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Abstract
Introduction Dovitinib is an oral, potent inhibitor of FGFR and VEGFR, and can be a promising strategy in patients with 
recurrent or progressive glioblastoma (GBM).
Methods This was an open label phase II study of two arms: Arm 1 included anti-angiogenic naïve patients with recurrent 
GBM and Arm 2 included patients with recurrent GBM that had progressed on prior anti-angiogenic therapy. Nineteen 
subjects were enrolled in Arm 1 and 14 subjects in Arm 2. The primary endpoint was 6-month progression-free survival 
(PFS-6) in Arm 1 and time to progression (TTP) in Arm 2. The secondary endpoints were toxicity, objective response rate 
(ORR) and overall survival.
Results Patients in Arm 2 (compared to Arm 1) tended to have longer intervals from diagnosis to study entry (median 26.9 
vs. 8.9 months, p = 0.002), experienced more recurrences (64%, had 3–4 prior recurrences compared to 0, p < 0.0001) and 
tended to be heavily pretreated (71% vs. 26–32% p = 0.04 or 0.02). 6-month PFS was 12% ± 6% for the Arm 1 and 0% for Arm 
2. TTP was similar in both treatment arms (median 1.8 months Arm 1 and 0.7–1.8 months Arm 2, p = 0.36). Five patients 
(15%) had grade 4 toxicities and 22 patients (67%) had grade 3 toxicities. There were no significant differences between the 
two arms with respect to the amount of change in the levels of biomarkers from baseline.
Conclusion Dovitinib was not efficacious in prolonging the PFS in patients with recurrent GBM irrespective of prior treat-
ment with anti-angiogenic therapy (including bevacizumab).
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Introduction

Until the early 2000′s, the standard of care for glioblastoma 
(GBM) was surgical resection followed by radiation. Stupp 
et al. [1] demonstrated that by adding temozolomide during 
and after radiation therapy in GBM patients, median sur-
vival could be improved from 12.1 months to 14.6 months. 
Despite this significant improvement, nearly all GBM 
recur with a median time to progression after treatment of 
approximately 6 months [1]. Treatment options at recurrence 
include surgery, re-radiation, and/or chemotherapy; all of 
which show modest activity at best and prognosis remains 
poor.

Anti-angiogenic therapy strategies are a promising 
approach due to the highly vascular nature of these tumors. 
GBM cells express high levels of vascular endothelial 
growth factor (VEGF) in situ, and inhibition of VEGF 
signaling impedes the growth of glioma xenografts in 
immunodeficient mice [2, 3]. Bevacizumab is a humanized 
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monoclonal antibody that targets VEGF and has demon-
strated significant clinical activity in a number of human 
tumors, including colorectal and non-small-cell lung can-
cer [4, 5]. Bevacizumab demonstrated improved objective 
response rates of 28 to 35% and 6-month progression free 
survival (PFS-6) rates of 29 to 43%, with no improvement in 
overall survival (OS) [6, 7]. The median duration of response 
is only 4 months and patients develop progressive disease; 
thus, there still remains a great need for new therapies.

Basic fibroblast growth factor (bFGF) is another proan-
giogenic growth factor that is upregulated in GBM [8]. 
Dovitinib is an oral, potent inhibitor of FGFR and VEGFR 
making it an attractive agent to evaluate in patients with 
recurrent GBM. Binding of bFGF to its receptor results in 
activation of the protein kinase Ca (PKCa) pathway and 
the ERK (extracellular signal-regulated kinase) pathway 
that have been showed to be involved in GBM [9]. The 
increase in serum levels of bFGF and SDF-1a were noted 
in patients treated with the pan-VEGFR inhibitor cediranib 
(AZD 2171) suggesting that upregulation of FGF may be an 
escape mechanism that confers resistance to bevacizumab. 
Hence inhibition of FGF as well as VEGF with Dovitinib 
is a promising strategy in GBM patients who progress after 
VEFG inhibition [10].

