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Abstract

Background BI 853520 is a potent inhibitor of focal adhesion kinase and is currently under clinical development for the
treatment of non-hematological malignancies.

Objective The objective of this study was to evaluate the effect of food and liquid dispersion on the pharmacokinetics of
BI 853520 in two open-label, crossover substudies.

Patients and Methods Sixteen patients with advanced solid tumors were enrolled in each substudy. The order of admin-
istration was randomized, and pharmacokinetic samples were collected for 48 h after administration of a 200 mg dose of
BI 853520. Lack of effect would be demonstrated if the 90% confidence interval (CI) of the ratio of the adjusted geometric
mean (GMR) of the area under the plasma curve (area under the plasma concentration—time curve from time zero to the last
quantifiable concentration at 7, [AUC,_, ] and observed area under the plasma concentration-time curve extrapolated from
time zero to infinity [AUC,_ 1) and maximum plasma concentration (C,,,,) did not cross the 80-125% (bioequivalence)
boundaries.

Results Adjusted GMRs (90% Cls) for the fed versus fasted state were 92.46% (74.24-115.16), 98.17% (78.53-122.74),
and 87.34% (71.04-107.38) for AUC,_, , AUC_o, o> and Cy,,, respectively. Although the 90% CIs were not within bio-
equivalence limits for the food-effect study, the limited reductions in these pharmacokinetic parameters after administration
with a high-fat meal are unlikely to be clinically relevant. Compared with a tablet, administration of BI 853520 as a liquid
dispersion did not strongly affect AUC,,_, , AUC(_, o, OF Cppyy, resulting in adjusted GMRs (90% Cls) of 1.00 (0.92-1.09),
0.98 (0.90-1.07), and 0.93 (0.86—1.01), respectively.

Conclusions These studies demonstrate that BI 853520 can be given with no food restrictions, and as a liquid dispersion,
without strongly impacting pharmacokinetics. These pharmacokinetic properties may help make BI 853520 dosing more
convenient and flexible, improving treatment compliance.

Clinical trials registration ClinicalTrials.gov identifier: NCT01335269.
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We evaluated the effect of food and liquid dispersion on
the pharmacokinetics of BI 853520.

Only minimal effects of a high-caloric meal were found,
and any effect on pharmacokinetics is unlikely to be
clinically relevant; compared with a tablet formulation,
administration as a liquid did not strongly affect the
pharmacokinetics of BI 853520.

These properties may help make BI 853520 dosing more
convenient and flexible, thereby improving treatment
compliance.

1 Introduction

Focal adhesion kinase (FAK), also known as protein tyrosine
kinase 2 (PTK2), is a non-receptor cytokine tyrosine kinase
that comprises a structural component of focal adhesions.
These focal adhesions are protein complexes containing cell
surface integrins, which are essential for interaction with
the extracellular matrix and transduction of signaling path-
ways [1]. FAK plays a vital role in proliferation, survival,
and migration of tumor cells [2]. In cancer, dysregulation
and activation of focal adhesions facilitate cell motility and
promote invasive tumor growth [1]. Increased expression
of FAK is found in various tumor types, and the extent of
expression has been related to the extent of disease progres-
sion and metastasis [3]. In particular, FAK overexpression
has been implicated in the development of sarcomas, and
prostate, colorectal, ovarian, and breast cancer [4-9].

In mice, genetic knockout of FAK has been shown to be
embryonically lethal, underscoring its role in development,
particularly in the formation of blood vessels [10]. Chemical
inhibition of FAK has been shown to reduce FAK activ-
ity and block tumor growth in a range of xenograft mod-
els [11-14]. Moreover, inhibition of FAK on endothelial
cells has been shown to improve sensitivity of tumor cells
to chemotherapy and immunotherapy in preclinical models
[15, 16]. Several inhibitors of FAK have been evaluated in
patients with cancer [17-19], both as monotherapy and in
combination with chemotherapy, targeted and immune thera-
pies [20]. BI 853520 is a potent inhibitor of FAK, and clini-
cal exploration has shown target engagement and anti-tumor
activity in the phase I studies reported by de Jonge et al. [21]
and Doi et al. [22] in this issue of Targeted Oncology. In the
study by de Jonge et al. [21] involving primarily Caucasian
subjects who were dosed in the fasted state, BI 853520 was
rapidly absorbed and exhibited at least biphasic disposition
kinetics. BI 853520, which is classified as a class 1 drug
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in the Biopharmaceutics Classification System (BCS), was
orally bioavailable, with an observed terminal half-life (z,,)
of 19 h following administration of a single dose, supporting
a once-daily dosing schedule.

