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LEARNING OBJECTIVES

After completing this course, the reader will be able to:

1. Describe the profile of severe toxicities in patients treated with sorafenib.

2. Summarize the pharmacokinetics of sorafenib-induced toxicities.

3. Identify predictive factors for early and delayed toxicities in patients treated with sorafenib.

This article is available for continuing medical education credit at CME.TheOncologist.com.CMECME

ABSTRACT

Background. Sorafenib displays major interpatient phar-
macokinetic variability. It is unknown whether the phar-
macokinetics of sorafenib influence its toxicity.

Methods. We analyzed the severity and kinetics of
sorafenib-induced toxicities in unselected consecutive pa-
tients with cancer, as well as their relationship with biolog-

ical, clinical, and pharmacokinetic parameters. Toxicity
was recorded bimonthly. Sorafenib plasma concentrations
were assessed by liquid chromatography.

Results. For 83 patients (median age, 62 years; range,
21– 84 years), median sorafenib 12-hour area under the
curve (AUC0–12) was 52.8 mg � h/L (range: 11.8–199.6). A
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total of 51 patients (61%) experienced grade 3–4 toxicities,
including hand-foot skin reactions (23%), asthenia (18%),
and diarrhea (11%). Sorafenib AUC0–12 preceding grade
3–4 toxicities was significantly higher than that observed
in the remaining population (61.9 mg � h/L vs. 53 mg � h/L).
In 25 patients treated with fixed doses of sorafenib for the
first 4 months, median dose-normalized AUC0–12 on day
120 was significantly lower than on day 15 (63 vs. 102 mg �

h/L). The incidence of hypertension and hand-foot skin re-
actions significantly decreased over time.

Conclusion. Sorafenib AUC0 –12 decreases over time,
similarly to the incidence of hypertension and hand-foot
skin reactions. Monitoring of sorafenib plasma concentra-
tions may help to prevent acute severe toxicities and detect
patients with suboptimal exposure at disease progression.
The Oncologist 2012;17:1204–1212

INTRODUCTION
Sorafenib is an oral multikinase inhibitor that targets the Raf
serine/threonine kinases (Raf-1, wild-type B-Raf, and b-raf
V600E); vascular endothelial growth factor receptor (VEGFR)
1, VEGFR-2, and VEGFR-3; and the platelet-derived growth
factor receptors [1]. Sorafenib is approved for the treatment of
patients with advanced renal cell carcinoma and unresectable
hepatocellular carcinoma [2, 3]. It has shown clinical activity
in patients with a variety of tumors, including differentiated
thyroid cancer, melanoma, and soft-tissue sarcoma [4 – 8].
Sorafenib is highly bound (99%) to plasma proteins, mainly to
albumin [9, 10]. Sorafenib is metabolized primarily in the liver
undergoing oxidative metabolism, mediated by CYP3A4, as
well as glucuronidation mediated by UGT1A9. Sorafenib is
mainly eliminated in the feces. Sorafenib undergoes enterohe-
patic circulation [11]. Its terminal half-life ranges from 25–38
hours [12].

A large interindividual variability of pharmacokinetic pa-
rameters was observed during phase I studies of sorafenib [9,
10]. Most sorafenib-induced severe toxicities are nonhemato-
logical, including hand-foot skin reactions (HFSRs), diarrhea,
and asthenia. These toxicities are difficult to handle and antic-
ipate; they caused treatment reduction in 35% of patients or
termination in approximately 10% of patients in an open-label
expanded access program [11]. An even higher prevalence of
such toxicities may be expected in nonselected patients, as
demonstrated in published experiences outside of clinical trials
[12, 13]. Furthermore, it is unknown whether sorafenib expo-
sure could influence toxicity prevalence and severity.

In an attempt to answer these questions, we analyzed the se-
verity and timing of sorafenib-induced toxicities in a cohort of un-
selected consecutive patients with cancer, as well as their
relationship with biological, clinical, and pharmacokinetic pa-
rameters.

PATIENTS AND METHODS
All consecutive patients with advanced, metastatic, or recurrent
solid tumors who were treated with sorafenib in our institution be-
tween April 2008 and October 2010 were eligible for this retro-
spective analysis. All patients met the following criteria: age �18
years; presence of clinically and/or radiologically assessable dis-
ease; and adequate bone marrow, liver, and renal function. Pa-
tients with brain metastases were included as well. Diets and
activity were not restricted. All patients underwent bimonthly
monitoring of sorafenib plasma concentrations and provided writ-
ten informed consent for this procedure.