Materials and methods

Study design and treatment

This was prospective phase II clinical trial of patients with 
recurrent or progressive GBM. Arm 1 included patients who 
were anti-angiogenic therapy (including anti-VEGF therapy 
or bevacizumab) naïve. Arm 2 included patients who had 
progressed on anti-angiogenic therapy. All subjects received 
Dovitinib 500 mg PO 5 days on, 2 days off weekly on a 
28-day cycle until progression. Patients underwent blood 
work every 2–4 weeks and MRI brain every 8 weeks until 
progression on both arms. All patients were followed until 
progression. Responses were assessed using the Response 
Assessment in Neuro-Oncology (RANO) criteria [11].

Eligibility criteria

Patients who were at least 18 years of age with histologi-
cally confirmed GBM; recurrent after standard external-
beam fractionated radiotherapy, temozolomide chemother-
apy with or without anti-angiogenic therapy. Patients who 
were anti-angiogenic therapy (including bevacizumab) 
naïve were enrolled in arm 1. Patient who progressed on 
anti-angiogenic therapy (including bevacizumab) were eli-
gible to be enrolled in arm 2. Patients with Karnofsky Per-
formance Status (KPS) of ≥ 60%, adequate metabolic and 

end organ function, and an estimated survival of atleast 
2 months were eligible to enroll in the study. Patients had 
to be on a stable dose of corticosteroids for at least 5 days 
before obtaining their baseline MRI scan. Patients with 
acute intracranial hemorrhage determined by non-contrast-
enhanced computed tomography scan and patients receiv-
ing anticoagulation therapy with warfarin were not eligible 
for the study.

Primary and secondary end‑points

Progression free survival (PFS) was defined as the interval 
from beginning of treatment to progression or death from 
any cause; and PFS-6 was defined as the proportion of 
patients free of progression at 6 months. PFS-6 was the 
primary endpoint in anti-angiogenic therapy naïve patients 
(arm 1).

Time to progression (TTP) was defined as the interval 
from beginning of treatment to progression; patients who 
exited the trial without having progressed e.g. for adverse 
events or withdrawal of consent were censored as of the 
date off treatment. TTP was the primary endpoint in arm 
2, patients who had progressed after prior anti-angiogenic 
therapy. The primary endpoints were different in two arms, 
PFS-6 in arm 1 which is a commonly used endpoint, TTP 
was chosen as the endpoint in arm 2 we wanted to get the 
preliminary efficacy of the drug and censor deaths if any 
from other causes. Overall survival (OS) was calculated 
from the start of treatment to death or last follow-up (alive 
patients were censored as of the last follow-up).

The secondary endpoints were toxicity of Dovitinib 
in both patient populations using CTCAE version 4.0 
[12]. Changes in concentration of circulating cytokines 
and growth factors such as PlGF, PDGF-AA, PDGF-AB, 
PDGF-BB, SDF-1α, thrombospondin-1, Ang2, IL-6, IL-8 
and FGF were an exploratory end-point. Plasma EDTA 
samples were collected from all patients at baseline, at 
cycle 1 day 28 (C1D28), and at the end of treatment. All 
biomarkers were measured using the CiraScan multiplex 
platform (Aushon Biosystems, Inc., Billerica, MA) except 
for CD73 and sHER3 (R&D Systems, Inc., Minneapolis, 
MN), which were analyzed as described previously [13].

The absolute and relative change from baseline to 
C1D28 was determined for each marker. In addition, the 
number of patients for whom the biomarker decreased or 
increased was also assessed. Only patients with paired 
baseline and C1D28 samples were included in the analy-
sis. It should be noted nine patients had no C1D28 sample. 
The end of treatment time points were not further ana-
lyzed because the timing of sample acquisition was vari-
able and did not necessarily correspond to when a patient 
progressed.
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Isolation of extracellular vesicles (EV) and EV miRNA

Extracellular vesicles were isolated as previously described 
[14]. Briefly, plasma was centrifuged at 200×G, and the 
supernatant then centrifuged twice at 2500×G to yield 
platelet-free plasma (PFP). PFP was then centrifuged at 
100,000×G to collect EV (microparticles and exosomes). 
The EV pellet was re-suspended in phosphate buffered saline 
(PBS) and re-centrifuged, and the final EV pellet was used 
for RNA extraction.

