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Abstract. Background: The aim of this
study was the evaluation of pharmacokinetic
parameters, biomarkers, clinical outcome,
and imaging parameters in metastatic colorec-
tal cancer (mCRC) patients treated with
FOLFIRI plus sunitinib. Methods: mCRC
patients with liver metastases were treated
with FOLFIRI and sunitinib as 1't line ther-
apy. At protocol-defined time points, multi-
contrast magnetic resonance imaging (MRI)
measurements, computed tomography (CT)
scans, pharmacokinetics (PK), and biomark-
er analyses were performed during the first
and second treatment cycle. Thereafter, pa-
tients were treated until tumor progression,
investigator's decision due to toxicity, or pa-
tient withdrawal. Results: 28 patients were
screened, 26 were included, and 23 received
at least one study medication. Full safety
analysis was performed in 23 patients. Full
PK and biomarker analyses were performed
in 2l patients. Strong responses in fumor size
reduction forced a change from the original
imaging timing scheme. This unforeseen
change in the timing scheme resulted in sub-
groups too small for meaningful statistical
analysis of most imaging parameters. Thus,
only a descriptive analysis of the MRI data
was possible. ln2ll22 patients, MRI showed
a decrease of the liver metastases. Best re-
sponse was partial remission (PR) in 8117 pa-
tients. Plasma concentrations of sVEGFR-2

and sVEGFR-3 decreased in all patients. The
majority of the patients developed some kind
of toxicity not always deducible to FOL-
FIRI or sunitinib. Conclusions: Due to the
observed side effect profile, FOLFIRI plus
sunitinib 37.5 mg per day cannot be recom-
mended for previously untreated mCRC.

lntroduction

Blood vessel evolution is necessary for
each tumor development [1]. Angiogenesis
is a lactor that is important in metastatic co-

lon cancer. Different anti-angiogenic drugs

are norv approved for different situations
(first line, second line, and last line) [2, 3,

41. Since it is known that the VEGF/VEGFR
system plays a critical role in angiogenesis,

inhibitors either acting directly at VEGF
or at its receptors intra- and extracellularly
were developed. Mostly drugs bind to the

receptors and prevent the functional activtfy
of VEGF []. The inhibition of the angio-
genesis as therapeutic mechanism of action
was initialized with bevacizumab in combi-
nation with FOLFOX or FOLFIRI in meta-

static colorectal cancer (mCRC) patients in
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Figure 1. Time lines for PK, biomarker, treat-
ment, multi-contrast MRI and DCE-USI, and effi-
cacy analyses. The study time lines of the first two
cycles are shown.

first line [5]. As bevacizumab primarily acts

as a VEGF-A trap, it is obvious to try other

drugs that interfere with the VEGF-VEGFR
system. Another strategy is the inhibition of
tyrosine kinases involved in the angiogene-

sis, such as the VEGFR family. The observed

overexpression of proangiogenic factors and

their receptors as well as the efficacy of the

anti-angiogenic therapy with bevacizumab in
patients with mCRC was the rational for this
study. Furlherrnore, first results of a phase I
study were published showing that mCRC
patients can be treated efÊciently and with
acceptable toxicity by FOLFIRI in combi-
nation with sunitinib at 37 .5 mg (instead of
50 mg) in a 4-weeks-on and 2-weeks-off
treatment schedule [3]. Sunitinib is a multi-
kinase inhibitor interfering with the VEGFR
system and other kinases [2]. In tumor bi-
opsies from patients undergoing sunitinib
treatment, it was shown that intratumoral
concentrations in the order of l0 pmol/L
were 3O-fold higher than plasma concentra-
tions [7]. To get more insights into the com-
plex relationships between imaging mark-
ers, biomarkers, and the pharmacokinetics
in patients with mCRC, we started an inves-
tigator-initiated multicenter phase II trial
(IIT) in 2008. A translational research pro-
gram including pharmacokinetic (sunitinib
and SUl2662) and biomarker (sVEGFR-2
and -3) measurements was included [8]. In
addition to imaging evaluation derived from
multi-contrast magnetic resonance imaging
(MRI), secondary parameters like objec-
tive response rute affer cycle 1, after cycle

2, besf overall response and toxicity were
documented (Figure 1).

