vs. ~22 %; AP 33.3 vs. ~16 %; GGT 33.3 vs. ~9 %)
and a higher rate of hematotoxicity detected by decreased
neutrophil count (16.7 vs. ~5 %) and decreased platelet
count (16.7 vs. ~10 %) were observed. Table 2 summa-
rizes the observed adverse events classified as related to
study treatment.

According to the primary objective, we observed 66
AEs during the administration of two cycles of dovitinib
including an extra observation period of 30 days. Some of
these AEs were evaluated as DLT (Table 3). Since the first
two patients of cohort I (500 mg) and two of four patients
of the cohort II (400 mg) exhibited a DLT during the first
two cycles, another cohort of patients (III) with 300 mg
was enrolled. Only one out of six patients of this cohort

developed a DLT. Beyond the second treatment cycle, no
DLTs were observed. Therefore, treatment with dovitinib
in recurrent GBM patients appears to be safe and toler-
able when applied in the lower dosage of 300 mg (5 days
on/2 days off per week). The recommended dovitinib dose
for a phase II brain tumor trial therefore is 300 mg (5 days
on/2 days off).

Response and survival

Radiographic response on the first MRI control 8 weeks
after study inclusion was assessed in 11/12 patients. One
patient was discontinued from therapy due to significant
clinical deterioration rejecting further MRIs. None of the
patients had complete or partial response. Four patients
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Table 3 Patients with adverse events (> CTC grade 3) classified as related (possibly, probably, or definitely) to study treatment

Study cohort ~ Pt-ID  ALAT increased ~ GGT increased =~ WBC decreased ~ Neutropenia ~ Thrombopenia  Deep-vein thrombosis
I 1 (500 mg)?* 1 (500 mg)®
I 2 1 (500 mg)* 1 (500 mg)
1 (400 mg)* 1 (400 mg)
I 3 1 (400 mg)
I 4 1 (400 mg)* 1 (400 mg)
I 5
1I 6 1 (400 mg) 1 (400 mg)*
111 7
III 8
11T 9
11 10 1 (300 mg)
I 11
I 12

Adverse events (>CTC grade 3) predominantly occurred in study cohorts I and II, or the dosage level 500 mg and 400 mg, respectively

ALAT Alanine aminotransferase, GGT y-glutamyltransferase, WBC white blood cells

4 DLT Dose-limiting toxicity

b Adverse event which lead to discontinuation of study treatment because anticoagulation was needed (decision of the manufacturer)

achieved stable disease, and seven patients had progressive
disease on first MRI after study inclusion.

The median PFS after the initiation of dovitinib treat-
ment was 1.8 months (95 % CI 1.7-1.9 months). Two
patients were progression-free after 6 months (PFS-6
16.7 %). The median OS since initiation of dovitinib treat-
ment was 9.5 months (95 % CI 2.6-16.4 months).

Biomarker analysis (FGFR3 and FGFR3-TACC3
expression)

Since it is known that only a small subset of glioma patients
contains a FGFR-TACC-fusion protein and benefits from
a FGFR-directed targeted therapy (Di Stefano et al. 2015;
Singh et al. 2012; Tabernero et al. 2015), we analyzed our
patients’ cohort for this potential biomarker.

Ten out of ten patients including the two patients who
showed a comparably long PFS under TKI258 showed posi-
tive immunolabeling results with the C-terminal-directed
FGFR3 antibody in the tumor cells, indicating FGFR3 wild
type and probably the usual expression levels in GBMs.
Distribution of immunopositive tumor cells varied from <30
to >70 % while intensity was weak to strong (Fig. la—c).
Since FGFR3 is expressed in normal brain tissue, some neu-
rons and glial cells were observed immunopositive as well.

