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F 1120 is an oral multitargeted tyrosine kinase inhibitor that blocks the activity of vascular endothelial
h factor (VEGF) and other growth factor receptors. We have done a phase I study to evaluate the
pharmacokinetics, and pharmacodynamic biomarkers of BIBF 1120. Patients with advanced refractory
umors were treated with BIBF 1120 at oral doses of 150 to 250 mg twice daily. Drug safety and phar-
inetics were evaluated, as were baseline and post-treatment levels of circulating CD117-positive bone
w–derived progenitor cells and plasma soluble VEGF receptor 2 as potential biomarkers for BIBF 1120.
y-one patients were treated at BIBF 1120 doses of 150 (n = 3), 200 (n = 12), or 250 mg twice daily (n = 6).
imiting toxicities of reversible grade 3 or 4 elevations of liver enzymes occurred in 3 of 12 patients at
g twice daily and 3 of 6 patients at 250 mg twice daily. Stable disease was achieved in 16 (76.2%) pa-
and median progression-free survival was 113 days (95% confidence interval, 77-119 d). Pharmacoki-
nalysis indicated that the maximum plasma concentration and area under the curve for BIBF 1120
sed with the dose within the dose range tested. Levels of CD117-positive bone marrow–derived pro-
rs and soluble VEGF receptor 2 decreased significantly during treatment over all BIBF 1120 dose
s. In conclusion, the maximum tolerated dose of BIBF 1120 in the current study was determined to
cohort

be 200 mg twice daily, and our biomarker analysis indicated that this angiokinase inhibitor is biologically
active. Mol Cancer Ther; 9(10); 2825–33. ©2010 AACR.
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iogenesis, defined as the formation of new blood
ls from a preexisting vasculature, is essential for
growth and the spread of metastases (1, 2). Tyro-
inase receptors, including vascular endothelial
th factor receptors (VEGFR), platelet-derived
th factor receptors, and fibroblast growth factor
tors, together with their corresponding ligands,
ey roles in angiogenesis (1). Antiangiogenic thera-
t targets signaling by these receptor-ligand systems
important advance in clinical oncology
t most angiogenesis inhibitors are cyto-
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, however, it has been difficult to assess their bio-
l effects in early clinical trials. Validated biomarkers
llow monitoring of the biological activity of these
s are thus urgently needed (4, 5). The most intui-
pproach to measurement of the biological activity of
argeted agents is evaluation of their effects on tumor
r the vasculature. However, this invasive approach
practical and ethical concerns (6, 7). Noninvasive,
-based biomarkers that allow repetitive sampling
hout treatment and follow-up are therefore preferred.
F 1120 is an orally available triple tyrosine kinase
tor that predominantly blocks VEGFR1 to 3, fibro-
growth factor receptors 1 to 3, as well as platelet-
d growth factor receptors α and β tyrosine kinases
omolar concentrations (Fig. 1; refs. 8–10). In pre-
al studies, BIBF 1120 has been shown to inhibit
rowth of and to reduce vessel density in s.c. im-
d human tumor xenografts in nude mice (8, 11).
vious phase I BIBF 1120 monotherapy study in
ts with advanced and heavily pretreated malignan-
howed encouraging antitumor activity and a toler-
afety profile. The maximum tolerated dose (MTD)
etermined as 250 mg twice daily (12). A further

I combination study showed that BIBF 1120 at
g twice daily can be combined with standard doses
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litaxel and carboplatin (13). Several phase II mono-
y trials have gone on to show promising signs of
cy in patients with advanced non–small cell lung
r and ovarian cancer (14, 15).
have done a phase I dose-escalation study to deter-
the MTD, tolerability, basic pharmacokinetics, and
mor effect of BIBF 1120 given p.o. on a twice daily
ule in Japanese patients with advanced refractory
tumors. To identify biomarkers that reflect the phar-
ynamics and dose-response relation of BIBF 1120,

rther evaluated baseline (before BIBF 1120 treatment)
ost-treatment levels of circulating CD117 (c-KIT)-
ve bone marrow–derived (BMD) progenitor cell
ts as well as of plasma soluble VEGFR2 (sVEGFR2).
ow that a subset of CD117+ BMD progenitors,
nophenotypically defined as CD45dimCD34+CD117+