Treatment Plan, Adverse Events, and Efficacy
Patients were started on sorafenib (200 or 400 mg, based on the
treating physician’s recommendation) on a twice-daily sched-
ule. Subsequently, doses were adjusted based on adverse
events by 200-mg decrements.

During the treatment period, physical examination, com-
plete blood cell count, serum chemistry, and urine analysis
were performed twice monthly. Patients received instructions
to monitor blood pressure twice daily at home, using a blood
pressure monitoring device validated by the French health au-
thorities (AFSSAPS [Agence Française de Sécurité Sanitaire
des Produits de Santé]), as recommended by international
guidelines. A multidisciplinary team including an oncologist,
cardiologist, dermatologist, nephrologist, and pharmacist eval-
uated prospectively and graded toxicity according to the Na-
tional Cancer Institute-Common Toxicity Criteria for Adverse
Events (NCI-CTCAE) version 3.0 [14] at each visit. Hyperten-
sion was retrospectively graded according to the NCI-CTCAE
version 4.0 [15]. In the case of grade 4 hematological toxicity
and grade 3 or 4 nonhematological toxicity, treatment was de-
layed until side effects had recovered to grades 1–2 or returned
to baseline. Subsequent dose reductions were left to the discre-
tion of the treating physician. Dose-limiting toxicity (DLT)
was defined as toxicity resulting in dose reduction or perma-
nent discontinuation of sorafenib. Follow-up ended 4 months
after the last patient had started treatment.

Pharmacokinetic Assessments
Blood samples (5-mL aliquots) for the determination of
plasma concentrations of sorafenib were collected at each fol-
low-up visit. Samples were collected into lithium heparinized
Vacutainer tubes (Becton Dickinson, Le Pont-De-Claix,
France), and centrifuged at 3,000 rpm for 5 minutes at 4°C.
Samples were transferred to polypropylene tubes and kept at
�20°C until assay.

Sorafenib concentrations in plasma were determined using
high-performance liquid chromatography, with a lower limit
of quantitation of 0.5 mg/L [16]. Intra- and interassay precision
rates were less than 7% and 10%, respectively, at 0.5, 3, and 20
mg/L.

Plasma pharmacokinetic parameters were calculated, and
the projected 12-hour area under the curve (AUC0–12) per 400
mg of sorafenib was estimated using a previously described
Bayesian estimator [17]. The potential correlations between
AUC0–12 and systemic toxicities associated with the adminis-
tration of sorafenib were assessed.
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Statistical Analysis
Data are expressed as means � standard deviations or medians
(range). To explore the effect of exposure on the occurrence of
grade 3– 4 adverse events (AEs), sorafenib concentrations
measured during the 3 weeks preceding each grade 3–4 AE
were pooled.

Associations between biological, pharmacokinetic, and clini-
cal parameters and toxicities were determined by univariate anal-
ysis using the Wilcoxon W test or Fisher’s exact test, when
appropriate. We investigated whether baseline clinical character-
istics (age, sex, performance status, body mass index, primary tu-
mor, prior treatment) and biological parameters (baseline and
D30 albumin and bilirubin, C-reactive protein) could predict the
occurrence of severe toxicities. The worst clinically significant
(grade 2–4) treatment-associated toxicities (diarrhea, HFSR, hy-
pertension, and asthenia) were analyzed.

Parameters associated with toxicity with a p-value �.10
were entered in a multivariate model. Multivariate analysis
was performed using multiple regression with backward and
forward procedures and bootstrapping (2,000 iterations).

Areas under the concentration-time curve were compared
using the Mann-Whitney U test. All comparison tests were
two-sided. A p-value �.05 was considered to be statistically
significant. Calculations were performed with NCSS 2007
Software (NCSS, Kaysville, UT).

RESULTS
From April 2008 to October 2010, a total of 86 patients were
treated with sorafenib in our institution. Three patients were
excluded because of treatment duration �7 days or missing
data. The baseline characteristics of the remaining 83 patients
are shown in Table 1.

The median patient age was 62 years (range, 21–84 years),
with 35% of patients being older than 70 years. Many patients
had comorbidities or cardiovascular risk factors, such as hy-
pertension (32%), diabetes (22%), current smoking (20%), and
coronary disease, heart failure, or atrial fibrillation (18%). No
patient received concomitant treatment with a known CYP3A4
inducer or inhibitor susceptible to interfere with sorafenib me-
tabolism.