To isolate RNA, EV was re-suspended in 700 μL of QIA-
zol lysis buffer (Qiagen, Valencia, CA, USA). Total RNA 
was isolated with the miRNeasy kit (Qiagen). Quantifica-
tion of EV RNA was performed with an RNA Pico Chip on 
an Agilent Bio-analyzer (Bio-Rad). Isolated miRNA was 
measured using NanoString technology at the MD Anderson 
Cancer Center RNA core lab.

Statistical methods

The outcome of interest differed in the two arms and there-
fore a separate design was used for each. For the anti-angio-
genic naïve patients (arm 1) the primary outcome was PFS6 
and a two-stage accrual design was used to test the hypoth-
esis that Dovitinib could increase PFS6 from an historic 
rate of approximately 36% to 55%. The first accrual stage 
called for 19 eligible and evaluable patients with expanded 
accrual to 31 patients if at least 8 of the 19 achieved PFS6. 
If overall at least 15 patients achieved PFS6 the null hypoth-
esis (PFS6 = 36%) would be rejected. The associated overall 
type I and II errors were 10% and 20%, respectively and the 
likelihood of early stopping for lack of efficacy was 63%. For 
patients progressing on anti-angiogenic therapy (arm 2) the 
primary outcome was TTP and a single stage accrual design 
was used to test the hypothesis that median TTP could be 
increased from an historic 1.5 months to 3.0 months. Assum-
ing type I and II errors of 10% and 20%, respectively, and 
that TTP followed an exponential distribution 14 eligible 
and evaluable patients were required. For the correlative 
biomarker studies a minimum of 14 paired cases (pre-treat-
ment and day 28) were required to ensure at least 80% power 
(based on 2-sided Wilcoxon signed rank and rank sum tests 
and 5% type I errors) to detect large but meaningful changes 
after treatment (≥ 0.60 of a standard deviation) and differ-
ences between patient groups (≥ 1.25 standard deviations).

PFS, PFS6, OS, and TPP were summarized using the 
Kaplan–Meier method. Other continuous factors such as the 
biomarkers described above were summarized as medians 
and ranges while categorical factors were summarized as 
frequency counts and percentages. Toxicity was categorized 
and graded using CTCAE version 4.0. The Cochran–Armit-
age trend test and log rank test were used to compare toxic-
ity and efficacy between the two arms, and the impact on 

outcome of the biomarkers studied, while Spearman rank 
correlations and the Wilcoxon signed rank and rank sum 
tests were used to assess associations between biomarkers, 
changes from baseline, and differences between the two 
arms, respectively.

Results

Patient demographics and lesion characteristics

Overall 64% (21/33) of patients were male, median age at 
study entry was 57 years (range 26–68) and median KPS 
overall was 80 (range 60–100). The median interval from 
initial diagnosis to study entry was 14.5 months (range 
5.0–100.2) and patients had experienced 1–4 recurrences 
prior to study entry (16 had 1 recurrence (all in arm 1), 8 
had 2 recurrences, and 9 had 3 or more recurrences). Table 1 
summarizes patient characteristics overall and separately for 
patients with and without previous anti-angiogenic therapy.

