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ABSTRACT
Purpose Sorafenib, an oral multitargeted tyrosine kinase
inhibitor, is highly bound to plasma proteins (>99.5%). Little
is known about the influence of variations in sorafenib protein
binding on its disposition. The aims of this study were to
characterize in vitro sorafenib binding properties to albumin
using the quenching fluorescence method and investigate
the influence of albuminemia and bilirubinemia on sorafenib
disposition in 54 adult cancer patients.
Results In vitro estimate of sorafenib dissociation constant (Kd)
for albumin was 0.22 μM [CI95 0.20–0.23]. In physiological
conditions, sorafenib unbound fraction would increase 1.7-fold
as albuminemia decreased from 45 g/L (680 μM) to 30 g/L
(453 μM). In presence of bilirubin, apparent Kd of sorafenib
was ~1.5-fold greater for bilirubin/albumin molar ratio of
1:4. In clinical settings, median sorafenib clearance (CL)
was 1.42 L/h (0.75–2.13 L/h). In univariate analysis, sex,

body mass index, and albuminemia were associated with CL
(p=0.04, 0.048, and 0.008, respectively). In multivariate
analysis, albuminemia (p=0.0036) was the single parameter
independently associated with CL.
Conclusion These findings highlight the major influence of
albuminemia on sorafenib clearance and its disposition in cancer
patients.
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ABBREVIATIONS
AAG α1-acid glycoprotein
ALP alkaline phosphatase
ALT aspartate alaninetransferase
AST aspartate aminotransferase
Bmax common binding capacity
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BMI body mass index
Cb bound drug concentration
CL total clearance
CRP protein C-reactive
Ct total concentration of drug
CU unbound concentration of drug
CV coefficient of variation
DMSO dimethyl sulfoxide
fu unbound fraction
GGT Gamma-glutamyl transpeptidase
HSA human serum albumin
ICD induced circular dichroism
Kd dissociation constant
Kdapp apparent dissociation constant
Ki inhibitor constant
Lt concentration of interacting ligand
MYR myristic acid
PDGFR platelet-derived growth factor receptor
Pu unbound protein concentration
VEGFR vascular endothelial growth factor receptor
λexc maximum excitation wavelength
λmax maximum emission wavelength

INTRODUCTION

Sorafenib (Nexavar®), an oral multitargeted tyrosine kinase
inhibitor, targets the kinase domains of vascular endothelial
growth factor receptors (VEGFR-2 and VEGFR-3) and
platelet-derived growth factor receptor family (PDGFR-ß
and stem cell factor receptor [KIT]) (1). Additionally, it
inhibits the kinase activity of both C-RAF and B-RAF.
Sorafenib as a single-agent has demonstrated preclinical
and clinical activity against several tumor types (2–6). In
contrast with standard antineoplastics, sorafenib was also
shown to be suitable for long-term administration because
of its good safety profile (7). Currently, sorafenib is
approved for the treatment of patients with advanced renal
cell carcinoma and those with hepatocellular carcinoma.

A large interindividual variability in sorafenib disposition
was observed in the different Phase I monotherapy trials (8).
In contrast with other available tyrosine kinase inhibitors
(9), little is known about the sources of pharmacokinetic
variability for sorafenib. To date, only food has been
identified as a factor that may contribute to this variability.
However, conflicting data on this issue are published
(10,11). Sorafenib is highly bound (>99.5%) to plasma
proteins and has a low hepatic extraction yield (11).
Therefore, its total clearance (CL) depends primarily on
its plasma unbound fraction (fu), as long as the intrinsic
clearance is unaffected. Hence, variations in sorafenib

protein binding may contribute to the variability in
sorafenib exposure.