The most common primary tumors were hepatocellular
carcinoma (HCC, 53%) and melanoma (19%). All patients
with HCC had Child-Pugh class A cirrhosis, except for two pa-
tients with Child-Pugh class B cirrhosis.

The median duration of treatment was 5.4 months (range,
0.25–43). A majority of patients were started on sorafenib at a
dose of 400 mg b.i.d., with 19 patients starting at a dose of 200
mg b.i.d.

Safety and Dose Reductions
Toxicities occurring in �5% of patients and/or reaching grade
3–4 severity are shown in Table 2. The most frequent nonhe-
matological grade 1–2 AEs were asthenia, HFSR, diarrhea, hy-
pertension, rash, anorexia, and alopecia. A total of 51 patients
(61%) experienced grade 3 toxicities. The most frequent grade
3 AEs were HFSR (23%), asthenia (18%), and diarrhea (11%).
Thrombocytopenia (7%) and anemia (4%) were the most fre-

quently observed hematological grade 1–2 AEs. There were no
toxic deaths related to sorafenib. Infrequent toxicities were ob-
served, including pneumatosis intestinalis (n � 1) [18] and
spiny follicular hyperkeratosis (n � 9) [19].

In all, 38 patients (46%) experienced a DLT event, including
32 patients (38.5%) who had a dose reduction and 6 patients
(7.2%) for whom treatment was withdrawn (Table 3). During the
first 2 months of treatment, a total of 25 patients experienced DLT
events, including 21 patients who had a dose reduction and 4 pa-

Table 1. Patient characteristics (n � 83)

Variable n (%)

Sex

Male 58 (70)

Female 25 (30)

Age, median yrs (range) 62 (21–84)

Age group

�65 yrs 47 (56)

65–74 yrs 18 (22)

�75 yrs 18 (22)

Eastern Cooperative Oncology Group
performance status

0–1 57 (69)

�2 26 (31)

Tumor type

Hepatocellular carcinoma 44 (53)

Melanoma 16 (19)

Thyroid carcinoma 13 (16)

Renal cell carcinoma 6 (7)

Neuroendocrine carcinoma 3 (4)

Soft tissue sarcoma 1 (1)

Number of previous chemotherapy lines

�2 64 (77)

�2 19 (23)

Type of previous treatment

Cytotoxic agent 28 (34)

Tyrosine kinase inhibitors 7 (8)

Chemoembolization 25 (30)

Number of metastatic sites

�2 61 (74)

� 2 22 (26)

Comorbidities

Hypertension 27 (32)

Diabetes 18 (22)

Current smoker 17 (20)

Coronary disease, heart failure, or
atrial fibrillation

15 (18)

Dyslipidemia 10 (12)
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tients who had a permanent discontinuation of treatment. Only
three patients experienced more than one DLT event.

Analysis of Common Toxicities over Time, Initial
Presentation, Prevalence, and Incidence per Period
In the first 2 weeks of treatment, HFSR, hypertension, and diar-
rhea occurred in 36.2%, 31.3%, and 25.2% of patients, respec-

tively. Table 4 indicates the timing of occurrence of these
toxicities. The prevalence rates (grades 1–3) and the incidence
rates (grades 1–3) are reported per period of treatment in Figure 1.

We analyzed the prevalence, severity, and incidence of di-
arrhea, hypertension, and HFSR over time: respectively, 63
events occurred between days 1 and 14, 58 events occurred be-
tween days 15 and 60, 42 events occurred between days 61 and
120, and 23 events occurred after day 120. Diarrhea was a cu-
mulative toxicity that occurred significantly more frequently
over time (p � .001; Fig. 1A). The severity and incidence of
diarrhea was not modified over time (Fig. 1B). Hypertension
was significantly more prevalent at the end of the first 2
months of treatment (p � .01; Fig. 1C). Hypertension severity
was not modified over time. The incidence of hypertension de-
creased over time (p � .01; Fig. 1D). The prevalence of HFSR

Table 4. Kinetics of sorafenib-induced toxicity

Adverse event
Median onset
(range), days

Hand-foot skin reaction 18 (4–153)

Hypertension 16 (4–343)

Diarrhea 35 (2–249)

Table 2. Toxicities occurring in �5% of patients and/or
reaching grade 3–4 severity