Figure 1. Structure of BIBF 1120.
s a potential biomarker for guidance of optimal ther- exper
at one
In ad
the in
mittee
confir
in wh
were
ageab
patien
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patien
ment
cohor
more
dose

Safet
The

accor
Event
define
hema
ith BIBF 1120.

nts and Methods

nt eligibility
ible patients were 20 years of age or older with a
med diagnosis of advanced solid tumors who had
sponded to conventional treatment or for whom no
py of proven efficacy was available. They were
ed to have an Eastern Cooperative Oncology Group
mance status of <2 and adequate organ function.
iduals were excluded if they had a brain tumor or
metastases requiring therapy, gastrointestinal disor-
hat might interfere with absorption of the study
or serious illness or concomitant nononcologic dis-
hat was difficult to control by medication. Patients
also excluded if they had a history of obvious pul-
ry fibrosis or interstitial pneumonitis, autoimmune
e, serious drug hypersensitivity, cardiac infarction,
gestive heart failure. All subjects received informa-
bout the nature and purpose of the study, and they

ded written informed consent in accordance with
tional guidelines.

Toxici
the fi

ancer Ther; 9(10) October 2010

on June 30, 2014. © 201mct.aacrjournals.org ownloaded from 
design
s study was designed as a single-center, open-label,
escalation phase I trial. The primary objectives of
ose-escalation trial were to determine if BIBF 1120
from 150 to 250 mg given twice daily on a contin-
daily schedule could be confirmed as safe and tole-
treatment, and to collect overall safety data. The
dary objectives included the determination of the
, pharmacokinetic variables, pharmacodynamics,
reliminary information about the antitumor activi-
d the efficacy on angiogenic peripheral blood bio-
ers in this treatment population. The study was
ed and approved by the Institutional Review

.
e levels of BIBF 1120 were 150, 200, and 250 mg
daily. Intrapatient dose escalation was not permit-
ach treatment course comprised 28 days of con-
us daily treatment with BIBF 1120. If a patient
ienced a drug-related dose-limiting toxicity (DLT),
eatment with BIBF 1120 had to be discontinued. If
Ts were recovered to baseline or below grade 1 ac-
ng to the Common Toxicity Criteria for Adverse
s version 3.0 within 14 days of stopping treatment
IBF 1120, treatment could be resumed at one-dose
level.
dose escalation/reduction scheme was based on
currence of drug-related DLTs within the first treat-
course. If a DLTwas not observed in any of the first
patients, the dose was escalated to the next level. If
was observed in one of the first three patients,
additional patients were recruited to that dose
If a DLT occurred in only one of six patients, dose
tion was permitted. If two or more of six patients
ienced a DLT, additional patients were recruited
-dose lower level for a total of at least six patients.
dition to this dose escalation/reduction scheme, if
vestigators and independent data monitoring com-
agreed that additional patients were necessary to

m the dose escalation/reduction decision in cases
ich two or more patients experienced DLTs, which
not life-threatening, and were reversible and man-
le with or without medication, entering additional
ts at that dose level was allowed. The MTD was
d as the highest dose level at which <33% of the
ts would experience a DLT during the first treat-
course. Once the MTD had been determined, that
t was expanded to at least 12 patients in total to
completely assess the safety and tolerability of the
level.

y and efficacy assessments
safety and tolerability of BIBF 1120 were assessed
ding to Common Toxicity Criteria for Adverse
s version 3.0. The following adverse events were
d as DLTs: drug-related adverse events involving
tologic or nonhematologic toxicity of Common

ty Criteria for Adverse Events grade 3 or 4 within
rst treatment course with BIBF 1120. Objective
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response was evaluated according to the Response
ation Criteria in Solid Tumors (16).

acokinetics
od samples (4 mL) were collected on days 1 and
29 and 30 before and 0.5, 1, 2, 3, 4, 6, 8, 10, and

urs after dosing. Predose blood samples to deter-
trough pharmacokinetic values and the attain-
of a steady state of BIBF 1120 were collected on
8, 15, 22, and 29 in the first treatment course. For
acokinetic reasons, BIBF 1120 was given only
daily on days 1 and 29 in the first treatment
. During repeated treatment courses (2–6), trough
acokinetic samples were taken on days 15 and
asma concentrations of BIBF 1120 were analyzed,
he pharmacokinetic variables were calculated in
me manner as the previously conducted phase I
(12).