Sorafenib is mainly bound to albumin, whose physiolog-
ical role is also to serve as a transporter for fatty acids and
bilirubin. In several pathological states, these endogenous
ligands can accumulate to relatively high concentrations
that can displace drugs highly bound to albumin, resulting
in a significant increase in fu of these drugs (12). Patients
with advanced solid tumors frequently exhibit denutrition,
severe renal or hepatic impairment. Under those circum-
stances, hypoalbuminemia, hypertriglyceridemia or hyper-
bilirubinemia can occur; therefore, an increase in sorafenib
fu resulting in an enhanced CL should be expected. In this
context, characterizing the sorafenib binding to albumin is
of critical pharmacological and clinical interest. Finally,
Zsila et al. recently showed that sorafenib also binds to α1-
acid glycoprotein (AAG) (13), although this result is in
disagreement with the data provided by the manufacturer
of sorafenib (11). As serum AAG concentration can be
increased by 1.6–3.0 fold in several neoplasia, AAG may
potentially be a parameter influencing sorafenib CL.

By using the quenching fluorescence method, we aimed
to first characterize in vitro the binding properties of
sorafenib to albumin and AAG, then to investigate the
influence of bilirubin and fatty acids on sorafenib binding
to albumin. Given that our in vitro data suggested that
hypoalbuminemia and/or severe hyperbilirubinemia might
modulate sorafenib albumin binding in vivo, we explored
the influence of albuminemia and bilirubinemia on drug
disposition in adult outpatients with advanced solid tumors
receiving single-agent sorafenib.

MATERIALS AND METHODS

Chemicals and Apparatus

Human serum albumin (HSA, fraction V fatty acid free),
AAG from human plasma (purity 99%), myristic acid (MYR),
dimethyl sulfoxide (DMSO) and Tris-HCl were purchased
from Sigma (St. Louis, MO, USA). Sorafenib was purchased
in LC Laboratories (Woburn, USA). A 2 μM protein solution
(HSA or AAG) was prepared in Tris-HCl buffer solution
(0.5 M, pH 7.4). Stock solution of sorafenib (1 g/L) was
prepared inmethanol, then stored at−20°C in the dark. Stock
solution of MYR (5,000 μM) was prepared in methanol, then
stored at 4°C in the dark up to 1 week. Stock solution of
bilirubin (250 μM) was daily prepared in 0.5 M NaOH.

A Shimadzu RF-1501 fluorescence spectrophotometer
(Champs sur Marne, France) equipped with a 10 mm
quartz cell was used to measure the fluorescence spectra
and the fluorescence intensity. The maximum excitation
wavelength (λexc) and maximum emission wavelength
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(λmax) for HSA and AAG were 280 nm and 354 nm,
respectively. Sorafenib, bilirubin and MYR had negligible
fluorescence at λexc of 280 nm.

The chromatography system used to assay plasma
sorafenib concentration consisted of Dionex Ultimate 300
equipped with a gradient pump with degas option and
gradient mixer, a UV-visible detector, an autosampler, and
a Chromeleon® chromatography workstation (Dionex
Corporation, Sunnyvale, CA, USA). Chromatographic
separation was achieved on a C8+ Satisfaction®
(250 mm×3 mm, 5 μm; Cluzeau Info Labo, Courbevoie,
France) associated with a guard column packed with the
same bonded phase.

Sorafenib Binding to Albumin or α1-Acid Glycoprotein

Appropriate amounts of sorafenib were transferred in 5 ml
glass tube and evaporated to dryness under a gentle stream
of nitrogen gas. Then, the dry residues were reconstituted
with 50 μl of DMSO and completed to 1 ml with 2 μM
protein solution (HSA or AAG). The final concentrations of
sorafenib were in the range 0.05–50 μM. The resultant
mixture was incubated 1 h at 37°C. A blank system
containing 50 μl DMSO and 950 μl of 2 μM protein
solution was similarly prepared. After 1 h incubation,
fluorescence intensity was measured. Each experiment was
performed in triplicate.