Median maximum diameter was 3.3  cm (range 
0.9–7.8 cm) and median tumor area was 5.76  cm2 (range 
0.81–41.34 cm2). Nineteen patients did not have prior anti-
angiogenic therapy (arm 1). Of the 14 who had prior anti 
angiogenic therapy, 12 had received bevacizumab, one was 
treated with bevacizumab as well as TRC105 and bevaci-
zumab and one received prior nintedanib. Patient charac-
teristics were similar between the two groups, however the 
prior anti-angiogenic therapy group tended to have longer 
intervals from diagnosis to study entry (median 26.9 versus 
8.9 months, p = 0.002), experienced more recurrences (64%, 
9/14 had 3–4 prior recurrences compared to 0, p < 0.0001) 
than the non-treated group and tended to be more heavily 
pretreated [71% (10/14) with other chemotherapies in addi-
tion to temozolomide versus 26–32% (5–6/19), p = 0.04 or 
0.02]. The prior anti-angiogenic therapy group also tended 
to have larger lesions (median 4.4 cm vs. 2.7, p = 0.04) with 
larger tumor area (11.16 vs. 4.74  cm2, p = 0.02) as shown 
in Table 1.

Treatment characteristics and response

Treatment was stopped in all patients: 19 (58%) due to dis-
ease progression/clinical decline, 11 (33%) for toxicity and 
in 3 cases (9%) patients withdrew consent. Overall, patients 
completed a median of one (28 day) cycle of treatment 
(range 1–3); 17 (52%) completed one cycle, 13 (39%) com-
pleted 2, and 3 (9%) completed 3 cycles. Treatment dose was 
reduced (to 400 mg) in 6 (18%) patients. Of these 6 patients, 
2 patients (14%) had prior anti-angiogenic treatment and 4 
patients (21%) did not receive such prior treatment. Two 
patients in arm 1 achieved partial responses (71% and 91% 
decreases in tumor area, respectively).
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Progression‑free survival, time to progression, 
and overall survival

Overall 23 (70%) patients progressed and 31 (94%) died 
at the time of last follow up. Median (95% C.I.) PFS, TTP, 
and OS were: 1.8 (1.4–2.0), 1.8 months (1.4–1.8), and 
5.6 (4.2–8.1), respectively. Overall 6-month PFS was esti-
mated to be 6% ± 4%. Within the two study arms, 6-month 
PFS was 12% ± 6% for the anti-angiogenic treatment-naïve 
group (arm 1) and 0% for the prior anti-angiogenic treat-
ment group (arm 2).

Time to progression, was similar in both treatment arms 
[median 1.8 months in each arm (95% [C.I. 1.3–2.8]) for 
patients with no history of prior anti-angiogenic therapy, 
and 0.7–1.8 for previously treated patients, p = 0.36, 
Fig. 1]; however anti-angiogenic naive patients tended 
to have better PFS and OS [PFS median (95% C.I.) 2.0 
(1.3–3.7) versus 1.8 (0.9–1.8), p = 0.03; OS median 

(95% C.I.) 8.0 (4.4–11.7) versus 4.3 (2.6–6.7), p = 0.008; 
Fig. 1c, d, respectively)], as seen in Fig. 1.

Adverse events

Five patients (15%) had grade 4 toxicities [thrombocytope-
nia (n = 2); thromboembolic event (n = 1), elevated lipase 
(n = 1), colitis/appendicitis (n = 1)] and 22 patients (67%) 
had grade 3 toxicities (primarily elevated cholesterol, tri-
glycerides, and/or lipase, fatigue, thromboembolic events, 
and low blood counts). Table 2 tabulates adverse events that 
were considered at least possibly related to treatment that 
occurred in > 10% of patients.

The most commonly reported events were lipid abnor-
malities (82%, 27/33, grade 4 in one patient and grade 3 in 
13), elevated AST/ALT (70%, 23/33, grade 3 in 3 patients), 
thrombocytopenia (70%, 23/33, grade 4 in 2 patients, grade 
3 in 1), fatigue (55%, 18/33, grade 3 in 7 patients), and mild 

Table 1  Patient Characteristics [data are summarized as N (%) or Median (Range)]

Bold italic represents the statistically significant values
1 Fisher’s exact test for categorical factors with two levels; chi-square test for unordered categorical factors with > 2 levels; Cochran–Armitage 
trend test for ordered categorical factors; Wilcoxon rank sum test for ordered measured factors
a KPS 60—n = 4; 70—n = 1
b 3 recurrences—n = 6; 4—n = 3
c Missing for 11 patients
d Missing for 10 patients