Adverse events
Grade
1–2

Grade
3–4

Constitutional

Asthenia 56 (68) 15 (18)

Anorexia 23 (28) 6 (7)

Weight loss 23 (28) 2 (2)

Dysphonia 9 (11) 0

Musculoskeletal pain 3 (4) 1 (1)

Dermatological

Hand-foot skin reaction 53 (64) 19 (23)

Erythematous macular rash 25 (30) 5 (6)

Xerosis 19 (31) 0

Alopecia 15 (18) 0

Subungual hemorrhages 13 (16) 0

Pruritus/dysesthesia 9 (15) 3 (4)

Spiny follicular hyperkeratosis 9 (15) 0

Papular, cystic, and pustular
lesions

3 (4) 3 (4)

Gastrointestinal

Diarrhea 47 (57) 9 (11)

Stomatitis/mucositis 13 (16) 2 (2)

Dyspepsia 12 (19) 1 (1)

Nausea/vomiting 9 (11) 2 (2)

Taste alteration 11 (13) 0

Constipation 6 (8) 1 (1)

Abdominal pain 7 (8) 0

Pneumatosis intestinalis 0 1 (1)

Cardiovascular

Hypertension 39 (47) 8 (10)

Cardiac dysfunction 0 1 (1)

Renal

Acute failure 2 (2) 2 (2)

Dyspnea 4 (6) 1 (2)

Bleeding 3 (4) 2 (2)

Hematologic

Thrombocytopenia 6 (7) 2 (2)

Anemia 3 (4) 2 (2)

Neutropenia 3 (4) 2 (2)

Cognitive disorder/confusion 0 (0) 1 (1)

Data are n (%).

Table 3. Dose-limiting toxicities

Adverse event n (%)

Toxicities leading to dose reduction 38 (46)

Nonhematological

Hand-foot skin reaction (grade 3) 8 (21)

Asthenia (grade 3) 6 (16)

Diarrhea (grade 3 or 4) 6 (16)

Combination of several grade 2 toxicities 5 (13)

Patient’s wish 2 (5)

Acute renal failure (grade 3) 1 (3)

Painful rash (grade 3) 1 (3)

Nausea and vomiting (grade 3) 1 (3)

Hematological

Thrombocytopenia (grade 3 or 4) 1 (3)

Leucopenia plus thrombocytopenia
(grade 2)

1 (3)

Toxicities leading to permanent discontinuation

Hand-foot skin reaction (grade 3) 1 (3)

Combination of hand-foot skin reaction and
thrombocytopenia

1 (3)

Febrile erythema with enanthema (grade 3) 1 (3)

Anemia and hemorrhage (grade 3) 1 (3)

Pneumatosis intestinalis (grade 3) 1 (3)

Papulopustular eruption and hypertension
(grade 3)

1 (3)
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significantly increased over time (p � .048; Fig. 1E). HFSR
severity was not modified over time. Incidence of HFSR sig-
nificantly decreased over time (p � .01; Fig. 1F). New cases of
HFSR were less severe over time (p � .048).

Pharmacokinetics/Pharmacodynamics
A total of 525 plasma samples from 72 patients were analyzed,
including 32 samples that were excluded from the statistical
analysis for various reasons (plasma concentration below
lower limit of quantitation, sampling time �50 hours after
sorafenib intake, iterative drug intake). Median sorafenib
AUC0–12 was 52.8 mg � h/L (range, 11.8–199.6), and mean
AUC0–12 was 57.7 � 28.6 mg � h/L.

Median sorafenib AUC0 –12 preceding severe toxicity in
patients experiencing grade 3–4 AE was significantly higher

than that observed in the remaining patients (61.9 mg � h/L vs.
53 mg � h/L, p � .017; Fig. 2). Among patients experiencing
grade 3–4 AEs, median sorafenib AUC0–12 preceding severe
toxicity was significantly higher than that observed at other
times during treatment (62.4 vs. 55.7 mg � h/L, p � .001).

