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Abstract:

Background: Fluoroquinolones are widely prescribed antibiotics. Ciprofloxacin is a well-known inhibitor of cytochrome P450

CYP3A4 and causes numerous drug interactions that are not found for levofloxacin and moxifloxacin. CYP3A4 is involved in the

metabolism of the new oral multikinase inhibitor sunitinib which is indicated for the treatment of gastrointestinal stromal tumor

(GIST) and advanced renal cell carcinoma (RCC). This study investigated the effects of single intravenous dose of ciprofloxacin,

levofloxacin or moxifloxacin on the pharmacokinetics of sunitinib.

Methods: Rabbits were subjected to one of four study drug groups: sunitinib + ciprofloxacin (n = 6), sunitinib + levofloxacin (n = 6),

sunitinib + moxifloxacin (n = 6), or sunitinib alone (n = 6). The rabbits were treated with sunitinib in the oral dose of 25 mg. The anti-

biotics were administered intravenously at the doses of 20, 25 and 20 mg/kg, respectively. Plasma concentrations of sunitinib and ac-

tive metabolite (SU12662) were measured with validated HPLC method with UV detection.

Results: The comparison of sunitinib Cmax for the sunitinib + ciprofloxacin, sunitinib + levofloxacin, sunitinib + moxifloxacin

group and that for the sunitinib group gave ratios of 1.81 (90% CI 1.33, 2.44), 1.59 (90% CI 1.18, 2.16), 1.06 (90% CI 0.79, 1.44), re-

spectively. The comparison of sunitinib AUC0-¥ for the sunitinib + ciprofloxacin, sunitinib + levofloxacin, sunitinib + moxifloxacin

group and that for the sunitinib group gave ratios of 2.90 (90% CI 1.32, 6.37), 2.45 (1.11, 5.39), 1.58 (0.70, 1.56), respectively. The

mean sunitinib tmax was similar for all four groups. The mean Cmax for SU12662 was similar for both the sunitinib + moxifloxacin

and sunitinib groups (p = 0.9593). However, the mean Cmax for SU12662 for the groups: sunitinib + ciprofloxacin and sunitinib +

levofloxacin were higher (p = 0.0045 and 0.0672, respectively).

Conclusions: The study proved a significant effect of the coadministration of ciprofloxacin and levofloxacin on the pharmacokinet-

ics of sunitinib in rabbits. The influence of moxifloxacin on the pharmacokinetics of sunitinib was insignificant. Therefore, this

fluoroquinolone seems to be the most appropriate in combination with this tyrosine kinase inhibitor.
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Introduction

Sunitinib received approval for the treatment of pa-

tients with gastrointestinal stromal tumor (GIST) and

advanced renal cell carcinoma (RCC) [8, 28]. It is an

oral multireceptor tyrosine kinase inhibitor. Sunitinib

and its active N-desethyl metabolite (SU012662)

block vascular endothelial growth factor receptors,

platelet-derived growth factor receptors [4, 26], stem

cell factor receptor, FMS-like tyrosine kinase 3,

colony-stimulating factor 1 receptor, and glial cell

line-derived neurotrophic factor receptor [24]. The de-

sired therapeutic range of concentrations for sunitinib

is between 50–100 ng/ml (sunitinib plus SU12662)

[10]. Increased exposure to sunitinib measured as

a steady-state AUC (area under the curve) of total

drug (sunitinib and SU12662) is connected with better

clinical outcome, but also with adverse drug reactions

(ADR) [14]. Concomitant use with enzymes inhibi-

tors can cause increased concentrations and risk of

ADR, although some drug combinations not always

have clinical consequences [40].

Fluoroquinolones are mainly used for the treatment

of urinary tract infections, bacterial sinusitis, skin and

soft tissue infections and respiratory infections [1].

They have good efficacy in the treatment of infections

caused by most Gram-negative pathogens and less ac-

tivity against Gram-positive pathogens [30, 39, 41].

Fluoroquinolones are divided into four generations. In

comparison with the first generation, second genera-

tion fluoroquinolones reach the appropriate concen-

tration in the serum and tissues, which enables their

application in the treatment of systemic infections.