arker evaluation
concentration of sVEGFR2 in plasma were mea-
by enzyme-linked immunosorbent assay on days
, and 29 after BIBF 1120 treatment according to
anufacture's instructions (R&D System).
117/c-KIT–positive BMD progenitor cell subsets
measured with the use of flow cytometry. Periph-
lood was collected before starting, and after 2, 8,
9 days of BIBF 1120 treatment. The 800 uL of
blood was supplemented with 4.5 mL of 0.2%

e serum albumin (BSA)-PBS and centrifuged for
utes (1,500 rpm). After the removal of superna-
y aspiration, 4.5 mL of 0.2% BSA-PBS was added
entrifuged. Cell pellet was mixed with 50 μL of

n γ-globulin. Antibodies (CD34-FITC, CD117-PE, was

2. Mean (± SD) plasma concentration–time profiles of BIBF 1120 after single (A;
BIBF 1120 twice daily.
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. Hemolytic agent (4.5 mL) was added and incu-
for 10 minutes. After centrifugation (1,500 rpm,
), supernatant was washed twice. Subsequently,
BSA-PBS (4.5 mL) was added, and supernatant

removed by centrifugation (1,500 rpm, 5 min).
D45-PerCP) were added and kept for 45 minutes Cell pellet was filled up to 800 uL by BSA-PBS and
da

0 A
1. Patient characteristic
y 1) and multiple (B; day 29) administration of 15

Mol Cancer Ther; 9(10) O

merican Association for Cancer Rese
cteristic
 patients
No. of
n (range) age (y)
 (41-81)
e 11 (52%)

ale
 (48%)

mance status (ECOG)
5 (24%)

(76%)
us therapy

gery
 (86%)
18
motherapy 19 (91%)

iotherapy
 (29%)

types

rectal cancer
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–small cell lung cancer
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ll cell lung cancer
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phagus sarcoma
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enal carcinoma
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al cell carcinoma
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nknown primary site 1 (4.8%)
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zed by FACSCalibur flow cytometer (BD Bio-
es). Cell surface markers of CD133 and CD117
further identified from the CD34+CD45dim cells
ripheral blood with the use of flow cytometry
4A). The cell phenotype data of CD133+/−

7 +/− cells were calculated by the percentage of
umbers of the target quadrant/those of all quad-
(CD34+CD45dim cells).

tical analysis
dent's paired t-test was used to compare plasma
FR2 levels or circulating CD45dimCD34+CD117+ cell

reviations: bid, twice daily; γ-GT, γ–glutamyl transferase.
ers between day 8 and before treatment, as well as
en

cycles

le (≥10% lated to

F 1120 dose 150 b = 3) 200 bi = 12

A 1/2 3/4 1/2 3/

N N N N

in 0 0 4 4
in 0 0 6 2

T i 0 0 4 4
iti 1 0 9 0
rex 1 0 8 0
gu 2 0 6 0
in 0 0 5 1
se 1 0 5 0
rhe 0 0 5 0
op 1 0 3 0
er 1 0 1 0
gh 0 0 4 0
om 1 0 2 0
ert 1 1 1 0

e phosphatase; LDH, lactate dehydrogenase.

ancer Ther; 9(10) October 2010
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icance of changes induced by BIBF 1120 treatment
lly significant.

lts

nt demographics
enty-one patients with advanced refractory solid
s were recruited between June 2006 and July 2007.
emographic and clinical characteristics of the
ts are listed in Table 1. The median number of
2. Dose-escalation s
 d DLT
given per patient

all tre

) 250 b

4 1/2

N

3
3
2
2
2
2
3
2
2
0
2
0
0
0

M

0 American Associa
120 dose (mg bid)
 N
 ts

first course
DLTs
0
3
 d γ-GT increase; ALT increase;

, ALT, and γ-GT increase
AST
6 3 AST and ALT increase;

ALT increase; γ-GT increase
was three (range, 1-7 cycles),

day 29 and before treatment, to evaluate the and 10 patients received at least 4 cycles.
3. Adverse events
 incidence) re
 BIBF 1120 in
 atment courses
= 6) Tota