Factor All patients (n = 33) No prior
Anti-angiogenic (n = 19)

Prior
Anti-angiogenic (n = 14)

p1

Gender
 Male 21 (64%) 12 (63%) 9 (64%)
 Female 12 (36%) 7 (37%) 5 (36%) 1.0

Age at on-study 57 (26–68) 57 (33–68) 51 (26–66) 0.19
KPS
 60–70a 5 (15%) 2 (11%) 3 (21%)
 80 17 (52%) 9 (47%) 8 (57%)
 90 11 (33%) 8 (42%) 3 (21%) 0.21

Initial diagnosis to study entry 
(months)

14.5 (5.0–100.2) 8.9 (5.7–28.6) 26.9 (5.0–100.2) 0.001

Number of recurrences
 1 16 (48%) 16 (84%) 0
 2 8 (24%) 3 (16%) 5 (36%)
 3–4b 9 (27%) 0 9 (64%) < 0.0001

Prior total resection
 No 8 (24%) 6 (32%) 2 (14%)
 Yes 25 (76%) 13 (68%) 12 (86%) 0.42

Hemispherec

 Left 11 (50%) 7 (54%) 4 (44%)
 Right 11 (50%) 6 (46%) 5 (56%) 1.0

Largest tumor dim. (cm)d 3.3 (0.9–7.8) 2.7 (0.9–4.8) 4.4 (2.1–7.8) 0.04
Tumor area  (cm2)d 5.76 (0.81–41.34) 4.74 (0.81–13.92) 11.16 (4.41–41.34) 0.02
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to moderate diarrhea (52%, 17/33). The toxicity profile 
was similar in the two study arms, however, 42% (8/19) of 
patients with no history of prior anti-angiogenic therapy had 
thromboembolic events (severe in 5 and grade 4 in 1) com-
pared to a single grade 1/2 event in patients who had prior 
treatment with such agents (p = 0.02). In contrast 6 patients 
(43%) who had received anti-angiogenic therapy reported 
hypertension compared to no reports in the untreated arm 
(p = 0.007) in Table 2.

Correlation between biomarkers and outcomes

Most of the biomarkers increased at cycle 1 day 28 compared 
to baseline. Exceptions to this were BMP 9 (decreased in all 

patients), and the VEGF receptors (decreased in 74–89% 
of patients with data). There was an inverse relationship 
between changes in VEGF and VEGF receptors, Table 3, 
Fig. 2. At baseline anti-angiogenic naïve patients had higher 
levels of some biomarkers compared to patients previously 
treated with anti-angiogenic agents, and lower levels of oth-
ers, Supplemental Table 1. However there were no statisti-
cally significant differences between the two groups with 
respect to the amount of change from baseline that was seen 
at cycle 1 day 28 (data not shown).

The impact of baseline levels and changes at cycle 1 day 
28 on OS and PFS were also examined. While there was no 
impact on OS, baseline levels of BMP 9, CD73, endoglin, 
TSP 2 and VEGF D impacted PFS (higher BMP 9, CD73, 

Fig. 1  Summarizes time to progression (TTP), progression-free survival (PFS), and overall survival (OS) showing a overall TTP, PFS, OS, b 
TTP by study arm, c PFS by study arm and d OS by study arm
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endoglin and VEGF D, and lower TSP 2 were associated 
with poorer PFS); as did overall changes at cycle 1 day 28 
in HER 3, TGFβ 2, and VEGF R3 Supplemental Table 2 and 
Supplemental Figure 1.