Influence of MYR and Bilirubin on Sorafenib Binding
to Albumin

Appropriate amounts of sorafenib were transferred in 5 ml
glass tube and evaporated to dryness under a gentle stream
of nitrogen gas. Dry residues were reconstituted in 1 ml of
2 μM HSA solution including either MYR or bilirubin
solution 2% (v/v). MYR or bilirubin was added in HSA
solution during sorafenib dry residue reconstitution. The
incubation time for MYR and bilirubin was 60 min. In
presence of bilirubin, the mixture was incubated in the dark
to avoid photodegradation of bilirubin (14). The final
concentrations of sorafenib were in the range 0.05–10 μM.
The final concentrations of MYR were 10, 20, 100 and
250 μM, and those of bilirubin were 0.1, 0.5, 1 and 5 μM.
These concentrations of MYR and bilirubin were far from
those observed in physiological conditions, but the ratios
MYR/HSA or bilirubin/HSA were in the physiological
range.

Data Analysis from the Quenching Method

The fluorescence intensity versus drug concentration data were
analyzed by non-linear regression. The fluorescence intensity
was calculated as the mean of the three experiments. The

exact mathematical expression for describing competitive
binding of two different ligands (sorafenib and bilirubin) to a
protein molecule (15) was fitted to the data by weighted least-
squares. The coefficient of variation (CV) of the residual
error model used for weighting fluorescence intensity
measurements was assumed to be constant and equal to
3%. This model involves the dissociation constant (Kddrug,
KdL) of each ligand, the common binding capacity (Bmax) of
the drug, the fixed total concentration of the interacting
ligand (Lt), as well as parameters related to the quenching
ability of both ligands. From these parameters, the bound
drug concentration (Cb) could be calculated from the
unbound protein concentration (Pu) and the total concen-
tration of drug (Ct) as Cb ¼ Ct � Pu= Kddrug þ Pu

� �
. The

unbound concentration of drug (Cu) was calculated from the
formula Cu = Ct−Cb, and the unbound fraction (fu) as fu =
Cu/Ct. In presence of a competitive ligand (L), the apparent
Kd of the drug was calculated as Kdapp ¼ Kddrug �
1þ Lu=Kið Þ½ �, where Lu is the unbound concentration of
the competitive ligand and Ki is equal to KdL in most
instances. By using the quenching fluorescence method, we
recently investigated the binding properties of bilirubin to
albumin and documented a Kd value of 1.06 μM for
bilirubin (16). This value was thus used as Ki for bilirubin.
Finally, sorafenib unbound fraction in in vivo conditions was
extrapolated from the formula: fu ¼ Kd= Kdþ n»Pt � Ctð Þ,
where Pt and n are protein concentration and the number of
binding sites on protein for sorafenib, respectively. Given that
the total plasma sorafenib concentration ranges from 2 to
10 mg/L in clinical settings, the total sorafenib concentration
(Ct) was fixed at 5 mg/L (=10.8 μM). The results are
expressed as point estimates [95% confidence interval].

Clinical Study

From April 2008 to July 2010, consecutive unselected
patients with advanced solid tumors were prospectively
included in a study cohort regardless of the type of tumor.
To be eligible, cancer patients (>18 years old) had to be
treated by single agent sorafenib. This study was approved
by the local Review Board for Oncology, and all patients
provided written informed consent, in compliance with the
ethical principle of the revised Declaration of Helsinki
(Edimburg, 2000) and according to French regulations.

According to their general status, patients were started
on sorafenib at a daily dose of 200 or 400 mg twice daily.
At the time of the first follow-up visit (at least 8 days after
treatment initiation), plasma samples were collected to
assess plasma sorafenib concentrations at steady state.
Sorafenib concentration determinations were conducted in
our laboratory using a previously published method (17).
The accuracy, within-assay and between-assay precision of
this method were 96.9–104.0%, 3.4–6.2% and 7.6–9.9%,
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respectively. Finally, a specific bayesian estimator devel-
oped in our institution (18) allowed estimating individual
sorafenib CL. A one-compartment model with saturated
absorption, first-order intestinal loss and linear elimination
was implemented in the ADAPT II software package (19),
then used to estimate individual sorafenib clearance. For
the residual error model, the coefficient of variation (CV) of
the residual error was assumed to be constant, with CV
fixed to 40%, in agreement with a previous unpublished
population study.