3/4 All

N N
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escalation and MTD
DLT was observed at the starting dose of 150 mg
daily in the first three patients (Table 2), so the
was escalated to the second dose level of 200 mg
daily. Because one of the first three patients
ienced a DLT of grade 3, an increasein alanine
transferase (ALT) and γ–glutamyl transpeptidase
at 200 mg twice daily, three patients were addi-
ly treated at this dose according to the protocol
tion. Among the first six patients treated at 200 mg
daily, two patients experienced a DLT of grade 3
and γ–glutamyl transpeptidase increases in one pa-
ALT increase in one patient). Given that these
ses in hepatic enzyme levels were fully rever-
the investigators and independent data monitor-
ommittee agreed to add four more patients to
rm the judgment of dose escalation/reduction
dose level. The four additional patients did not

ience a DLT, and overall, 2 of 10 patients at this
level experienced a DLT; therefore, dose escala-
roceeded to 250 mg twice daily. At this dose
three of six patients showed DLTs [aspartate
transferase (AST) and ALT elevations of grade 3
patient, ALT elevation of grade 3 in one patient,
–glutamyl transpeptidase elevation of grade 3 in
atient], and the MTD had been exceeded. The
ower dose of 200 mg twice daily was therefore
fied as the MTD. According to the protocol defi-

, two additional patients were further evaluated
MTD cohort. Among the total of 12 patients who

crease
after

le inetic variables
da

le B

150

x, 28.9 (6
*, h 2.00 (1
h 10.3 (1

0- 145 (8

tip 150 (N

x,s 38.8 (1

,ss 2.00 (1
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ed 200 mg twice daily, 3 patients experienced a
sible grade 3 or 4 AST, ALT, and γ–glutamyl
peptidase elevation, which correspond to DLT,
00 mg twice daily BIBF 1120 was thus confirmed
MTD.

y
enty-one patients received at least one dose of
treatment and were evaluated for safety. As

n in Table 3, the most frequent BIBF 1120–related
effects were increased hepatic enzymes [ALT
of patients), AST (57.1%), and γ–glutamyl trans-
ase (57.1%)], vomiting (57.1%), anorexia (52.4%),
e (52.4%), alkaline phosphatase increase (42.9%),
a (38.1%), and diarrhea (33.3%). Most of these
s were of mild-to-moderate intensity and of Com-
Toxicity Criteria for Adverse Events grade 1 or 2,
reversible and clinically manageable over all doses.
redominant Common Toxicity Criteria for Adverse
s grades 3 and 4 adverse events were reversible
enzyme elevations occurring at BIBF 1120 at
g twice daily and BIBF 1120 at 250 mg twice daily
otal of eight patients. Except for one patient with
ined grade 4 AST and ALT elevations, all elevations
of grade 3 intensity. One patient in the BIBF 1120
g twice daily cohort reported grade 3 hyperten-
and another patient in the BIBF 1120 250 mg twice
cohort reported grade 3 fatigue. Drug-related in-

s in hepatic enzymes occurred within the 1st week
treatment initiation and were fully reversible on
4. Pharmacok
ys
of BIBF 1120 after a single dose (day 1) and multiple dosing for
IBF 112

200

52.0 (6
2.98 (1
10.2 (3
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E: Geometric mean (geometric coefficient of variation %).
reviations: tmax,ss, time to reach maximum plasma concentrations at steady state; AUC, area under the curve.
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ion of treatment. There were no bleeding events or
lly relevant hematologic toxicities during all treat-
courses throughout the study. Due to adverse
s or DLTs, four patients in the BIBF 1120 200 mg
daily and three patients in the BIBF 1120 250 mg
daily dose cohorts required dose reduction.

acokinetics
pharmacokinetic variables after a single oral

and multiple oral doses of BIBF 1120 (150-250 mg
daily) are shown in Table 4. Maximum plasma con-
tions [Cmax,(ss)] were reached at 2 to 3 hours after dos-

ter single andmultiple dosing of BIBF 1120 (Fig. 2A increa

r of CD117-positive–BMD progenitor cells defined as CD45 CD34 CD117 . B, c
eek treatment period.