Materials and methods

Study design and treatment

This multicenter, open label, phase II
study employed a statistical design that was

intended to test multi-contrast MRI param-

eters and their reduction regarding the two
statistical hypotheses that: there would be no

change after 12 weeks, or there would be a

reduction after 12 weeks. With 20 evaluable
patients for all variables considered, a one-

sided paired t-test has a power of at least 630/o

when testing at the level of 0.05. Based on

this and accounting for 70%o non-evaluable
cases, the study planned to rccruit22 patients

in four participating centers. The study medi-
cation consisted of folinate, fluorouracil, and

irinotecan (FOLFIRI) in combination with
37.5 mg sunitinib daily. FOLFIRI was given
in the conventional 2-weeks schedule (q2w),
whereas sunitinib was administered once per

day in a 4-weeks-on and 2-weeks-off treat-

ment schedule (4/2 schedule) [6]. Six weeks

were defined as one therapy cycle.

Patients

Included in this ftial were patients aged 18

years and older, with metastatic, inoperable,

and histologically conflrmed adenocarcinoma

of the colon; liver metastasis of at least 2 cm,

and a measurable disease using Response

Evaluation Criteria In Solid Tumors (RECIST)
1.0 criteria [9] as well as an ECOG (Eastern

Cooperative Oncology Group) performance

status 0 or 1; adequate liver and hematologi-

cal function. Exclusion criteria included a prior
chemotherapy for metastatic disease, surgery

or radiotherapy within 4 weeks of starting
study drug treatment, known brain metastasis,

myocardial infarction, congestive heart fai lure,
uncontrolled hypertension, and bleeding. The

study received positive ethical votes from all
participating centers and BfArM (Bundesin-

stitut frir Arzneimittel und Medizinprodukte)

approval. It was conducted in accordance with
Good Clinical Practice guidelines. Written in-
formed consent was mandatorv.

DCE HRI
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lmaging

According to the study protocol, MRI scans

were to be pedormed at baseline, 4,10, and 12

weeks after start of treatment. Only patients

with liver metastases larger than 2 cm in diam-

eter were included. During the analysis of the

first 4 patìents, it was recognized thaTthelarget

lesion in the liver for Dynamic Contrast En-

hanced MRI (DCE-MRI) rapidly became too

small for accurate DCE-MRI measwements in
responding patients. The protocol was amend-

ed to gather these imaging parameters earlier

(baseline, 2,4,andíweeks) than in the original
plan. This was done to ensure that target lesions

did not become too small for meaningful as-

sessment with DCE-MRI during follow-up or

even become immeasurable.

In addition to anatomical MRI this included

DCE-MRI and diffusion weighted MRI (DW-

MRI). Data acquisition was performed on a

clinical 1.5T system (Magnetom Symphony;

Siemens, Erlangen, Germany). Details can be

found in [0, l1]. The primary MRI parameters

determined were the baseline value of longitu-

dinal relaxation rate (R10), initial area under

the concentration cule for first the 60 seconds

(iAUC60), transfer constant (Khans), and the

ratio extravascular extracellular volume/tissue

volume (ve) based on DCE-MRI. Addition-
ally, apparent diffusion coefficient (ADC) was

calculated based on DV/-MRI. The changes of
this parameter under therapy were investigated.

Regarding the imaging parameters, this tempo-

ral evolution was of main interest. Parameters

were analyzed in a region of interest (ROI)
placed in the target lesion using a supervised

semi-automatic procedure.