A major determinant of drug absorption is the impact of
concomitant administration with or without food [23]. Food,
among other factors, may influence gastric pH, emptying,
and motility. Moreover, the presence of a high-fat meal may
improve the solubility of lipophilic drugs, thereby increasing
(relative) bioavailability. All of these factors can influence
the rate and extent of gastrointestinal absorption and indicate
the need to study the effects of food on drug bioavailability
during clinical drug development [24, 25]. A marked influ-
ence of food on absorption has been reported for several
orally dosed anti-cancer drugs [26-29]. In particular, in the
case of abiraterone, a 1000% increase in the area under the
plasma concentration—time curve (AUC) was demonstrated
when the drug was administered with food compared to a
fasted state, illustrating a clinically relevant food effect [27].

The requirement to administer drugs in the fasting state
can have a major impact on patients’ well-being, especially
if the fasting state has to be continued for several hours after
drug administration. Further, oral administration of drugs
can be problematic for those who cannot swallow whole
tablets. This may be particularly relevant in patients with
some advanced cancers such as head and neck cancer or
esophageal cancer. Therefore, development of an alternative
oral formulation could increase the convenience of admin-
istration for patients. However, any alternative formula-
tion should be tested clinically first to demonstrate that it
achieves appropriate pharmacokinetic exposure.

We report on two randomized, open-label, crossover stud-
ies evaluating the effect of administration with or without
a high-calorie meal, and the effect of administration as a
liquid dispersion on the pharmacokinetics of the novel FAK
inhibitor BI 853520. These pharmacokinetic studies were
part of a larger phase I dose-finding trial.

2 Methods
2.1 Patients

Patients were eligible for enrollment into the expansion
cohorts of the phase I dose-finding study of BI 853520
(ClinicalTrials.gov identifier NCT01335269; see de Jonge
et al. [21]) if they had a confirmed diagnosis of advanced,
measurable or evaluable, non-resectable and/or metastatic
non-hematologic malignancy and disease progression in the
last 6 months before study entry as demonstrated by serial
imaging. Patients had to have failed conventional treatment
or be unamenable to established treatment options, or have
no proven therapy available to them. Moreover, patients
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were required to have an Eastern Cooperative Oncology
Group (ECOG) performance score of 0 or 1, have recovered
from reversible toxicities (alopecia excluded) from prior
anti-cancer therapies (Common Terminology Criteria for
Adverse Events grade < 2), be at least 18 years of age, and
have a life expectancy of at least 3 months.

The main exclusion criteria were serious concomitant
illness, active infections, pregnancy, breastfeeding, active
or symptomatic brain metastases, second malignancies,
congestive heart failure of grade III or IV, myocardial
infarction within 6 months of inclusion, absolute neutro-
phil count < 1500/mm>, platelet count < 100,000/mm?>, total
bilirubin > 1.5 times the upper limit of normal (ULN), and
aspartate transferase and/or alanine transferase >3 times
ULN or > 5 times ULN in patients with liver metastases.

2.2 Study Design

An overview of the design of both studies is provided
in Fig. 1. The effect of food on the pharmacokinetics of
BI 853520 was investigated in a randomized, open-label,
crossover, single-dose study in patients with advanced
solid tumors. Patients received a single 200 mg tablet of
BI 853520 either in a fed or fasted state (see details of the
conditions of drug administration in Sect. 2.3) with a wash-
out period of 7 days between each administration. The order
of fasted—fed or fed—fasted was established through rand-
omization. Further information on the determination of the

a Enroliment in b Enroliment in
food effect liquid
study formulation
study
| Fasted | | Fed | Liquid Tablet

| Fed | |Fasted|

(o] [o]

Continuation
phase

Continuation
phase

Fig. 1 Schematic of randomized, open-label, crossover trials to evalu-
ate the effect of food and formulation on the pharmacokinetics of a
200 mg dose of the focal adhesion kinase (FAK) inhibitor BI 853520.
The order of administration [fasted—fed vs. fed—fasted (a) or tab-
let-liquid vs. liquid—tablet (b)] was randomized (R), and a washout
period of 1 week applied between the two treatments. After the phar-
macokinetic studies, patients continued on a daily dose of 200 mg of
BI 853520 (as a tablet) until disease progression, intolerability of the
study medication, or withdrawal of consent

sample size for each substudy is provided in the Electronic
Supplementary Material.