Apart from that, they penetrate well into pulmonary

macrophages, which enables effect on atypical bacte-

ria such as Mycoplasma pneumoniae, Legionella

pneumoniae, Chlamydophila pneumoniae. They also

exhibit very good therapeutic effect on Gram-

negative bacteria, including Pseudomonas aerugi-

nosa. The high concentrations of third generation

fluoroquinolones enable their administration once in

24 h. They also exhibit more intense activity against

Streptococcus pneumoniae. It was also demonstrated,

that fourth generation fluoroquinolones exhibit effect

on anaerobic bacteria such as Bacteroides fragilis and

a wide spectrum of effect on Gram-positive and

Gram-negative bacteria [33]. Fluoroquinolones are

also investigated because of unique anti-tumor prop-

erties [9]. Ciprofloxacin, levofloxacin and moxifloxa-

cin are widely used fluoroquinolones, which represent

the second, third and fourth generation, respectively

[33]. Ciprofloxacin is a well-known inhibitor of cyto-

chrome P450 CYP3A4 and causes numerous drug in-

teractions, which are not found for levofloxacin and

moxifloxacin [7, 38]. CYP3A4 is involved in the me-

tabolism of sunitinib to major circulating metabolite

(SU012662) [34] in mice, rats, monkeys, rabbits and

humans [6, 24]. SU012662 is also metabolized by cy-

tochrome P450 3A4 [13].

The current study was conducted to investigate the

effect of three widely used fluoroquinolones on the

pharmacokinetics of sunitinib, because there are no

data available concerning pharmacokinetics of this ty-

rosine kinase inhibitor administered with different

fluoroquinolones. There is increased risk of bacterial

infections in patients with cancer. It is caused by de-

fects in the immune response, which is the conse-

quence of the disease itself, but it may also be the re-

sult of implementation of the anticancer therapy. Be-

cause of the frequent use of fluoroquinolones for the

treatment of bacterial infections, especially urinary

tract infections, there is high probability that this

group of drugs may be associated with patients on

sunitinib. For this reason it is important to check the

pharmacokinetic consequences of coadministration of

these drugs.

Materials and Methods

Reagents

Sunitinib and SU12662 were purchased from LGC

Standards (£omianki, Poland), HPLC grade acetoni-

trile, ammonium acetate and acetic acid from Sigma-

Aldrich and methanol from Merck. Water used in the

mobile phase was deionized, distilled and filtered

through a Milipore system before use. Sutent® was

purchased (batch number P177H) from Pfizer Trading

Polska Sp. z o.o., Warszawa, Poland.

Animals

Adult New Zealand male rabbits, weighing 2.6–3.7 kg,

were used for experiments. The four analyzed groups

under study did not differ significantly in body mass.

All the rabbits were kept in individual metal cages lo-

cated in the animal laboratory of the University of
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Medical Sciences, Department and Unit of Clinical

Pharmacy and Biopharmacy. They were acclimatized

for two weeks prior to the experiments and were

maintained under standard conditions of temperature

(23 ± 2°C) and humidity (56–60%) with an alternat-

ing 12 h light/dark cycles. New Zealand Rabbits were

provided with 100 g of commercial pelleted diet (La-

bofeed KB®: 9.8 MJ/kg metabolic energy, 16.00% to-

tal protein, 0.65% vitamin P, 15,000 IU vitamin A,

1500 JU vitamin D3, and 65 mg vitamin E) and tap

water ad libitum. All experimental procedures related

to this study were approved by the Local Ethics Com-

mittee of Poznañ University of Medical Sciences.