In an additional analysis, this ROI was split
into two additional ROIs representing the core

(CORE) and the rim (RIM) part of the target

lesion, since the composition of lesions is often

heterogenic. Separate analyses of both ROIs

were carried out. MRI data were grouped by
their status at week 6. The four classes were

stable disease SD, stable disease partial re-

sponse not confirmed SDQ.{C), paúial response

PR, and progressive disease PD.

were performed at baseline, after 6 weeks

(: I cycle), after 12 weeks (:2 cycles), and

thereafter at the discretion of the physician,

but at least every 2 cycles or in case ofsuspi-
cious progressive disease. Separate RECIST

analysis was carried out using the anatomi-

cal MRI data, which were acquired during

the MRI examinations. MRI was limited to
the liver area. Resulting CT-based and MRI-
based values were compared.

Toxicity according to the common termi-
nology criteria for adverse events (CTCAE)
catalogue version 3.0 [12] was graded. The

patient's individual time to treatment stop

due to progression, toxicity, or patient's de-

mand was recorded.

Pharmacokinetics and
biomarker response

Plasma samples for pharmacokinetic and

biomarker analyses were collected during the

first two cycles. The time plan for all samples

is shown in Figure 1. Plasma concentrations

of sunitinib and SU12662 were measured

using a validated High Performance Liq-
uid Chromatography - Mass Spectrometry/
Mass Spectrometry (HPLC-MS/Ì\4S) method

[3]. Soluble VEGFR-2 was determined by

commercially available ELISA kits (R&D
Systems, Minneapolis, MN, USA). Soluble

VEGFR-3 was measured using a validated
ELISA, previously described in detail [8].
The concentration-time courses of the active
drug and all biomarkers were analyzed de-

scriptively. Biomarker response to sunitinib
administration was assessed as change from
the corresponding baseline level [14, 15].

A systematic correlation analysis was

performed to identify possible relation-
ships between the imaging parameters and

pharmacokinetic parameters of sunitinib
and SUl2662 using R@ (The R Foundation
for Statistical Computing, version, 2.10.1,

2009). A p-value of 0.05 was defined as sta-

tistically signifi cant.

Tumor response and toxicity Results

For the RECIST tumor response evalu-
ation, computed tomography (CT) scans

V/hile only preliminary results of using

limited available data, were published in
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Figure 2 lndividual response assessment over
time (cycle) and best overall response Only pa-
tients who were at least B weeks in therapy are
shown. SD = stable disease; NC = not confirmed;
pp = partial response; PD = progressive disease.
The last column lists the "Best overall response un-
der therapy".

2011 in a conference abstract [16], here the
data analysis ofall patients is presented.

Patients

28 patients were recruited. Five patients

never received any study medication (screen-

ing failure (n:2), consent withdrawn (n-2),
investigator's decision prior to study start
(n : 1)) Therefore, 23 patients were evalu-
able for safety. Median time in treatment
(calculated from first intake to last intake of
study medication) was 18.4 weeks (range:

2.3 - 50.1 weeks). 18 patients completed one

12,3, 6,7 , 12] freatment cycle, and 16 patients

completed two [3; 4; 5; 6; 7] cycles. Treat-
ment was stopped due to disease progression

in 10 patients and due to an adverse event in
8 patients. In two patients, liver lesions de-

creased thus far that partial liver resection was
performed. Other reasons for end of treatment
were losts to follow-up (1 patient), withdraw-
al of informed consent (1 patient), or investi-
gator's decision (1 patient).