ancer Ther; 9(10) October 2010

on June 30, 2014. © 201mct.aacrjournals.org ownloaded from 
eclined in an apparent biexponential mannerwith the
al half-life of∼10hours.Of note, the terminal half-life
F 1120 was calculated from samples obtained during
st 24 hours post dose. After multiple dosing of BIBF
maxwere reached at 2 to 3 hours after dosing (Fig. 2B;
4). The accumulation ratio (Rac) values based on
nder the curve were 1.42 to 1.7, and accumulation
onsistent with the terminal half-life observed after
doses. Steady-state plasma concentrations were

ed at least onday 8 of repeated twice daily oral dosing
on visual inspection of the trough plasma concen-
n. In general, Cmax and area under the curve were

sed with increasing dose. Trough plasma concentra-
; Table 4). After attaining Cmax, the plasma concentra- tions of BIBF 1120 during repeated treatment courses were

4. Levels of circulating CD117-BMD progenitor cells after BIBF 1120 treatment. A, representative flow cytometric analysis for determining the
dim + + dim + +
Fig
BIB
leve
per
day
with
(r =
irculating levels of CD45

M

0 American Associa
3. sVEGFR2 levels in plasma after
120 treatment. A, plasma sVEGFR2
ecreased during the 4-week treatment
B, the decrease in sVEGFR2 at cycle 1,
showed a modest inverse correlation
ugh plasma drug levels of BIBF 1120
CD34 CD117 cells decreased during
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t at the same level within each dose group. The range
geometric mean of the trough concentration was
38.4 nmol/L for the 150 mg twice daily group and
84.6 nmol/L for the 200mg twice daily group. In the
g twice daily group, the number of trough concentra-
ollected during repeated treatment courses was very
d due to the occurrence of dose reduction in this
.

r response
nty patients were evaluated for tumor response.
ugh no complete or partial responses were ob-
, 16 (76.2%) patients had stable disease for at least
eatment courses (56 d). The disease stabilization was
ed across all the tested doses: BIBF 1120 150 mg, all
ts (100%) of 3; 200mg, 9 (75%) of 12; 250mg, 4 (67%)
edian progression-free survival for all patients was
ys (95% confidence interval, 77-119 d).

a levels of sVEGFR2 during treatment with
1120
baseline, the mean plasma level of sVEGFR2 ob-
from 15 patients [150 mg twice daily (n = 3), 200
ice daily (n = 9), and 250 mg twice daily (n = 3)]
.7 ± 1.7 ng/mL (range, 5.3-11.0 ng/mL). Plasma con-
tions of sVEGFR2 decreased significantly over the
weeks of treatment to a level of 5.8 ± 1.3 ng/mL
, 3.2-8.8; P < 0.001, t-test; Fig. 3A). The decreases
GFR2 levels were seen across all doses tested. As

n in Fig. 3B, the decrease in sVEGFR2 showed an
e linear correlation with the trough plasma drug
of BIBF 1120 (r = −0.46).

s of circulating CD117/C-KIT+–BMD
nitors during treatment with BIBF 1120
sets of CD117-positive–BMD progenitor cells were
red in progenitor-enriched (CD45dimCD34+) whole
of 15 patients [150 mg twice daily (n = 3), 200 mg
daily (n = 9), and 250 mg twice daily (n = 3)].
7 was expressed in the CD45dimCD34+ subset with a
f 60% to 80%, and representative data are shown in
.CD45dimCD34+CD117+ cells significantly decreased
ll BIBF 1120 dose cohorts during the 1st cycle of
y (P = 0.009 on day 8 and P = 0.004 on day 29, t-test;
).

ssion

s phase I study showed that BIBF 1120 can be
given to Japanese patients with advanced solid
s, and the MTD was determined as 200 mg twice
which was one dose lower than in Caucasian pa-
(12). Biomarker investigations revealed that the
a concentration levels of the sVEGFR2 and the
dimCD34+CD117+ cells significantly decreased over
st 4 weeks of treatment with BIBF 1120.

has been observed in previous phase I and phase II
s with BIBF 1120, gastrointestinal side effects, such

Indee
such

acrjournals.org

on June 30, 2014. © 201mct.aacrjournals.org ownloaded from 
iting, fatigue, nausea, and diarrhea, were the most
nt adverse events (12, 15) and have also been ob-
with other VEGFR inhibitors, such as sorafenib or

nib (4, 5, 17). These side effects of mostly mild or
rate intensity occurred predominantly at the MTD
F 1120 or at higher doses, and were easy to monitor
anageable with standard supportive treatment.