Evaluation of sunitinib and SU12662

pharmacokinetics

The rabbits were divided into four groups (6 animals

in each): I – receiving sunitinib and ciprofloxacin, II –

receiving sunitinib and levofloxacin, III – receiving

sunitinib and moxifloxacin, IV (control) – receiving

sunitinib. Ciprofloxacin (Proxacin® 10 mg/ml; Polfa,

Warszawa, Poland), levofloxacin (Tavanic® 5 mg/ml;

Sanofi-Aventis, Warszawa, Poland), and moxifloxa-

cin (Avalox® 400 mg/250 ml; Bayer, Leverkusen,

Germany) as solutions were administered over 30 min

intravenously with an infusion pump through the left

marginal ear vein at the doses of 20 [2], 25 [43] and

20 [17] mg/kg, respectively. After administration of

the antibiotic sunitinib (Sutent® 25 mg) was adminis-

tered po at the single dose of 25 mg [20]. Blood sam-

ples (3 ml) for sunitinib and SU12662 assays were

collected before and 0.50, 1, 2, 4, 6, 7, 8, 9, 10, 11, 12,

24, 48, 72, 96 h following drug administration. The

blood samples were transferred into heparinized tubes

and they were centrifuged at 4000 rpm for 10 min at

4°C. Next, the plasma was transferred to propylene

tubes and stored at –20°C until analysis.

The measurement of sunitinib concentration in the

blood plasma was made by means of the HPLC

(high-performance liquid chromatography) method

with UV detection, which was a modification of the

method developed by Faivre et al. [5]. Separation was

achieved by isocratic elution of the mobile phase, am-

monium acetate 20 mM pH 3.4 (adjusted with acetic

acid) – acetonitrile (60 : 40, v/v), at a flow rate of

1.0 ml/min through a Symmetry® RP-C8 column (250

× 4.6 mm, 5.0 µm particle size) (Waters®). The col-

umn temperature was maintained at 40°C, the UV-Vis

detection wavelength was set at 431 nm. The total

analysis time for each run was 6 min. The lower limit

of quantification (LLOQ) and limit of detection

(LOD) for sunitinib and SU12662 were 1.0 ng/ml and

0.5 ng/ml, respectively. Intra- and inter-day precision

and accuracy of the LLOQ, low quality control

(2.5 ng/ml), medium quality control (25.0, 125.0 ng/

ml), and high quality control (45.0, 200.0 ng/ml) were

well within the acceptable limit of 10% coefficient of

variation (CV%) for SU12662 and sunitinib, respec-

tively. The calibration for sunitinib was linear in the

range 1.0-250.0 ng/ml (r = 0.999), for SU12662 in the

range 1.0–50 ng/ml (r = 0.998).

Pharmacokinetics analysis

Pharmacokinetic parameters were estimated by non-

compartmental methods using validated software (Phoe-

nixTM WinNonlin® 6.3; Certara L.P., USA). The follow-

ing pharmacokinetic parameters were calculated for

sunitinib: elimination rate constant (kel), area under the

plasma concentration-time curve from time zero to in-

finity (AUC0-¥), area under the plasma concentration-

time curve from zero to the time of last measurable con-

centration (AUC0-t), half-life in elimination phase

(t1/2kel), clearance (CL), area under the first moment

curve (AUMC0-t), mean residence time (MRT).

Statistical analysis

The effect of drug was tested by one-way analysis of

variance in PROC GLM of the SAS package (SAS In-

stitute Inc. 2002-2010. The SAS System for Windows

version 9.3. Cary, NC, 27513-2414 USA). Dunnett

correction was applied for post-hoc comparisons with

the control group. The 90% confidence intervals for

the ratio of geometric means were constructed, except

for tmax for which the confidence intervals were based

on the difference of medians. All the data was ex-

pressed as the mean ± standard deviation (SD).

Results

There was a wide intersubject variability in the phar-

macokinetic parameters, as evidenced by the coeffi-

cients of variation (CV%) (Tab. 1). The mean suniti-

nib Cmax was similar for both the sunitinib + moxi-

floxacin and sunitinib groups (123.4 ± 42.5 and 111.8

± 20.9 ng/ml, respectively; Tab. 1). However, the
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mean sunitinib Cmax for the groups: sunitinib + cipro-

floxacin and sunitinib + levofloxacin were signifi-

cantly higher (203.8 ± 50.6 and 176.5 ± 19.6 ng/ml,

respectively; Tab. 1) with p-values 0.008 and 0.0156,

respectively. The comparison of the Cmax for the

sunitinib + ciprofloxacin, sunitinib + levofloxacin,

sunitinib + moxifloxacin group and that for the suniti-

nib group gave ratios of 1.81 (90% CI 1.33, 2.44),

1.59 (1.18, 2.16), 1.06 (0.79, 1.44), respectively. The

mean sunitinib AUC0-¥ was similar for sunitinib

+ moxifloxacin and sunitinib groups (3529.9 ±

1307.9, and 3256.3 ± 1150.2 ng × h/ml, respectively;