Figure 3 Number of patients examined with
multi-contrast MRI as a function of time. The pat-
tern results from the change of the timing scheme
after the first 4 patients

3117 (18%), atd 2ll1 (l2o/o) patients were
not evaluated in this cycle. After two cycles,
the PR and combined SD & SD(NC) rate was
3/11 (18%) andl4l1l (82%),respectively. PR

8/17 (47%) and SD 9117 (53%) were the best
overall response in the study. Individual re-

sponse over time and best overall response for
patients who were at least 8 weeks in therapy
are summarized in Figure 2.

lmaging

Baseline multi-contrast MRI data were
acquired in 25 patients. RECIST evaluation
based on MRI data with at least baseline
and week 2 measurements were done tn 22

patients. For 19 patients, at least two valid
DCE-MRI measurements, including a valid
baseline scan, were analyzed. For the first 4

patients, MRI examinations showed such a

strong response regarding tumor size within
the first cycle that the resulting lesion size

was below the limit necessary for reliable
DCE-MRI examinations. Due to these un-
expected, strong responses, the original tim-
ing scheme for MRI examinations had to be

adapted to a shorter overall time frame, as

described in the methods section.

Due to this alteration in the timing
scheme, the originally planned group anal-
ysis at baseline, 4, 10, and 12 weeks after
start of treatment became inappropriate.
This led to different group populations at

the various time points, which finally were:
((baseline/ 1 9), (w eek 21 6), (week 3/6), (week
4/16), (week 514), (week 615), (week 714),

(week 8/1), (week 10/2), and (week 1411))
(time point/# of patients) as shown in Fig-
ure 3. In combination with indrvidual patient
participation durations, this resulted in the

.¿P PS$ffS+t
so
SD
SD

SD
SD

sD(NC)

sD(¡rc)

Tumor response

Out of 23 patients, 17 patients received
study therapy for more than 8 weeks. They
were subsequently evaluated for response,

and the complete staging CT scans, includ-
ing thorax/abdomen with RECIST evaluation,
was performed. After one treatment cycle, the

SD rate was 12111 (70%), the SDQIIC) rate
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Figure 4. MRI parameter comparison. Compari-
son of mean |AUC60 and ADC values over the vari-
ous time points for lesion rim and lesion core. While
there are larger differences between rim and core

for |AUC60, the ADC values show only minor differ-

ences.

following number of patients as a function of
performed MRI examinations, which finally
were: ((214), (318), (416), (5/1) (# of exami-
nations/# of patients).

Averaged over all MR measurements for
each time point and each calculated DCE
parameter, the difference between RIM and

CORE ROIs were larger than 18% with a

range of 18% (Rl0 at week 2) to 58%o (Ye af

baseline). This difference between RIM and

CORE of the target lesion is already seen on

the individual patient level, reflecting a more

active lesion rim compared to the core. Look-
ing at theADC differences between RIM and

CORE and their average for each time point
of all patients, each difference was below
10%. Given the standard deviation, this was

not a significant difference.

The mean difference of iAUC60 and

ADC showed only small variability over
time, as plotted in Figure 4.

Within accuracy of the resulting small
patient subgroups, for none of the multi-con-
trast MRI parameters a significant change

over time could be detected.

However, single patients showed similar
changes like the patient example in Figure 5,

including anatomical MRI, lesion size mea-

sures, and time courses from DCE-MRI. The

concentration-time courses of the DCE-MRI
contrast agent in the bottom left show strong

reduction at follow-up examinations com-

pared to baseline. This is also reflected in the

initially decreasing course of iAUC60 over
time (bottom right) and goes along with a

reduction in lesion size (top right). ADC val-
ues increase by - 40% compared to baseline

(bottom right).

ln addition to RECIST analysis based on

CT data for22patients, the sum ofthe lesion

sizes in the liver were calculated by MRI,
which reflect only the anti-cancer efÊcacy in
the liver. In this MRI evaluation of the liver,

the majority (21122) of patients showed an

initial decrease (Figure 6).

The comparison of RECTST data based

on CT and MRI as displayed in Figure 7

shows a good correlation of 0.81 although
their acquisition dates differ by a few days,

and compared to Cl the MRI examination
volume was limited to the liver area.