rtension has also been reported with several other
and VEGFR inhibitors (4, 5), and was observed

ee patients in this study. All cases were controllable
appropriate antihypertensive treatment.
pharmacokinetic analysis revealed that there was a
linear increase for Cmax and area under the curve.
values were reached within 3 hours after adminis-
n, and steady state was reached at least on day 8.
harmacokinetic variables displayed a moderate-
h variability as expected for an oral compound.
dition, different patients with various anticancer
atments have been enrolled in this study; thus, dif-
es in pretreatment and other intrinsic factors, such
and status, might have influenced the variability

se variables, too. Overall, there was no difference
pharmacokinetic behavior of BIBF 1120 between
ese and Caucasian patients (12, 18). Based on the
h plasma concentrations for BIBF 1120 at dose levels
mg twice daily, sufficient exposure has been

ed to block the target structures of the molecule ac-
g to the IC50 values (8, 11).
DLTs observed in this study were liver enzyme
ions (grade 3 or 4 ALT, AST, and γ–glutamyl trans-
dase). These liver enzyme elevations were fully
ible, responded within 2 weeks to treatment dis-
uation or dose reduction, indicating reversible liver
ffects, and were not accompanied by an increase of
bin. However, at 200 mg twice daily of BIBF 1120 in
sian patients, no such liver enzyme elevations were
ved in a previous phase I study (12). We cannot ex-
the possibility of ethnic differences, although there
no pharmacokinetic differences between Japanese
aucasian patients. From the exploratory data eval-
, the body weight of all three patients who experi-
DLTs at 200 mg twice daily as MTD was below

, whereas that of the remaining nine patients treated
ut DLTs was ≥50 kg. This finding suggested that
size, such as body weight or body surface area,
confer liver enzyme elevations on BIBF 1120, with
r investigation of possible dose dependency being
nted.
luation of novel targeted agents, such as VEGF sig-
inhibitors, may be supported by the identification
table biomarkers of biological activity. The most
ive method to measure the effect of any anticancer
is to evaluate the tumor tissue. Tumor biopsy strat-
provide a way to thoroughly characterize tumor
ogy and molecular processes with immunohisto-
istry, DNA microarray, and proteomics analyses.

d, several considerable biomarkers of angiogenesis,
as microvessel density or tumor VEGF expression,
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een extensively investigated with the use of tumor
specimens. On the other hand, identifying circulat-
omarkers of angiogenesis would have the advan-
f being minimally invasive, allowing repetitive
ling throughout treatment without the ethical and
ical complications of multiple biopsy. Circulating
of sVEGFR2 were previously found to be decreased
er VEGFR2 inhibitors that directly target this recep-
ch as AZD2171 (8) and SU11248 (9), although the
anism behind the consistent decrease in sVEGFR2
is not entirely understood (4, 5, 19–21). In the

nt study, plasma sVEGFR2 levels showed time-
dent decrease at all dose levels studied, and the
es in sVEGFR2 were inversely associated with
plasma concentration of BIBF 1120, suggesting that

FR2 is a useful pharmacodynamic marker of drug
ure, with similar findings reported for other agents.
ulating endothelial cells have emerged as a poten-
useful surrogate marker of antiangiogenic drug
ty (4, 10, 19–21). They comprise two distinct popu-
s: mature circulating endothelial cells, which origi-
from vessel walls and have a limited growth
ility, and BMD circulating endothelial cells, which
sponsible for most endothelial proliferative poten-
irculating BMD endothelial progenitors have been
ed to contribute to tumor vasculogenesis in animal
ls as well as in humans (18, 21–23). However, the
le degrees of incorporation of circulating endothe-
lls shown in different tumor models have led to
versy about the extent of their actual involvement
or vascularization. The identification of circulating
helial cells is highly complex and has been ham-
by the overlapping antigenic similarities, with a
f consensus about the definition of these endotheli-
s (4, 24). The pan-hematopoietic marker CD45 has
idely used to first exclude hematopoietic cells (22).
was chosen as a colabel because it is reported to be
t on endothelial progenitors, and CD34+ cells alone
populate bone marrow in vivo (23). This present
reported the first quantitative analysis of subsets
ulating CD117-BMD progenitor cells, characterized