Statistical Analyses for the Clinical Study

Results are expressed as median (range) or [interquartile
range]. Categorical data were summarized by frequency
counts and percentages. Associations between CL and
baseline parameters (age, sex, body mass index (BMI),
AST, ALT, GGT, ALP, bilirubinemia, albuminemia and
C-reactive protein (CRP) level) were inferred using the
Spearman correlation test or the Mann-Whitney U-test

when appropriate. In order to identify the independent
factors influencing sorafenib CL, multivariate analysis was
done using a multiple regression with both forward and
backward selection methods. Variables that showed a
significance of p<0.05 in the univariate analysis were
selected for inclusion in the multivariate analysis. All the
results from the multivariate analysis with p<0.05 were
considered significant. The 95% confidence interval
(CI95%) of parameter estimates was obtained by boot-
strapping (3,000 replications). Calculations were done with
NCSS 2007 software (NCSS, Kaysville, UT).

RESULTS

Binding Properties to Albumin or α1-Acid Glycoprotein

As shown in Fig. 1, sorafenib quenched both HSA (Fig. 1a)
and AAG (Fig. 1b) fluorescence in a concentration-
dependent manner. For HSA, the estimates of Kd and Bmax

Fig. 1 Quenching curve of (a)
human serum albumin or (b) α1-
acid glycoprotein (AAG) in pres-
ence of sorafenib. RF0 and RF are
the relative fluorescence intensities
of protein in the absence and
presence of sorafenib.
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were 0.22 [0.20–0.23] μM and 0.66 [0.61–0.70] μM,
respectively. For AAG, the estimates of Kd and Bmax were
0.90 [0.31–1.48] μM and 1.39 [0.45–2.34] μM, respectively.
As a 2 μM protein solution was used for these analyses, we
calculated that 0.33 mol of sorafenib can be bound by 1 mol
of HSA and that 0.70 mol can be bound by 1 mol of AAG.
Given that Ka=1/Kd, the AAG/HSA nKa ratio would be
0.52. Fig. 2 presents a simulation of sorafenib fu at various
physiological plasma concentrations of HSA (Fig. 2a) or
AAG (Fig. 2b). Thus, sorafenib fu would be 0.1% and 0.17%
at albumin concentration of 680 μM (45 g/L) and 453 μM
(30 g/L), respectively. Regarding AAG, sorafenib fu would
be 2.8% and 0.78% at physiological concentrations of
30 μM (1.3 g/L) and 90 μM (3.9 g/L).

In Vitro Influence of Bilirubin and MYR on Sorafenib
Binding to Albumin

In presence of bilirubin or MYR, the binding of sorafenib
to albumin was disrupted (Fig. 3). For bilirubin concen-

trations ranging from 0.5 to 5 μM, Kdapp of sorafenib was
approximately 1.4- to 5.5-fold greater than Kd previously
determined without bilirubin (Table I). At MYR concen-
trations of 100 and 250 μM, Kdapp of sorafenib was
approximately 4- and 10-fold greater than Kd previously
determined without MYR, respectively (Table I).

Clinical Study

Fifty-four adult cancer patients with advanced solid tumors
were enrolled in the study. Clinical and biological baseline
characteristics are summarized in Table II. The most
common primary tumor sites were melanoma (37%) and
hepatocellular carcinoma (26%). The median sampling
time after treatment initiation was 11 (7–28) days. The
median dose of sorafenib was 800 mg/day (400–800). The
median sorafenib clearance was 1.42 L/h (0.75–2.13 L/h)
(Fig. 4). In the univariate analysis, sex (p=0.04), BMI (p=
0.048) and albuminemia (p=0.008) were the three param-
eters associated with sorafenib CL (Table III). In the

Fig. 2 Simulation of sorafenib un-
bound fraction to various plasma
concentrations of (a) albumin or (b)
α1-acid glycoprotein (AAG). The
relation between drug unbound
fraction (fu) and protein concentra-
tion (Cprot) was extrapolated
from the formula fu ¼
Kdsorafenib= Kdsorafenib þ nððð
»CprotÞ � CtdrugÞÞ»100. Total
sorafenib concentration (Ctdrug)
was fixed at 10.8 μM (=5 mg/L).
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multivariate analysis, albuminemia (p=0.0036) was the
single parameter independently associated with sorafenib
CL. Overall, the relation was CL=2.37 [CI95 1.73–3.0]–
0.026 [CI95 −0.043– −0.009]*albuminemia (r=0.39).