Pharmacokinetic and
biomarker analysis

In patients receiving 37.5 mg of suni-

tinib, median plasma trough concentrations

of 39.4 nglmL (interquartile range (IQR):

19.6 53.3 nglml-) for the parent drug and

17.5 nglmL(8.1 -27.5 nglml-) for its metab-

olite SU12662 were observed after 14 days

(Figure 8).

Median baseline concentrations of 9,362

pglml- (IQR: 7,898 - 9,941 pglml-) and

17,501 pglmL(IQR: 14,617 30,632pglml)
were observed for sVEGFR-2 and sVEG-

FR-3, respectively. Plasma concentrations

of both soluble receptors decreased after

sunitinib intake, qualifying sVEGFR-2 and

sVEGFR-3 as pharmacodynamic markers of
sunitinib treatment. After 28 days of treat-

ment, plasma concentrations of sVEGFR-2

decreased to 6l%o (IQR: 57 - 72%) (Figure

9a) and plasma concentrations of sVEGFR-3
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to 58% (IQR: 47 80%) (Figure 9b) of the

corresponding baseline level. After the end

of therapy biomarker levels increased again
up to concentrations near baseline. Concen-
tration-time profiles did not differ among
the study centers for either soluble receptor.

This phenomenon seems therefore reliable
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Figure 9. Concentration-time profiles ll. Con-
centration{ime profiles of SVEGFR-2 (a) and
sVEGFR-3 (b) as ratio to their respective baseline
level (mean + SD, n = 21)for all patients with meta-
static colorectaì cancer after application of 37.5 mg

sunitinib (l) in the first therapy cycle.

and shows that these systems are rapidly re-

sponding systems and interruptions or drug

free holidays should be avoided ifpossible.
Correlation analyses between individual

Table 1. Adverse events.

Grade > 3 adverse events reported in > 5% of pa-

tients and adverse events of special clinical inter-
est, regardless of causality.

imaging and pharmacokinetic parameters of
sunitinib and SU12662 did not reveal any

relationship.

Adverse events and toxicity

The toxicity was remarkable and treat-

ment delays, interruptions, or reductions

were necessary to manage the toxicity. Severe

(grade > 3, CTCAE 3.0) neutropenia occured
inl0l23 (43%) and leukopenia in1l23 (30%)
patients at least once during the treatment

phase. The most severe non-hematological

adverse events were abdominal pain, stoma-

titis, pulmonary embolism, and hypertension
(Table l). There were six hematological and

one non-hematological þulmonary embo-

lism) CTCAE grade 4 adverse events with
possible relationship to the study medication.

A total of 36 dose modiflcations and 8 dose

interruptions for sunitinib due to hematologi-

cal toxiciry hand and foot syndrome, infec-

tion, diarrhea, stomatitis, melena, and anal fis-

sure were considered necessary. In 8 patients,

adverse events (leukopenia/neutropenia (2),

polyneuropatþ (1), paresthesia (1), palmar-

plantar erythrodysesthesia syndrome/mucosal

inflammation (1), anal ulcer (1), infected skin

ulcer (1), general physical health deterioration

(1)) led to discontinuation of treatment with
sunitinib.
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patients (%)

Advêrse events

Hematological adverse events

Neutropenia 10 (44o/o)

Leukopenia 7 (31o/.)

Anemia 2 (9o/o)

Thrombocytopenia 2 (9o/.)

Non-hematological adverse events

Abdominal pain 2 (9o/o)

Stomatitis 3 (13%)

3 (3%\Pulmonary embolism

2 (9%\Hypertension

Adverse events of special interest

1(4%\Hyperkeratosis

1(4%\Mucosal inflammation

lnfected skin ulcer 1(4%)
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Discussion

In this multicenter investigator initiated

trtal,23 patients with mCRC were treated with
FOLFIRI in combination with sunitinib. Imag-

ing parameters as well as the pharmacokinetics

of sunitinib and its active metabolite 5U12662
and appropriate biomarkers were investigated

in this population. Specific challenges were the

logistics and the implementation of the com-
plete translational research program in four
study centers as well as the unexpected, strong

response, which forced a timing change in the

imaging acquisition scheme.