Tab. 1). However, the mean sunitinib AUC0-¥ for the

groups: sunitinib + ciprofloxacin and sunitinib + levo-

floxacin were significantly higher (6261.5 ± 1597.3

and 5210.9 ± 984.1 ng × h/ml, respectively; Tab. 1)

with p-values 0.0018 and 0.0313, respectively. The

comparison of the AUC0-¥ for the sunitinib + cipro-

floxacin, sunitinib + levofloxacin, sunitinib + moxi-

floxacin group and that for the sunitinib group gave

ratios of 2.90 (90% CI 1.32, 6.37), 2.45 (1.11, 5.39),

1.58 (0.70, 3.47), respectively. The mean tmax was

1386 Pharmacological Reports, 2013, 65, 1383�1390

Tab. 1. Pharmacokinetic parameters for sunitinib and SU12662 following a single oral dose of sunitinib 25 mg

Pharmacokinetics

parametersa Control (n = 6)
I

(n = 6)

II

(n = 6)

III

(n = 6)

Gmean ratiob (90% CI)

I

vs. control

II

vs. control

III

vs. control

Sunitinib

AUC
0–t

(ng ´ h/ml)

3068.1 ± 1092.8

(35.6)

5666.3 ± 1393.8

(24.6)

4656.7 ± 754.6

(16.2)

3233.2 ± 1180.5

(36.5)

1.90

(1.28; 2.84)

1.59

(1.07; 2.37)

1.05

(0.70; 1.56)

AUC
0–¥

(ng ´ h/ml)

3256.3 ± 1150.2

(35.3)

6261.5 ± 1597.3

(25.5)

5210.9 ± 984.1

(18.9)

3529.9 ± 1307.9

(37.1)

2.89

(1.32; 6.37)

2.45

(1.11; 5.39)

1.58

(0.72; 3.47)

t
1/2kel

(h) 18.3 ± 2.1

(11.7)

17.7 ± 5.2

(29.2)

17.2 ± 5.7

(32.9)

19.3 ± 7.3

(37.8)

0.95

(0.66; 1.36)

0.89

(0.63; 1.29)

1.01

(0.71; 1.45)

Cl (l/h) 8.5 ± 2.5

(28.9)

4.3 ± 1.2

(28.8)

4.9 ± 0.9

(18.7)

8.1 ± 3.5

(43.5)

0.51

(0.34; 0.76)

0.59

(0.39; 0.89)

0.93

(0.62; 1.39)

C
max

(ng/ml) 111.8 ± 20.9

(18.7)

203.8 ± 50.6

(24.8)

176.5 ± 19.6

(11.1)

123.4 ± 42.5

(34.4)

1.81

(1.33; 2.44)

1.59

(1.18; 2.16)

1.06

(0.79; 1.44)

t
max

(h) 8.7 ± 2.1

(23.7)

8.3 ± 1.9

(22.3)

9.0 ± 1.8

(19.9)

9.3 ± 2.0

(21.1)

0.97

(0.73; 1.29)

1.05

(0.79; 1.39)

1.09

(0.82; 1.44)

MRT (h) 31.0 ± 4.8

(15.5)

29.3 ± 7.3

(24.9)

29.5 ± 5.5

(18.6)

30.4 ± 8.6

(28.2)

0.93

(0.71; 1.23)

0.95

(0.72; 1.25)

0.96

(0.73; 1.27)

AUMC
0–t

(ng ´ h2/ml)

73987.3 ± 28119.7

(38.0)

133278.6 ± 49618.2

(37.2)