45dimCD34+CD117+, after treatment with BIBF Rece

ation. Nat Rev Cancer 2006;6:835–45.
wn AP, Citrin DE, Camphausen KA. Clinical biomarkers of angio-
esis inhibition. Cancer Metastasis Rev 2008;27:415–34.
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progenitor cells were significantly decreased after
1120 treatment in time-dependent fashion. One pos-
explanation for the BIBF 1120–induced decrease in
7-BMD progenitor cells is that CD117/C-KIT+ is
f the target receptors of BIBF 1120 as well as many
VEGFR tyrosine kinase inhibitors, resulting in the
red growth of CD117/C-KIT+ cells or inhibitory
s of differentiation/mobilization on peripheral
. This study further showed that the patients who
nded (stable disease) to BIBF 1120 had a larger
ase in CD117-BMD progenitor cells after the initial
ks of the study treatment compared with patients
did not (progressive disease; Supplementary
1) although, given the sample size, there was limited
r to detect a significant difference. This observation
sts that a reduction in CD117-BMD progenitor
ould be associated with a higher degree of target

ition and greater clinical efficacy after BIBF 1120
ent. This is the first study to show evidence of de-
d levels of circulating CD117-BMD progenitor cells
g treatment with antiangiogenic agents. Mean-
, the main limitations in evaluating the circulating
helial progenitor cells for surrogate biomarkers are
tandardized protocols” or “labor-intensiveness.”
er investigation to validate whether it will be useful
onitoring the response to antiangiogenic therapy is
nted.
onclusion, BIBF 1120 shows an acceptable profile
panese patients suffering from advanced solid
rs at doses up to 200 mg twice daily. The prelimi-
evaluation of biological activity of BIBF 1120 with
e of plasma (sVEGFR2) and cellular (CD117-BMD
nitor cells) markers, and disease stabilization data
that this agent is biologically active. BIBF 1120 is
tly being investigated in a range of tumor types,
ecruitment to a series of randomized, double-blind
II and III trials is ongoing.

osure of Potential Conflicts of Interest

otential conflicts of interest were disclosed.
ived 04/22/2010; revised 07/24/2010; accepted 07/29/2010;

Results show that level
s of circulating CD117- published OnlineFirst 08/05/2010.
rences
ylor M, Rossler J, Geoerger B, et al. High levels of circulating
GFR2+ bone marrow-derived progenitor cells correlate with
tastatic disease in patients with pediatric solid malignancies. Clin
ncer Res 2009;15:4561–71.
rbel R, Folkman J. Clinical translation of angiogenesis inhibitors.
t Rev Cancer 2002;2:727–39.
rabito A, De Maio E, Di Maio M, Normanno N, Perrone F. Tyrosine
ase inhibitorsof vascular endothelial growth factor receptors in clinical
ls: current status and future directions. Oncologist 2006;11:753–64.
rtolini F, Shaked Y, Mancuso P, Kerbel RS. The multifaceted
culating endothelial cell in cancer: towards marker and target iden-
ulnik M, Oza AM, Pond GR, Siu LL. Impact and perceptions of
ndatory tumor biopsies for correlative studies in clinical trials of
vel anticancer agents. J Clin Oncol 2006;24:4801–7.
lft PR, Daugherty CK. Are we taking without giving in return?
e ethics of research-related biopsies and the benefits of clinical trial
rticipation. J Clin Oncol 2006;24:4793–5.
vs J, Siegert P,Medinger M, et al. Phase I clinical study of AZD2171,
oral vascular endothelial growth factor signaling inhibitor, in patients
h advanced solid tumors. J Clin Oncol 2007;25:3045–54.
rden-Zfoni A, Desai J, Manola J, et al. Blood-based biomarkers
SU11248 activity and clinical outcome in patients with metastatic

atinib-resistant gastrointestinal stromal tumor. Clin Cancer Res
07;13:2643–50.
thGJ,Heckel A,Colbatzky F, et al. Design, synthesis, andevaluation