The treatment was similar to the one pub-

lished by Starling et al. [6], whereas the defi-
nition of a cycle and the kind and frequency

of measwed parameters was different from
that study. In addition to safety aspects, an

extended number of parameter determina-

tions were included in the shrdy. Median dose

normalized trough concentrations (C¡ou*¡/D)

of sunitinib and SUl2662 were slightly high-
er compared to data previously published for
cancer patients treated with 50 mg sunitinib

[17]. Sunitinib is mainly metabolized via CY-

P344, and differences in liver function could,

therefore, explain these differences as well as

the observed variability among the mCRC pa-

tients in our study. Decreasing concentrations

of sVEGFR-2 and sVEGFR-3 after sunitinib
administration correspond to results previ-
ously published for patients with different
cancer types [8]. In mCRC patients treated

with 50 mg sunitinib, plasma concentrations

of sVEGFR-2 decreased to 45.2o/o andplasma
concentrations for sVEGFR-3 to 40.5% of the
respective baseline level [9]. This indicates

a larger biomarker response compared to our
study with a lower dose of 37.5 mg sunitinib.
Moreover, the comparison of the biomarker
response between patients with different hr-

mor entities treated at the same dose level
suggests that biomarker response is not only
dependent on dose but also on tumor type [16,
18, 20]. The observed temporal link between

biomarker response and sunitinib administra-

tion, which was also observed in healthy vol-
unteers [21], confirms that both proteins are

reliable pharmacodynamic markers for the

anti-angiogenic activity of sunitinib.

In a recently published study, Ktrans and

iAUC 90 as well as iAUCI20 were identified
as predictors of the tumor response 122] in

patients treated with FOLFIRI in combina-
tion with bevacizumab. Multi-contrast MRI
as used in this study showed no clear-cut
pattern. The analysis was strongly influ-
enced by the fact that the aim of complete

data sets consisting of 4 MRI measurements

during the first 6 weeks was missed in all
patients. The small group of subjects with
valid multi-contrast MRI data sets did not al-

low for a meaningful quantitative subgroup

analysis for certain time points. Therefore,

results were reported descriptively. Except
for the apparent diffusion coefflcient (ADC),
all other MR derived parameters showed dif-
ferences between the RIM and the CORE of
the investigated lesion. This corresponds to

the known image ol active tumor tissue in

the rim and more necrotic tissue in the core.

Those differences between RIM and CORE
for ADC values are only observed to a much
smaller extent. They could be explained by
the counteracting increasing and decreasing

diffìrsion effects of cell swelling, necrosis,

and apoptosis during treatment [23]. These

effects may largely cancel themselves out,

resulting in no or only minor changes of the

mean ADC values. No correlation to tumor
response, progression free survival, or time
to end of study treatment was observed.

Although the study was unable to acquire

sufficient imaging data for statistically mean-

ingful subgroup analysis, single patient data

sets show interesting behavior of imaging
parameters over the study course as shown
in Figure 5. This patient showed stable dis-
ease within the first 14 weeks of treatment

followed by a partial response until the end
of the study (week 77). This response pat-

tern corresponds to the imaging findings of
a strong reduction in lesion size as well as

in perfusion related parameters like iAUC60.
The observed increase in ADC could be ex-
plained by an increasing parl ofnecrotic tis-
sue in the lesion during therapy.