The pharmacokinetics of a single 200 mg dose of
BI 853520 in a liquid dispersion were evaluated in a sepa-
rate study with the same randomized, open-label, crosso-
ver design using the 200 mg tablet as reference. The order
of administration (liquid—tablet or tablet—liquid) was ran-
domized and a 7-day washout period applied as already
described.

After the last pharmacokinetic sample of each pharma-
cokinetic study, patients continued treatment with a daily
dose of 200 mg of BI 853520 until disease progression,
intolerability of the study medication, or withdrawal of
consent.

2.3 Drug Administration

In the food-effect study, BI 853520 was administered after
an overnight fast, either with approximately 240 mL of
water or with a standardized high-calorie meal. No food was
allowed for 4 h after intake of the drug. Water was allowed
1 h after taking the drug. The high-calorie meal was a high-
fat breakfast containing approximately 950 kcal (at least half
of which were from fat) and was ingested within no more
than 30 min. Directly after the meal, the single 200 mg tablet
of BI 853520 was administered.

In the tablet-versus-liquid formulation study, patients
received BI 853520 in a fasted state, as described earlier.
Patients remained fasted for 4 h after intake of the drug. The
liquid formulation was prepared by dissolution of the tablet
in 20 mL of a reconstitution solution containing sucralose
(4 mg/mL), menthol (2 mg/mL), and benzoic acid (1 mg/mL).
The tablet was submersed in the solution in a child-resistant
screw-cap bottle, without being crushed. The bottle was then
closed and shaken thoroughly for 30 s. After shaking, the
bottle was set aside for 10 min. If the tablet was not dis-
persed completely, the bottle would be shaken for another
30 s and set aside for 5 min. This procedure was repeated
until the tablet was dispersed completely into a homogene-
ous dispersion without noticeable lumps. No further dilution
of the dispersion was allowed.

2.4 Pharmacokinetic Sampling

In both studies, blood samples were collected before and at
0.5,1,2,3,4,6, 8, 10, 24, and 48 h after drug administra-
tion. Plasma concentrations of BI 853520 were measured by
validated assays based on liquid chromatography coupled to
tandem mass spectrometry (LC—MS/MS). The lower limit of
detection for the assay was 1 nM for plasma; at BI 853520
plasma concentrations ranging from 2.5 to 800 ng/mL, preci-
sion ranged from — 1.6 to —5.1% and accuracy ranged from
5.9t0 11.3%.
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2.5 Data Analysis

Based on the plasma concentration—time curves, pharma-
cokinetic parameters were calculated using non-compart-
mental analysis. Parameters of interest were maximum
plasma concentration (Cp,,,), time to C,,, (f;,.x), AUC cal-
culated from time zero to 48 h, from time zero to the last
quantifiable concentration at ¢,, and extrapolated from time
zero to infinity (AUC, 45, AUC,_, , and AUC,_, s, respec-
tively) and plasma 1, (calculation of ¢, is described in the
Electronic Supplementary Material).

The 90% confidence interval (CI) was calculated for the
ratio of the adjusted geometric mean (adjusted GMR) C,,,,
AUC_g ons» and AUC,,_, for a 200 mg dose under fed and
fasted conditions, and for the 200 mg tablet and liquid for-
mulation. Calculation of an adjusted GMR accounted for
sources of variation, such as patients without valid data for
both treatment states (fasted and fed) or both formulations
(liquid and tablet). Lack of difference was demonstrated if
the 90% CI of the adjusted GMRs of C,,,, AUCy_ ., and
AUC,_, were within the 80-125% limits, in accordance
with US Food and Drug Administration (FDA) guidelines
for food effect and bioequivalence studies [30, 31].

Reasons for exclusion from the pharmacokinetic analysis
included vomiting within 4 h after ingestion, failure to take
the full BI 853520 dose, and expired sample stability.

2.6 Trial Conduct and Registry

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and with
the 1964 Helsinki Declaration and its later amendments or
comparable ethical standards. All patients provided written
informed consent before enrollment, in accordance with the
International Conference on Harmonization Good Clinical
Practice and local legislation. The competent authority that
approved the trial was the Centrale Commissie Mensge-
bonden Onderzoek, Den Haag, The Netherlands. This trial
was registered in the United States National Institutes of
Health clinical trial registry under the ClinicalTrials.gov
identifier NCT01335269.