DISCUSSION

The pharmacokinetics of sorafenib in cancer patients
display a substantial interindividual variability (8). The

Fig. 3 Quenching curves of hu-
man serum albumin in presence
of sorafenib and myristic acid (a)
or bilirubin (b). RF0 is the relative
fluorescence intensity of albumin
in the presence of endogenous
ligand (myristic acid or bilirubin) at
respective concentration. RF is the
relative fluorescence intensity in
presence of sorafenib and endog-
enous ligand.

Sorafenib Kdapp (μM) CI95 Ligand Ki (μM) CI95

Bilirubin (μM)

0 0.22 0.20–0.23 – –

0.1 0.24 0.17–0.31 – –

0.5 0.32 0.24–0.41 – –

1 0.42 0.30–0.54 – –

5 1.25 0.99–1.59 – –

MYR concentration (μM)

0 0.22 0.20–0.23 – –

10 0.28 0.22–0.31 34.40 20.56–52.30

20 0.31 0.23–0.39 25.12 14.38–35.86

100 0.89 0.80–0.98 32.66 28.74–36.60

250 2.15 1.29–3.01 28.46 15.91–41.00

Table I Estimates of Apparent
Dissociation Constant of Sorafe-
nib in Presence of Increasing
Concentrations of Bilirubin or
Myristic Acid

Values are expressed as point
estimates with 95% confidence
interval (CI95)

MYR myristic acid; Kdapp apparent
dissolution constant

Ki is the inhibitor constant of
ligand. For bilirubin, Ki was fixed
at 1.06 μM (16)
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knowledge of factors that contribute to its pharmacokinetic
variability is warranted to better anticipate excessive
toxicity and, conversely, lack of efficacy. As reported herein,
our data offer the first evidence that albuminemia influen-
ces sorafenib CL and thus contributes to the interindividual
variability in sorafenib disposition.

By using the induced circular dichroism (ICD) spectrosco-
py, Zsila et al. previously reported AAG and albumin values
of sorafenib Kd which are approximately 2- and 100-fold
higher than ours, respectively (13). Differing experimental
conditions may account for the large discrepancy in albumin
values of sorafenib Kd between the two investigations.
Indeed, Zsila et al. used a physiological concentration of
albumin, while we worked at a low, non-physiological
concentration (2 μM) to avoid the non-linearities caused by
the inner filter effect. However, Parikh et al. showed for
several drugs that the quenching fluorescence method
correlated well with equilibrium dialysis, a reference tech-
nique using physiological concentrations of albumin (20).
Therefore, their work supports the idea that the low
concentration of albumin does not affect the estimation of
sorafenib Kd. In contrast, the fatty-acid composition of
albumin may influence the affinity of sorafenib for albumin
and therefore explain the discrepancy between the two
studies, but Zsila et al. do not provide this specific
information. Overall, the difference in albumin values of
sorafenib Kd between the two studies remains unclear. From
our Kd value and number of binding sites, we estimated a
99.9% binding of sorafenib to albumin at normal physiolog-
ical concentration (45 g/L). However, based on an extrapo-
lation, the estimate is greatly concordant with the results
documented in vivo by the manufacturer and Miller et al.
(99.9 and 99.5%, respectively) (11,21). Taken together, these
different results support the reliability of the quenching
fluorescence method to explore the protein binding charac-
teristics of sorafenib. Additionally, they confirm that sorafe-
nib binds to AAG, but to a greater extent to albumin.
Despite the strong binding affinity of sorafenib to AAG, the
AAG/HSA n.Ka.P ratio would not be large enough to