Molecular Cancer Therapeutics

0 American Association for Cancer Research. 

http://mct.aacrjournals.org/


of
hig
112

11. Hil
hib
cy.

12. Mr
gen
Cli

13. du
es
pa
ma

14. Led
pla
vas
ova

15. von
ma
nas
sm

16. Th
uat
tion
of
Ca

17. Fai

ap
Se

18. Be
en
en
plic
Cli

19. Be
Vo
an
20

20. Ma
F.
era

21. Sta
an
Bio

22. Su
ph
Ph

23. Bl
ce
su
66

Phase I Study of BIBF 1120

www.a

D

Published OnlineFirst August 5, 2010; DOI: 10.1158/1535-7163.MCT-10-0379 
indolinones as triple angiokinase inhibitors and the discovery of a
hly specific 6-methoxycarbonyl-substituted indolinone (BIBF
0). J Med Chem 2009;52:4466–80.
berg F, Roth GJ, Krssak M, et al. BIBF1120: triple angiokinase in-
itor with sustained receptor blockade and good anti-tumor effica-
Cancer Res 2008;68:4774–82.
oss K, Stefanic M, Gmehling D, et al. Phase I study of the angio-
esis inhibitor BIBF 1120 in patients with advanced solid tumors.

n Cancer Res 2010;16:311–9.
Bois A, Huober J, Stopfer P, et al. A phase I open-label dose-
calation study of oral BIBF 1120 combined with standard
clitaxel and carboplatin in patients with advanced gynecological
lignancies. Ann Oncol 2010;21:370–5.
ermann JA, Rustin GJ, Hackshaw A, et al. A randomized phase II
cebo-controlled trial using maintenance therapy to evaluate the
cular targeting agent BIBF 1120 following treatment of relapsed
rian cancer (OC). J Clin Oncol 2009;27:15s (abstr 5501).
Pawel J, Kaiser R, Eschbach C, et al. Efficacy, safety and phar-

cokinetic (PK) results of a phase II study with the triple angioki-
e inhibitor BIBF 1120 in patients suffering from advanced non
all cell lung cancer (NSCLC). J Thorac Oncol 2008;3:S61.
erasse P, Arbuck SG, Eisenhauer EA, et al. New guidelines to eval-
e the response to treatment in solid tumors. European Organiza-
for Research and Treatment of Cancer, National Cancer Institute
the United States, National Cancer Institute of Canada. J Natl
ncer Inst 2000;92:205–16.
vre S, Djelloul S, Raymond E. New paradigms in anticancer ther-

24. Re
Or
J C

acrjournals.org

on June 30, 2014. © 201mct.aacrjournals.org ownloaded from 
y: targeting multiple signaling pathways with kinase inhibitors.
min Oncol 2006;33:407–20.
audry P, Force J, Naumov GN, et al. Differential effects of vascular
dothelial growth factor receptor-2 inhibitor ZD6474 on circulating
dothelial progenitors and mature circulating endothelial cells: im-
ations for use as a surrogate marker of antiangiogenic activity.
n Cancer Res 2005;11:3514–22.
erepoot LV, Mehra N, Vermaat JS, Zonnenberg BA, Gebbink MF,
est EE. Increased levels of viable circulating endothelial cells are
indicator of progressive disease in cancer patients. Ann Oncol
04;15:139–45.
ncuso P, Burlini A, Pruneri G, Goldhirsch A, Martinelli G, Bertolini
Resting and activated endothelial cells are increased in the periph-
l blood of cancer patients. Blood 2001;97:3658–61.
mper IJ, Byrne HM, Owen MR, Maini PK. Modelling the role of
giogenesis and vasculogenesis in solid tumour growth. Bull Math
l 2007;69:2737–72.
mmer R, Kotton DN, Sun X, Fitzsimmons K, Fine A. Translational
ysiology: origin and phenotype of lung side population cells. Am J
ysiol Lung Cell Mol Physiol 2004;287:L477–83.
air A, Sutherland HJ. Primitive acute myeloid leukemia
lls with long-term proliferative ability in vitro and in vivo lack
rface expression of c-kit (CD117). Exp Hematol 2000;28:
0–71.
yes M, Dudek A, Jahagirdar B, Koodie L, Marker PH, Verfaillie CM.

igin of endothelial progenitors in human postnatal bone marrow.
lin Invest 2002;109:337–46.

Mol Cancer Ther; 9(10) October 2010 2833

0 American Association for Cancer Research. 

http://mct.aacrjournals.org/