Figure 3 shows the decrease of median sorafenib AUC0–12

over time. In 25 patients treated with a fixed dose of sorafenib
for the first 4 months (i.e., without dose adjustment), median
dose-normalized AUC0–12 on day 120 was lower than on day
60 (63.0 vs. 76 mg � h/L, respectively), and lower than on day
15 (63 vs. 102 mg � h/L, respectively; p � .01). Interpatient
variability in sorafenib AUC was more important on day 15
(interquartile range [IQR], 40 –111 mg � h/L) and less pro-
nounced on day 60 (IQR, 73–79 mg � h/L) and on day 120
(IQR, 63– 63 mg � h/L). Sorafenib AUC0 –12 decreased over

Figure 1. Prevalence, incidence, and severity of toxicities over time. Abbreviation: HFSR, hand-foot skin reaction.
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time, similarly to the incidence of hypertension and HFSR
(Fig. 1C, 1D). Regarding intrapatient variability, we observed
a decrease in sorafenib dose-normalized AUC0–12 over time in
10 consecutive patients treated at fixed dose, as illustrated in
Figure 4.

Predictive Factors of Early and Delayed Toxicity
No factor predicting early acute diarrhoea or hypertension was
identified. Conversely, high baseline albumin and high
AUC0 –12 on day 30 were associated with the occurrence of
HFSR (p � .009 and .03, respectively). Low baseline albumin,
high baseline C-reactive protein, and prior treatment by
sunitinib were associated with the occurrence of asthenia of

grade 2 or higher (p � .001, .046, and .04, respectively). In
multivariate analysis, no independent variable was identified.

Young age, female sex, treatment duration, high baseline
and day 30 albumin, and high baseline bilirubin were associ-
ated with the occurrence of HFSR (p � .04, .01, .01, .02, .02,
and .01, respectively). In multivariate analysis, no independent
variable was identified. Young age and treatment duration
were correlated with the occurrence of diarrhea (p � .006 and
.03, respectively). In multivariate analysis, both variables re-
mained significant (p � .02 and .047, respectively).

No variable was correlated with the occurrence of delayed
asthenia. The occurrence of delayed hypertension was associ-
ated with treatment duration and female gender (p � .001 and

Figure 2. Sorafenib 12-hour area under the curve in patients with and without grade 3–4 toxicity. Abbreviation: AUC, area under the
curve.

Figure 3. Decreasing sorafenib dose-normalized 12-hour area under the curve over time in 25 patients treated at fixed doses. Boxes
indicate median values and the ends of the vertical lines show the minimum and maximum values. The bottoms and tops of the boxes
represent the first and third quartiles, respectively. Abbreviation: AUC, area under the curve.
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.10, respectively). In multivariate analysis, only treatment du-
ration significantly predicted delayed hypertension (p � .001).

DISCUSSION
To the best of our knowledge, this is the first analysis of
sorafenib toxicity including a pharmacokinetic/pharmacody-
namic approach in unselected patients with cancer. In all, 35%
of patients were aged 70 years or older. In large randomized
clinical trials, elderly patients are underrepresented, as previ-
ously discussed [20]. Our results suggest that sorafenib is fea-
sible in elderly patients. Age older than 62 years—the median
age of our population—was not predictive of more frequent or
severe acute or delayed toxicities. The management of cardio-
vascular toxicity, asthenia, and digestive toxicities is a major
issue in daily practice, particularly in elderly patients. A subset
analysis of the Treatment Approaches in Renal cancer Global
Evaluation Trial (TARGET) study suggested a similar benefit
in terms of progression-free survival in patients aged over 65
years compared with their younger counterparts, without
greater apparent toxicity [21].

Sorafenib side effects are systemic and may concern any
tissue. However, side effects are generally limited to cutaneous
toxicity, diarrhea, and asthenia. The timing of the occurrence
of the side effects is poorly described, contrasting with the pre-
dictable kinetics of neutropenia for a given protocol of intra-
venous conventional chemotherapy.

The kinetics of sorafenib-induced toxicities are demon-
strated by Table 2, which shows a high prevalence of toxicities
increasing over time (Fig. 1). No toxic deaths occurred, but the
incidence of grade 3–4 toxicities was higher than that reported
in phase III trials [2, 3]. Several hypotheses can be raised to
explain the high prevalence of toxicities in our cohort of pa-
tients. First, patients were prospectively and frequently evalu-
ated for toxicity by a multidisciplinary team. Second, most of
our patients had significant comorbidities and multiple sites of
metastasis, including brain metastases; in addition, our popu-
lation included vulnerable patients (19% of patients had
heavily pretreated melanoma). Patients enrolled in pivotal
studies are often not typical of the wider population with the

disease. Exclusion of common comorbidities is frequent.
Symptoms caused by comorbidities, such as fatigue, may be
exacerbated by sorafenib treatment, and drug interactions with
ongoing therapies can cause additional toxicities.