Table II Clinical and Biological Characteristics of Study Group

Characteristics N=54

Demographic data

Gender, n [%]

Male 35 (65%)

Female 19 (35%)

Age in years 61 [55–73]

BMI (kg/m²) 25 [22.4–28.3]

Primary sites, n [%]

Melanoma 20 (37%)

Hepatocarcinoma 14 (26%)

Thyroid cancer 11 (20%)

Renal cell carcinoma 6 (11%)

Neuro-endocrine tumor 3 (6%)

Baseline biological data

AST (UI/L) 31 [26–43]

ALT (UI/L) 25 [17–41]

ALP (UI/L) 88 [62–147]

GGT (UI/L) 54 [30–128]

Bilirubin (μmol/L) 9 [7–12]

Albumin (g/L) 38 [35–41]

CRP (mg/l) 10 [4–38]

Results are expressed median [interquartile range]

ALP alkaline phosphatase; ALT alanine aminotransferase; AST aspartate
aminotransferase; BMI body mass index; CRP C-reactive protein; GGT
Gamma-glutamyl transpeptidase

Fig. 4 Interindividual variations in sorafenib clearance.

Table III Univariate and Multivariate Analysis of Parameters Potentially
Influencing Sorafenib Clearance

Covariate Univariate Multivariate

rho CI95% P value P value

Sex 0.28 0.016–0.51 0.04 0.06

Age −0.003 −0.27–0.27 0.98

BMI −0.28 −0.52–−0.003 0.048 0.14

AST 0.21 −0.07–0.45 0.14

ALT 0.23 −0.05–0.47 0.11

ALP 0.17 −0.11–0.42 0.23

GGT 0.19 −0.09–0.44 0.18

Bilirubin 0.24 −0.04–0.48 0.09

Albumin −0.37 −0.58–−0.11 0.008 0.0036

CRP 0.29 −0.003–0.54 0.05

ALP alkaline phosphatase; ALT alanine aminotransferase; AST aspartate
aminotransferase; BMI body mass index; CI95% 95% confidence interval;
CRP C-reactive protein; GGT Gamma-glutamyl transpeptidase
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compensate the higher concentration of albumin (~670 μM)
over AAG (20–40 μM) in plasma. This would remain true
even if the increased AAG and reduced HSA plasma levels
in malignant diseases were taken into account. Therefore,
these results confirm that sorafenib is primarily bound to
albumin in human plasma.

This is the first report to investigate in vitro the influence
of bilirubin and MYR on sorafenib binding to albumin. Of
all the factors investigated, we found that the albumin
concentration itself provided the most substantial effect.
Thus, sorafenib fu would increase 1.7-fold if the HSA
concentration decreased from its physiological concentra-
tion of 45 g/L to 30 g/L. Regarding the influence of
endogenous ligands on sorafenib binding, our experiments
suggest that in clinical settings, the risk of competition with
sorafenib for albumin binding sites appears further likely
with bilirubin than with fatty acids. Indeed, bilirubin
significantly disrupts sorafenib binding to albumin for a
bilirubin/albumin molar ratio of 1:4. Physicians should be
aware that a patient with normal albumin concentration
(~670 μM) may present this 1:4 ratio when his total
bilirubin concentration is greater than 170 μM. Therefore,
a significant competition between sorafenib and bilirubin
for albumin binding sites should be expected in patients
experiencing severe hyperbilirubinemia. In contrast, no
significant effect of MYR on sorafenib albumin binding was
observed up to a MYR/albumin molar ratio of 10:1. As the
free fatty acids/albumin molar ratio rarely exceeds 8:1 in
severe physiological states (12), the event of a competition
between sorafenib and fatty acids for albumin binding sites
seems to be unlikely in clinical settings. Overall, our in vitro
data suggest that hypoalbuminemia and/or severe hyper-
bilirubinemia in cancer patients might cause wide varia-
tions in sorafenib fu.