3 Results

In total, 16 patients were enrolled in each study; patient char-
acteristics are presented in Table 1. In the food-effect study,
15 patients were evaluable for treatment in at least one state
(fed or fasted), and one plasma concentration—time profile
was excluded for one patient due to vomiting after drug
administration. In the liquid—tablet study, all 16 patients
were evaluable for treatment with at least one dose (liquid
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Table 1 Characteristics of evaluable patients in both studies

Characteristic Food effect study Liquid
formulation
study

Patients, n 15 16

Gender, n (%)

Male 5(33.3) 8 (50.0)
Female 10 (66.6) 8 (50.0)

Mean age, years [range] 56 [25-72] 60 [55-89]

Mean weight, kg (CV) 70 (24.5) 71 (15.3)

Mean height, cm (CV) 169 (6.6) 172 (5.9)

Tumor type, n (%)

Soft-tissue sarcoma 11 (73.3) 0
Esophageal carcinoma 0 6(37.5)
Pancreatic adenocarcinoma 2(13.3) 4(25.0)
Ovarian carcinoma 1(6.7) 6 (37.5)
Other 1(6.7) 0

CV coefficient of variation

or tablet) of BI 853520, and one plasma concentration—time
profile was excluded for one patient due to incomplete drug
administration.

3.1 Food Effect

Plasma concentration—time curves of patients receiving
200 mg of BI 853520 under fed and fasted conditions are
presented in Fig. 2. The plasma profile of BI 853520 was
not markedly influenced by concomitant administration
of the high-calorie meal. A summary of the pharmacoki-
netic parameters of interest is provided in Table 2. The
adjusted GMRs (90% CIs) for the fed versus fasted state
were 92.46% (74.24-115.16), 98.17% (78.53-122.74), and
87.34% (71.04-107.38) for AUC,_, , AUC_g, g, and Cyyyy
respectively. All 90% ClIs crossed the lower of the 80-125%
boundaries. The ¢, and f,, of BI 853520 administered after
a high-calorie meal were not different to those in fasted
patients.

3.2 Liquid Formulation

Plasma concentration—time curves for the liquid formula-
tion study are provided in Fig. 2. Calculated parameters
for the pharmacokinetics of the liquid dispersion and tablet
are presented in Table 3. The ¢,,,, and #,, were not affected
by dispersing BI 853520 in a liquid. Adjusted GMRs (90%
CIs) of AUC,,_, , AUC,_, o> and Cy,,, for the liquid versus
tablet formulation were 99.98% (92.28-108.33), 101.65%
(93.57-110.42), and 107.15% (98.79-116.22), respectively.
All 90% CIs were within the 80-125% limits, indicating no
important impact on pharmacokinetic exposure.
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Fig.2 Plasma concentration—time curves for BI 853520 (200 mg)
in the food-effect and liquid formulation studies. Mean plus stand-
ard deviation of the plasma concentration—time curves for a 200 mg
BI 853520 tablet administered to patients in a fed and fasted state (a)
and a 200 mg dose of BI 853520 administered as a liquid dispersion
and tablet (b)

4 Discussion

The possible effects of food and formulation (liquid dis-
persion vs. tablet) on pharmacokinetic parameters of
BI 853520 were assessed in two randomized, open-label,
crossover pharmacokinetic studies. A total of 16 patients
were planned for enrollment in each study. This planned
sample size was not based on a power calculation, but was
judged to be appropriate to achieve the aims of this explor-
atory substudy, and as being adequate to provide a mini-
mum of 12 evaluable patients for the analysis, as required
by FDA guidance.

Table 2 Pharmacokinetic parameters for a 200 mg tablet of
BI 853520 administered under fed and fasted conditions

Parameter Fed Fasted Adjusted GMR, %
(90% CI) [fed/fasted]

Patients, n 15 15 -

tax 4[1-24] 3[1-6] -

AUC_,, nM'h 30,992¢ 33,518 92.46 (74.24-115.16)

AUC)_, obs» tM-h 39,219 39,949 98.17 (78.53-122.74)