Discussion

In a study of GBM patients treated with the pan-VEGFR 
inhibitor cediranib (AZD 2171), blood levels of the pro-
angiogenic factors bFGF and SDF-1α were noted to be 
higher in patients at the time of tumor progression or relapse 
as compared to the levels observed during the phase in which 
the patients showed a response to cediranib therapy [10] sug-
gested that up-regulation of FGF may lead to escape mecha-
nism and resistance to anti VEGF directed therapy. Dovitinib 
is an inhibitor of receptor tyrosine kinases (RTKs): FGFR, 
VEGFR, PDGFRβ, CSF 1R, c-Kit, RET, TrkA, and FLT3 
that mediate tumor cell proliferation and survival and is an 
attractive agent to evaluate in patients with recurrent GBM. 
FGF is another proangiogenic growth factor that is upregu-
lated in GBM, in which it is expressed focally by tumor cells 

Table 3  Correlative studies—all patients combined

Bold italic represents the statistically significant values
1 Patients with baseline and a defined cycle 1 day 28 measurement. Data reported are the change from baseline—positive values represent an 
increase, negative values a decrease
2 p-value is from the Wilcoxon rank sum test for the relative change using only patients with both baseline and cycle 1 day 28 measurements
3 Sign test for the overall change

Biomarker Baseline (n = 32) Cycle 1 D28 (n = 19) Relative  change1 (n = 19) p2 Gross change (n = 19) p3

Median (range) Median (range) Median (range) Decreased Increased

BMP 9 8.3 (16.1, 96.6) 12.6 (3.9, 20.0) − 58% (− 17, − 91) < 0.0001 100% (19/19) 0 < 0.0001
TIMP 1 74.0 (31.8, 124.9) 83.5 (41.1, 326.8) 14% (− 380, 161) 0.006 16% (3/19) 84% (16/19) .004
TSP 2 1475.1 (793.4, 3248.5) 2274.7 (1040.5, 4081.1) 56% (− 18, 204) 0.0001 11% (2/19) 89% (17/19) 0.0007
ANG 2 113.8 (56.2, 545.2) 192.5 (32.7, 830.0) 75% (− 63, 377) 0.0001 11% (2/19) 89% (17/19) 0.0007
CD73 1.10 (0.43, 18.43) 1.79 (0.66, 7.23) 57% (− 71, 149) 0.0004 11% (2/19) 89% (17/19) 0.0007
Endoglin 269.8 (184.0, 353.2) 287.4 (176.6, 361.3) 4% (− 20, 40) 0.29 37% (7/19) 63% (12/19) 0.36
HER 3 1.98 (0.98, 2.56) 2.24 (1.16, 2.67) 9% (− 48, 70) 0.004 16% (3/19) 84% (16/19) 0.004
HGF 91.8 (40.0, 193.0) 96.6 (44.3, 237.2) 25% (− 31, 79) 0.008 25% (5/19) 74% (14/19) 0.06
ICAM 1 451.7 (273.7, 579.9) 559.7 (255.2, 1325.2) 18% (− 33, 230) 0.0006 16% (3/19) 84% (16/19) 0.004
IL-6 6.33 (0.76, 25.68) 13.23 (1.38, 112.82) 100% (− 66, 2227)  0.0002 16% (3/19) 84% (16/19) 0.004
PDGF BB 152.9 (10.0, 1960.4) 146.1 (24.7, 1301.2) 81% (− 85, 1044) 0.02 32% (6/19) 68% (13/19) 0.17
PIGF 7.93 (2.39, 16.08) 12.65 (4.63, 24.21) 81% (− 8, 280) < 0.0001 11% (2/19) 89% (17/19) 0.0007
SDF 1 1637.3 (79.8, 5088.5) 2211.5 (756.2, 6261.6) 37% (− 43, 1672) 0.0005 16% (3/19) 84% (16/19) 0.004
TGF β2 26.7 (15.0, 162.0) 29.7 (16.7, 71.6) 18% (− 83,111) 0.03 21% (4/19) 79% (15/19) 0.02
VCAM 1 2016.5 (984.4, 3639.4) 2733.1 (1765.6, 4652.1) 44% (13–137) < 0.0001 0 100% (19/19) < 0.0001
VEGF 43.9 (9.5, 125.0) 107.5 (14.4, 216.0) 123% (− 52, 531) < 0.0001 11% (2/19) 89% (17/19) 0.0007
VEGF D 449.6 (259.4, 5014.5) 600.2 (403.7, 907.9) 38% (− 17, 84) < 0.0001 11% (2/19) 89% (17/19) 0.0007
VEGF R1 23.5 (12.2, 81.7) 23.4 (10.6, 61.6) − 13% (− 44, 51) 0.10 74% (14/19) 26% (5/19) 0.06
VEGF R2 1813.7 (894.1, 3727.7) 1722.8 (904.4, 3011.2) − 9% (− 25, 8) 0.003 84% (16/19) 16% (3/19) 0.004
VEGF R3 5325.1 (2966.6, 8331.7) 4609.8 (1817.7, 8061.4) − 19% (− 62, 8) 0.0002 79% (15/19) 21% (4/19) 0.02