Many studies have demonstrated considerable interindi-
vidual variability in sorafenib exposure in cancer patients
treated with single-agent sorafenib (9). In agreement with
these studies, we observed a large variability in sorafenib
disposition at steady state in our cohort. Herein, we present
the first report of an inverse correlation between sorafenib
CL and albuminemia. Additionally, in the multivariate
analysis, albuminemia was the sole factor that was signifi-
cantly associated with sorafenib CL. These results suggest
that albuminemia may contribute to the interindividual
variability in sorafenib disposition. Sorafenib CL primarily
depends on fu, as long as the intrinsic clearance is unaffected.
In this context, the variability in CL could result from
fluctuations in fu related to variations in albuminemia. Our
in vivo simulation supports this hypothesis. However, the
determination of the plasma sorafenib fu, which would allow
adequate demonstration, could not be performed because of
a lack of sensitivity in our analytical method. To our
knowledge, only Miller et al. explored the variations in

sorafenib fu in cohorts of cancer patients with varying
degrees of hepatic or renal impairment (21). Sorafenib fu was
assessed after a single 400 mg-dose of sorafenib in patients
with solid tumors or hematologic malignancies (multiple
myeloma, non-Hodgkin’s lymphoma). The work of Miller et
al. points out the high variability in sorafenib fu regardless of
albuminemia and bilirubinemia. Furthermore, the authors
have failed to identify a relationship between sorafenib fu
and albuminemia or bilirubinemia (21). As we could not
directly measure fu in the present work, the comparison
between our results and those of Miller et al. should be
interpreted with caution. Further studies are needed to
clarify the variations in sorafenib fu in patients experiencing
hypoalbuminemia and/or hyperbilirubinemia.

Inflammation, a common feature in cancer disease, is
known to down-regulate both CYP3A4 expression and
metabolic activities in liver and extra-hepatic tissues (22).
Alexandre et al. recently reported a relationship between
CYP3A4 activity and inflammatory status in cancer
patients under docetaxel (23). Sorafenib is subjected to
CYP3A4-mediated oxidation and UGT1A9-mediated glu-
curonidation; thereby, inflammatory status could influence
sorafenib clearance. In the present study, the CRP level is
not associated with sorafenib clearance in the multivariate
analysis. As CYP3A4 pathway may account for a small
fraction of the total elimination of sorafenib (24), the
influence of the inflammatory status on sorafenib clearance
could be limited. Further investigations are required to
confirm this result.

Finally, it is important to realize that an increase in
sorafenib fu would increase its clearance, thereby lowering
its total concentration in plasma, while the average free active
concentration would remain unchanged because both varia-
tions compensate each other exactly. This phenomenon has
been well documented in transplant recipients treated with
mycophenolic acid, another restrictively cleared drug which is
highly bound to albumin (25,26). In this context, the
pharmacokinetic/pharmacodynamic relationships for antitu-
mor activity or toxicity based on sorafenib total exposure can
be biased or confounded in clinical trials including hypo-
albuminemic patients. Besides, the therapeutic drug moni-
toring for sorafenib is not currently recommended, but the
large interindividual variability in sorafenib disposition (9)
and the risk of pharmacokinetic drug-drug interactions (27)
support its use. Patients treated with sorafenib frequently
exhibit hypoalbuminemia related to denutrition, hepatic
impairment or proteinuria, a common sorafenib-induced
adverse event. Under those circumstances, a low total
sorafenib exposure may be falsely interpreted as a low
exposure to free active sorafenib, leading to the unnecessary
recommendation of a higher dose and therefore to overex-
posure that might result in severe toxicity. This suggests that
hypoalbuminemia should be taken into account in associa-
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tion with clinical end-points to rationalize sorafenib dosing
regimens in cancer patients with low total sorafenib
exposure.

In conclusion, the present findings shed light on the
major influence of albuminemia on sorafenib CL and
therefore on its disposition in adult cancer patients with
advanced solid tumors. According to our in vitro experi-
ments, severe hyperbilirubinemia should also affect CL.
Overall, the present study paves the way for monitoring of
albuminemia in a context of an individualized dosing
regimen of sorafenib in cancer patients. Further studies
are warranted to confirm this hypothesis.
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