Craxe TM 1636 1873 87.34 (71.04-107.38)

t, H° 18.0 (16.1)¢ 18.0(22.6) -

Unless otherwise specified, data are adjusted geometric mean

AUC,_, ,s observed area under the plasma concentration—time curve
extrapolated from time zero to infinity, AUC,,_, area under the plasma
concentration—time curve from time zero to the last quantifiable con-
centration at t,, C, maximum plasma concentration, #,, terminal

max
half-life, #,,,, time to maximum plasma concentration, — not calcu-
lated

“Median [range]
®Geometric mean [coefficient of variation (%)]
‘n=14

Table 3 Pharmacokinetic parameters of 200 mg BI 853520 adminis-
tered as a tablet or liquid formulation

Parameter Tablet Liquid Adjusted GMR, %
(90% CI)
[tablet/liquid]

Patients, n 16 14 -

fax 2 [1-6] 2 [1-6] -

AUC,_,,nM'h 26,376 26,381 99.98 (92.28-108.33)

AUC,_, obss TM-h - 31,978 31,460 101.65 (93.57-110.42)

Craxe IM 1721 1606 107.15 (98.79-116.22)

t, B° 19.5(16.4) 18.4(22.7) -

Unless otherwise specified, data are adjusted geometric mean

AUC,_, ;s observed area under the plasma concentration—time curve
extrapolated from time zero to infinity, AUC,_, area under the plasma
concentration—time curve from time zero to the last quantifiable con-
centration at 7, C, maximum plasma concentration, f,, terminal

max
half-life, ¢,,,, time to maximum plasma concentration, - indicates not

calculated
#Median [range]

®Geometric mean [coefficient of variation (%)]

The plasma profile, #,,,,, and #,, of BI 853520, when taken
after a high-calorie meal, were not markedly different from
those in fasted patients. The 90% CI for the adjusted GMRs
for AUC,,_, , AUC_g ps» and C,,, all crossed the lower of
the 80-125% boundaries. However, we do not consider the
reductions to result in clinically meaningful differences in
exposure. Our data, therefore, seem to support the view that

BI 853520 may be administered orally without the need for
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Fig.3 AUC, 45, AUCq_, o and Cp,, of BI 853520 (200 mg) in
the food-effect and liquid formulation studies. Boxplots of AUC_,
AUC_, obs» and C,, of BI 853520 following a single 200 mg dose
administered as a liquid or tablet in the liquid formulation study, and
under fed or fasted conditions (both as a tablet) in the food effect
study. AUC,_, ,,; Observed area under the plasma concentration—time
curve extrapolated from time zero to infinity, AUC,_,g area under the
plasma concentration—time curve from time zero to 48 h, AUC,_,
area under the plasma concentration—time curve from time zero to the
last quantifiable concentration at ¢, C,,,, maximum plasma concentra-
tion

stringent conditions regarding food intake. Interestingly,
the geometric mean value for C,,, decreased slightly when
BI 853520 was administered with food (Table 2), while the
median value increased (Fig. 3).
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Administration of BI 853520 after dispersion of the tablet
in a reconstitution solvent did not appear to have any clini-
cally important impact on the measured pharmacokinetic
parameters. None of the 90% Cls of the calculated pharma-
cokinetic parameters crossed the predefined 80-125% limits.
This suggests that the bioavailability of BI 853520 is not
strongly affected by liquid dispersion and supports the use
of the reconstitution liquid to facilitate drug administration
in patients who have problems swallowing.

Overall, the results of our study suggest that the pharma-
cokinetic profile of BI 853520 is unlikely to be greatly influ-
enced by concomitant administration with food or the type
of formulation. These properties should allow for a patient-
friendly posology, without strict requirements for adminis-
tration under fasted conditions. In addition, administration
of BI 853520 as a liquid dispersion may be particularly con-
venient for patients who experience problems swallowing.

As is apparent from Fig. 3, we observed large inter-indi-
vidual pharmacokinetic variability in our study; this was also
observed in the dose-finding study (see de Jonge et al. [21]).
This variability cannot yet be explained; however, it may
relate to differing plasma levels of a-1-acid glycoprotein
(AGP), the major binding partner of BI 853520 in human
plasma.

5 Conclusion

These randomized, open-label, crossover studies suggest that
a high-calorie meal did not appear to have a large impact
on BI 853520 pharmacokinetics. Further, our data suggest
that the formulation of BI 853520 as a liquid dispersion has
no important effects on the pharmacokinetics of BI 853520
relative to the tablet formulation. These pharmacokinetic
properties may help make BI 853520 dosing more conveni-
ent and flexible, improving treatment compliance.
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