Fig. 2  Absolute changes from baseline in VEGF and VEGF R3 at 
cycle 1, day  281 (1: Negative values indicate a decrease compared to 
baseline, positive values an increase)
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and also is expressed by the vasculature [8]. The receptors 
for bFGF include FGFR1, FGFR2, and FGFR4. FGFR1 is 
upregulated in GBM and is expressed by both the tumor cells 
and the tumor ECs. Only the tumor cells express FGFR4 and 
FGFR2 is expressed in the normal brain [15, 16]. Binding 
of bFGF to its receptor results in activation of the protein 
kinase Cα (PKCα) pathway and the ERK pathway that have 
been shown to be involved in GBM [9, 17].

RTKs are involved in the growth of different types of 
tumors as well as in the initiation, growth, and maintenance 
of blood vessels supplying the tumor with blood, oxygen, 
and nutrients [18–20]. RTKs such as VEGF receptors, FGF 
receptors, and PDGFβ receptors have been shown to play 
an important role in tumor angiogenesis [21]. VEGF is 
produced by both the host and the cancer cells and has a 
direct effect on ECs, causing their proliferation, migration, 
invasion, and growth [22]. FGFs are potent stimulators of 
angiogenesis in both normal and pathological tissues, hav-
ing a direct effect on both vessel assembly and sprouting 
[23]. Blockade of the FGF pathway can overcome resist-
ance to VEGFR inhibitors, emphasizing the importance of 
FGFR and specifically the need for multi-targeted inhibitors 
[24]. PDGFβ receptors are expressed on pericytes—smooth 
muscle cells that surround the vasculature and provide main-
tenance and support to the tumor neovasculature [25]. Inhi-
bition of these three growth factor receptor kinases should 
provide a powerful and broad inhibition of the angiogenesis 
process and provide potent anti-tumor effects. Dovitinib was 
investigated in many different solid tumors and demonstrated 
some activity in phase II clinical trials with metastatic renal 
cell carcinoma [26]. With its dual mechanism of action: 
anti-tumor effects via its anti-proliferative activity as well 
as anti-angiogenic activity, Dovitinib was a promising agent 
to evaluate in recurrent GBM.

This phase II clinical trial of Dovitinib in patients with 
recurrent GBM who have progressed with or without anti-
angiogenic therapy failed to show benefit. PFS-6 for arm 1 
was 12% ± 6% median PFS for arm 2 was 1.8 months (95% 
C.I. 0.9–1.8). A phase II study with nintedanib, which has 
activity against VEGFR, PDGFR, and FGFR, showed a 
PFS-6 of 0% [27]. Studies using other VEGF directed thera-
pies such as cediranib, sunitinib and sorafenib also showed 
PFS-6 of less than 20% [28–30]. Preclinical data of these 
anti-angiogenic agents were promising but however, phase 
II trials have not been satisfactory so far.