108237.4 ± 24774.8

(22.9)

79144.5 ± 37019.6

(46.8)

1.79

(1.08; 2.99)

1.54

(0.92; 2.57)

1.04

(0.62; 1.73)

SU12662

AUC
0–t

(ng ´ h/ml)

360.5 ± 173.1

(48.0)

654.6 ± 155.2

(23.7)

589.7± 274.6

(45.9)

340.3 ± 159.5

(46.9)

1.95

(1.18; 3.23)

1.71

(1.03; 2.82)

0.95

(0.58; 1.57)

AUC
0–¥

(ng ´ h/ml)

477.7 ± 182.4

(38.2)

697.0 ± 166.4

(23.9)

690.4 ± 260.2

(37.7)

387.2 ± 157.7

(40.7)

1.51

(0.98; 2.32)

1.46

(0.95; 2.25)

0.80

(0.52; 1.23)

C
max

(ng/ml)

11.5 ± 5.1

(44.3)

26.4 ± 7.8

(29.8)

21.3 ± 6.0

(28.2)

13.1 ± 8.7

(66.3)

2.39

(1.39; 4.09)

1.93

(1.13; 3.31)

1.05

(0.61; 1.80)

t
max

(h) 12.5 ± 5.8

(46.4)

8.8 ± 1.8

(20.8)

10.2 ± 1.0

(9.7)

9.3 ± 2.0

(21.1)

0.74

(0.55; 1.01)

0.87

(0.64; 1.17)

0.78

(0.58; 1.06)

Control: sunitinib; I: sunitinib + ciprofloxacin; II: sunitinib + levofloxacin; III: sunitinib + moxifloxacin; CI: confidence interval; kel – elimination rate
constant; AUC0�t – area under the plasma concentration-time curve from zero to the time of last measurable concentration; AUC0�¥ – area un-
der the plasma concentration-time curve from zero to infinity; t1/2kel – elimination half-life time; Cl – clearance; Cmax – maximum observed
plasma concentration; tmax – time to reach maximum concentration; MRT – mean residence time; AUMC0-t – area under the first moment curve.
a Arithmetic means ± standard deviations (CV%) are presented, except for tmax, where medians are presented. b Ratio of geometric means
(Gmeans) between groups with the upper and lower bounds of a 90% confidence interval in the brackets, except for tmax, where median differ-
ences are presented



similar for all four groups (Tab. 1). No statistically

significant differences were revealed for mean resi-

dence time and elimination half-life. However, for the

groups: sunitinib + ciprofloxacin and sunitinib + levo-

floxacin clearance values for sunitinib were signifi-

cantly lower with p-values 0.0135 and 0.0399, respec-

tively.

The mean Cmax for SU12662 was similar for both

the sunitinib + moxifloxacin and sunitinib groups (13.1

± 8.7 and 11.5 ± 5.1 ng/ml, respectively; Tab. 1). How-

ever, the mean Cmax for SU12662 for the groups: suniti-

nib + ciprofloxacin and sunitinib + levofloxacin were

higher (26.4 ± 7.8 and 21.3 ± 6.0 ng/ml, respectively;

Tab. 1) with p-values 0.0045 and 0.0672, respectively.

The mean AUC0-¥ for SU12662 was similar for suniti-

nib + moxifloxacin and sunitinib groups (387.2 ±

157.7, and 477.7 ± 182.4, respectively; Tab. 1), but the

mean sunitinib AUC0-¥ for SU12662 for the groups:

sunitinib + ciprofloxacin and sunitinib + levofloxacin

were higher (697.0 ± 166.4 and 690.4 ± 260.2, respec-

tively; Tab. 1), but there were no significant differences

between the analyzed groups.

The arithmetic mean concentrations of sunitinib in

the blood plasma for all groups are shown in Figure 1.

Figure 2 presents the arithmetic mean concentrations of

its active metabolite SU012662 in the blood plasma.