The clinical efflcacy was high, with an

absence ofprogression in nearly all patients

during the first (6 weeks) and second cycle
(12 weeks). The anti-cancer therapy had a

rapid onset of action, and further tumor re-

duction was observed after the second and

following cycles (initially after one cycle 5

partial remissions, climbing up as best re-

sponse to 8 partial remissions). The time to
unacceptable toxicity differed markedly be-
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tween patients. Nevertheless, these results

are similar to those for patients treated with
FOLFOX or FOLFIRI and bevacizumab

as lst line therapy 124). In general, bevaci-
ntmab seems to exhibit a better side effect
profile than sunitinib in combination with
FOLFIRI. The toxicity of the drug combina-
tion FOLFIRI + sunitinib exceeded the ini-
tial expectations based on [5]. Meanwhile,
also a phase III study was stopped after in-
clusion of 768 patients due to toxicity and

lack of advantage in anti-tumor efficacy

[25]. These unforeseen results affected the
conduction of this phase II trial, which was
stopped soon thereafter. Toxicity seen in this
study was also considerable, although nausea

and vomiting grade > 3, prominent t"oxicities
in the phase III study, were not observed in
our study, which might have been due to
the stricter anti-emetic regimen used in our
clinical study. In addition, several cases of
fatigue grade 2 were reported in our study,
but no grade 3 fatigue. Hematological tox-
icities, hypertension, thrombotic events, and

stomatitis were found in comparable rates in
both studies. Since most of the side effects
could be initiated by both administered drugs
as well as by many other substances, a clear
assignment to FOLFIRI or sunitinib alone
cannot be made based on our study.

The addition of a tyrosine kinase inhibi-
tor to either FOLFOX or FOLFIRI for the
treatment of mCRC patients does not seem

to be beneficial as some prominent drugs like
vatalanib, sunitinib, and cediranib failed in
similar situations 125, 26, 211. Up to now,
bevacizumab remains the only approved
anti-angiogenic agent used as I't line treat-
ment in metastatic colon cancer patients.
Meanwhile, bevacizumab has also been ap-

proved for second-line therapy, which can be

summarized under the catchphrase "bevaci-
zumab beyond progression" [2]. The same

holds for aflibercept, which is approved for
a second-line therapy [3, 8]. The triple an-

giokinase inlibitor BIBF1120 had shown
some interesting activity/toxicity profile
when compared with bevacizumab directly
in a randomized first-line study [28]. BAY
73-4506 (Regorafenib) has shown a small
survival advantage prospectively investi-
gated against best supportive care. Perhaps

BIBF1l20 has the ability as potential com-
petitor in this indication because BIBF1120

is the first oral TKI that has less side effects
than bevacizumab while efûcacy seems to be

comparable [29,30]. Regorafenib, a multi-
TKI, is already approved for the treatment of
mCRC patients as last-line therapy [4]. How-
ever, it is obvious from clinical experience

and reported in literature that regorafenib is

more toxic lhanbevacizumab [1, 2,4]. An
oral anti-angiogenic drug without severe tox-
icity problems would be highly welcome.

Gonclusion

The combination FOLFIRI plus suni-
tinib is more toxic than what is known from
FOLFIRI or FOLFIRI plus bevacizumab.
The cancer control rate is high, but the ob-
jective response rate of the combination does

not exceed those rates for FOLFIRI alone.
Parameters derived from multi-contrast MRI
could only show changes on an individual
patient level. The soluble VEGF receptors
2 and 3 reflect the pharmacodynamic activ-
ity of sunitinib. The clinical efficacy is high,
with an absence ofprogression in nearly all
patients during the first (6 weeks) and sec-

ond cycle (12 weeks). The anti-ancer therapy
had a rapid onset of action, and fuither tu-
mor reduction was obseryed after the second
and following cycles. Due to the toxicity of
the combination therapy, treatment modi-
fications and interruptions were frequent,
and in 8 out of 23 patients, treatments were
ended prematurely due to an adverse event.
The findings of this study are consistent with
previous observations 16,251. FOLFIRI plus
37.5 mg daily sunitinib is not recommended
for previously untreated mCRC. A less toxic
oral anti-angiogenic drug is needed as a new
therapeutic option for such cancer patients.
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