Interestingly, neither the labeling with the N-terminal
directed FGFR3 antibody, suitable to detect the FGFR3-
TACC-fusion protein, nor PCR analysis for FGFR-TACC
gene fusion showed a positive signal in the investigated
patients, in particular in the two patients who were on treat-
ment for at least 6 months (for FGFR3-TACC3 see Fig. 1d).
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Discussion

This phase I trial showed that dovitinib is a safe and
a (clinically) feasible treatment in patients with recur-
rent GBM. However, the spectrum and frequency of side
effects differed between our brain tumor patients and the
recently described patients with systemic tumors. Our rec-
ommended phase II dose of 300 mg would be substantially
lower than the recently established MTD (500 mg) in sys-
temic cancer patients. Moreover, with a PFS-6 of ~17 %,
the molecular-targeted compound dovitinib showed only
moderate efficacy at best, but in a population not profiled
for their putative responsiveness to a molecular-targeted
therapy and in a setting of a phase I trial.

The reason for the different toxicity profiles in our
cohort remains unclear. One explanation could include
the different pretreatment regimes applied in brain tumor
patients compared to patients with systemic cancers. Temo-
zolomide is widely administered in patients with GBM.
Brain tumor patients were excluded from previously pub-
lished trials with dovitinib. Regarding the observed adverse
events in our trial, one might speculate that temozolomide
followed by dovitinib results in a higher risk of hepatotox-
icity and hematotoxicity. Importantly, although dovitinib is
able to cross the blood—brain barrier, we did not observe
increased CNS toxicity in our cohort, e.g., a higher fre-
quency of seizures or alterations in patients’ consciousness.

The overall efficacy of dovitinib was limited and not
encouraging in our trial. However, it is important to note
that assessing preliminary data on efficacy of the given
regimen was not the primary objective of our phase I trial
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and should therefore not be overrated. Nevertheless, two
patients were on treatment for at least 6 months, which
indicates clinical response on dovitinib in at least a small
subgroup of patients. Interestingly, one of these patients
showed clinical response despite the presence of unfa-
vorable prognostically relevant characteristics (KPS 60,
unmethylated MGMT promotor; Suppl Table 2).

Benefit for a subgroup only is a frequently observed
result of targeted trials (Gilbert et al. 2012; Hutterer et al.
2014; Wen et al. 2014), and all of the applied treatment
regimens failed to improve overall survival rates in the
whole, unselected patient population (Batchelor et al.
2013; Reardon et al. 2005; Wick et al. 2010; Stupp et al.
2014). Assessing the activity of a targeted approach with-
out prior profiling of the relevant target expression in the
respective trial cohort might be the reason for these dis-
couraging results. Therefore, identifying subgroups of
patients based on expression/methylation profiles prior
to treatment should be encouraged in future brain tumor
trials to relate likely responders to the molecular-targeted
approach.

A very small subset of glioma patients exhibits a
FGFR-TACC-fusion protein (Di Stefano et al. 2015; Singh
et al. 2012). In some recently published studies, a clinical
response was observed in FGFR3-TACC3-positive glioma
treated with an FGFR inhibitor supporting clinical studies
of FGFR inhibition in FGFR-TACC-positive patients (Di
Stefano et al. 2015; Tabernero et al. 2015). Although one
of the major targets of TKI258 is FGFR (esp. FGFR3),
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we could not detect a FGFR-TACC gene fusion in our
two patients with a PFS > than 6 months. One explana-
tion would be that activity of the multi-kinase inhibitor
dovitinib was associated with targets other than the FGFR
in these patients. A further limitation was that only tissue
from the primary and not from the recurrent tumor was
available for molecular analysis. A recently published
comprehensive analysis of genomic changes between
primary and recurrent tumor tissue revealed substantial
genetic differences so that stereotactic biopsies of tumor
recurrence and molecular re-analysis are strongly encour-
aged (Kim et al. 2015). But even in case of recurrent tumor
biopsy, the expression of targets may vary in the tissue due
to intratumoral heterogeneity (Snuderl et al. 2011; Szerlip
et al. 2012).

In summary, the results of our phase I trial showed that
dovitinib 300 mg 5 days on/2 days off is safe in patients
with recurrent GBM and will be the recommended phase
II dose. A future phase II trial should be designed in a per-
sonalized approach in order to assess more reliably data on
the activity of the targeted therapy. The treatment may be
particularly suited for those patients who express the main
targets of dovitinib in their recurrent GBM tissue.
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