Discussion

By inhibition of CYP3A4 ciprofloxacin increases the

risk of interactions with other drugs [18] e.g., itra-

conazole [37], carbamazepine [31], simvastatin [29],

sildenafil [11], ropivacaine [16], methadone [12],

theophylline [3]. Levofloxacin and moxifloxacin do

not interfere with theophylline metabolism [32], but

in vitro studies showed that levofloxacin is a potent

inhibitor of P-gp (P-glycoprotein) mediated efflux of

[14C]-erythromycin and [3H]-cyclosporine [23, 36]. It

means that levofloxacin can influence oral absorption

of P-gp substrates [36]. Levofloxacin increases lith-

ium levels when they are coadministered [27]. Levo-
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Fig. 1. Sunitinib plasma concentration-
time profiles following a single oral
dose of sunitinib 25 mg in rabbits
(arithmetic mean)

Fig. 2. SU012662plasma concentra-
tion- time profiles following a single
oral dose of sunitinib 25 mg in rabbits
(arithmetic mean)



floxacin can influence the pharmacokinetics of war-

farin, zidovudine, ranitidine, digoxin or cyclosporine

to a small extent [7]. Moxifloxacin is metabolized to

an N-sulfate conjugate and an acyl glucuronide [22]

and is not a substrate for CYP4503A4 isozymes [38].

Moxifloxacin has no clinically significant interactions

[38]. Because of the frequent use of fluoroquinolones

for the treatment of common urinary infections, there

is a wide possibility to associate this group of drugs in

patients on sunitinib. For this reason it is important to

check the pharmacokinetic consequences of coadmin-

istration of the aforementioned drugs, because in the

summary of product characteristics we read that the

coadministration of sunitinib with potent CYP3A4 in-

hibitors should be avoided [15]. In rabbits, CYP3A6

corresponds to CYP3A4 activity in human hepato-

cytes. The rabbit isoform CYP3A6 and the human

isoform CYP3A4 have similar substrate specificity

[19, 21, 42].

The present study demonstrated different effects of

three fluoroquinolones on pharmacokinetics of suniti-

nib. We found that the single administration of levo-

floxacin and ciprofloxacin significantly influences the

concentrations of sunitinib. The mechanism of this in-

teraction may result from the inhibition of CYP3A4

by ciprofloxacin and from the inhibiting effect of

levofloxacin on P-gp. In the in vitro study sunitinib

was a substrate for ATP-binding cassette transporters,

e.g., ABCB1 (P-gp) [25, 35]. It cannot be ruled out

that sunitinib itself may also influence the pharma-

cokinetics of fluoroquinolones. In the groups after the

administration of ciprofloxacin and levofloxacin the

mean sunitinib Cmax values were higher approxi-

mately by 82.3 and 57.9%, respectively, as compared

with the control group. It is difficult to make a definite

interpretation of change in the concentration and

AUC of the active sunitinib metabolite due to the fact

that it is further metabolized with CYP3A4. We ob-

served wide intrasubject variability in PK parameters

for sunitinib and its metabolite but it has already been

reported in the literature [6]. Despite the variability,

ciprofloxacin and levofloxacin were definitely proved

to have significant influence on higher Cmax and AUC

values of sunitinib, which may result in higher risk of

ADR of the drug. It is all the more so because in both

groups there are higher concentration and AUC val-

ues of the active metabolite. Thus, if we consider the

total AUC for sunitinib and SU12662, the differences

between the groups will be even more visible. Moxi-

floxacin seems to be the safest fluoroquinolone for

patients treated with sunitinib. It is the most expen-

sive of the antibiotics under analysis, but the treat-

ment of drug-induced complications in patients also

generates high costs, which are disproportionate to

the cost of the antibiotic. On the other hand, if the pa-

tient is treated with sunitinib and ciprofloxacin or

levofloxacin, they should be particularly carefully ob-

served for possible adverse reactions.

Conclusions

The study proved a significant effect of the coadmin-

istration of ciprofloxacin and levofloxacin on the

pharmacokinetics of sunitinib in rabbits. The influ-

ence of moxifloxacin on the pharmacokinetics of

sunitinib was insignificant. Therefore, moxifloxacin

seems to be the most appropriate in combination with

this tyrosine kinase inhibitor.
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