The most common DLTs were diarrhea, HFSR, asthenia,
rash, and anorexia. However, dose reductions were due not
only to grade 3 toxicities, but also to the sum of various grade
2 toxicities interfering excessively with daily life, such as
HFSR that limits walking, stomatitis, or taste alteration.

The present analysis provides insights on long-term admin-
istration of sorafenib that may help guide clinical decision
making. Indeed, we described the kinetics of common toxici-
ties (HFSR, hypertension, and diarrhea) in a daily practice
population. We found that HFSR frequently occurred early
(within 2 weeks of treatment). These findings are consistent
with a recent meta-analysis showing that 21%–93% of patients
experienced HFSR, usually within 6 weeks of starting
sorafenib [22]. In the present analysis, patients who did not ex-
perience severe HFSR early in the course of the treatment were
unlikely to develop HFSR later, in line with data from the
TARGET study [23]. Furthermore, we found that the occur-
rence of acute HFSR was associated with high AUC0–12 on day
30 and high albuminemia. Although an increased incidence of
HSFR with higher starting doses of sorafenib was seen in
phase I studies [24], a pooled analysis of three phase II studies
failed to demonstrate association between HFSR and sorafenib
AUC [25]. Univariate analysis of our cohort showed that the
occurrence of delayed HFSR was associated with female sex,
young age, prolonged treatment duration, and high albumin-
emia (on baseline and day 30). Lijima et al. observed that
women have a greater tendency to experience grade 3 HFSR
(21% vs. 6%) [26]. Azad et al. found that sorafenib-induced
HFSR was related to cumulative sorafenib dose [25].

The ability to identify patients at risk of developing severe
toxicities would be invaluable for optimal management. Sev-
eral biomarkers and predictors have been proposed to predict
the treatment response [27, 28] and drug toxicity [29 –31].
However, by multivariate analysis, we were not able to iden-

Figure 4. Evolution of exposition (area under the curve) over time in 10 consecutive patients treated at fixed dose (200 or 400 mg bid).
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tify any baseline clinical or biological independent predictor of
severe early toxicities.

Regarding sorafenib exposure, the mean AUC0 –12 ob-
served in our patients treated at the recommended dose was in
the same range than that previously reported in phase I trials
(57.7 � 28.6 mg � h/L vs. 71.7 � 30.8 mg � h/L, respectively)
[10]. Our data suggest a relationship between drug-related
grade 3–4 AEs and exposure to sorafenib. Indeed, sorafenib
AUC0–12 prior to the occurrence of grade 3–4 toxicity was sig-
nificantly greater than that observed in the remaining patients.
However, these results were obtained in a small cohort of pa-
tients and deserve validation in larger populations of patients.

Most importantly, we also observed that sorafenib
AUC0 –12 decreased progressively over time in 25 patients
treated with a fixed dose of sorafenib. We illustrate this fact
with an additional figure (Figure 4).

Our data show that diarrhea was a cumulative toxicity, sig-
nificantly more frequent over time. This suggests that the in-
testinal absorption of sorafenib might decrease over time and,
therefore, also sorafenib exposure.

Such a decrease in exposure over time has already been re-
ported with imatinib [32]. It might be related to the induced
expression of efflux pumps in the gut wall, such as ABCG2
[33] and/or an auto-induction of sorafenib metabolism.

Monitoring of sorafenib plasma concentrations may
help to prevent severe toxicities by adjusting dose and
schedule. Our findings indicate that fixed dosing schedules
for sorafenib result in significant interpatient pharmacoki-

netic variability, with dose-limiting toxicities occurring in a
sizeable population of patients. Besides, in the present se-
ries, we observed a decrease of sorafenib exposure over
time. These findings might have relevant clinical implica-
tions in patients with initial clinical benefit and subsequent
progression. As suggested by others [36], a logical approach
would consist in a dose-escalation at the time of progres-
sion, aiming to restore an adequate exposure in patients in
whom AUC0 –12 markedly decreased over time and, there-
fore, supporting therapeutic drug monitoring.

For instance, we have shown that dose escalation is an effec-
tive strategy in patients with progressive metastatic melanoma
[35], and sorafenib dose escalation is under investigation in other
malignancies [36, 37]. Dedicated pharmacoclinical studies are re-
quired to determine the threshold drug exposure that might con-
dition antitumor efficacy in different tumor types.
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