Thirty-three percent of the patients in our study stopped 
treatment due to toxicity. The dose had to be reduced to 
400 mg in 18% of the patients. The majority of the reported 
adverse events were grade 3 (67%) and grade 4(15%). The 
toxicity profile was similar in both arms though patients in 
arm 1 (anti-angiogenic therapy naïve) suffered from more 
thromboembolic events (42%) than arm 2 (single event). 
Also, PFS-6 in arm 1 was greater than that in arm 2. This 

difference can be attributed to the fact that patients in arm 2 
were more refractory and were resistant to anti-angiogenic 
therapy.

Our study was negative from a clinical perspective, with-
out documented responses. Thus, not surprisingly, there 
were no significant changes in extracellular vesicle (EV) 
miRNA profiles in patient plasma when pre- and post-treat-
ment samples were compared. However, given that samples 
were generally collected 2 weeks or more after treatment, 
it is possible that our collection strategy may have missed 
transient changes in EV miRNAs that occurred soon after 
administration of Dovitinib.

However, our studies did demonstrate interesting differ-
ences in EV miRNA profiles when the subgroup that had 
received prior therapy with bevacizumab was compared 
with the group that had received no prior anti-angiogenic/
anti-tumor therapy. Specifically, we observed significant 
down-regulation of four miRNAs: these included let-7a-5p, 
let-7g-5p, miR-150-5p and miR-191-5p. The concentra-
tions of miR-150, along with several other miRNAs, has 
been previously reported to be down-regulated in malignant 
gliomas, and a serum signature of these miRNAs has been 
suggested to be of potential benefit in the diagnosis of high 
grade tumors [31]. In addition, miR-191 has been included 
as part of a prognostic miRNA signature for patients with 
the mesenchymal subtype of GBM [32].

Perhaps the most interesting finding with respect to 
miRNA profiles is decreased expression of let-7b family 
members. Decreased expression of let-7b has been reported 
in patients with GBM [33], though our findings are unique 
in possibly suggesting greater reductions in patients previ-
ously treated with anti-angiogenic therapy. Let-7a miRNA 
has been suggested to interact cooperatively with the Myc 
oncogene to regulate multiple downstream pathways in 
GBM that regulate chromosome stability and tumor growth 
[34]. Let-7a miRNA may function as a tumor suppressor 
that targets many important genes involved in tumorigenesis, 
including Ras, Myc and Lin28, among others [35]. Over-
expression of let-7 family miRNA reverses cell proliferation 
induced by activating Ras mutations [36, 37], as well as 
the in-vitro proliferation of GBM cell lines and the growth 
of GBM xenografts [38]. Our findings, in which levels let-
7a-5p and let7b-5p were reduced in the plasma of patients 
who had previously failed anti-angiogenic therapy suggests 
that decreased expression of let-7 family miRNA may be a 
mechanism of tumor resistance that may develop in response 
to therapy. However, it is also possible that let-7 miRNA 
may have been decreased in these tumors prior to initial 
therapy, and thus this oncogenic profile resulted in patient 
selection for the therapy-resistant subgroup.

Interestingly, the biomarker profiles of patients who were 
previously treated with anti-angiogenic therapies are con-
sistent with prior reports evaluating biomarker changes in 
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response to treatment. In this study, patients exposed to prior 
anti-VEGF therapy were observed to have higher baseline 
levels of PlGF and VCAM-1, and lower levels of Ang-2 and 
s-VEGFR1, compared to patients who were anti-angiogenic 
treatment naïve. Differences in these two populations align 
with published data describing the on-treatment change in 
response to anti-VEGF therapy [39–41]. It is interesting to 
note that these biomarkers remained altered in patients after 
stopping prior anti-angiogenic therapy for at least a month 
prior to enrollment to this study. Further studies are needed 
to definitively establish the durability of these biomarker 
changes observed after anti-angiogenic treatment.

Conclusion

Dovitinib is not effective in in patients with recurrent GBM 
irrespective of prior treatment with bevacizumab therapy. 
Baseline levels of BMP 9, CD73, endoglin, TSP 2, VEGF 
D and overall change in HER 3, TGFβ 2, and VEGF R3 
impacted PFS, with no impact on OS.
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