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Abstract

Purpose: Oral bioavailability of docetaxel is poor.
Absorption could be improved by development of pharma-
ceutical formulations based on docetaxel solid dispersions,
denoted ModraDoc001 capsule and ModraDoc006 tablet
(both 10 mg) and coadministration of ritonavir, an inhib-
itor of CYP3A4 and P-glycoprotein. In this study, the safety,
MTD, recommended phase II dose (RP2D), pharma-
cokinetics, and preliminary antitumor activity of oral doc-
etaxel combined with ritonavir in a once-weekly continuous
schedule was investigated.

Patients and Methods: Patients with metastatic solid
tumors were included. Dose escalation was performed using
a classical 3þ3 design. Pharmacokinetic sampling was per-
formed for up to 48 hours after drug administration. Safety
was evaluated using CTCAE v3.0. Antitumor activity was
assessed according to RECIST v1.0.

Results: Sixty-seven patients were treated at weekly doce-
taxel dosages ranging from 30 to 80 mg in combination with
100- or 200-mg ritonavir. Most common toxicities were nau-
sea, vomiting, diarrhea and fatigue, mostly of grade 1–2
severity. No hypersensitivity reactions were observed. The area
under the plasma concentration–time curve (AUC0–48) of
docetaxel at the RP2D of once-weekly 60-mg ModraDoc001
capsule with 100-mg ritonavir was 1,000 � 687 ng/mL/hour
and for once-weekly 60-mgModraDoc006 tablet with 100-mg
ritonavir, the AUC0–48 was 1,790 � 819 ng/mL/hour. Nine
partial responses were reported as best response to treatment.

Conclusions:Oral administrationof once-weekly docetaxel
as ModraDoc001 capsule or ModraDoc006 tablet in combi-
nation with ritonavir is feasible. The RP2D for both formula-
tions is 60-mg ModraDoc with 100-mg ritonavir. Antitumor
activity is considered promising.

Introduction
The anticancer agent docetaxel is registered for the treatment of

breast, gastric, prostate, head and neck cancer, and non–small cell
lung cancer (NSCLC) as an intravenous solution (1). The intra-
venous route of administration has limitations that might be
overcome by oral administration. First, an indwelling intravenous
catheter is needed for administrations and patients have to visit
the hospital to receive docetaxel, whereas in case of an oral

formulation administration would be more flexible and could
potentially reduce costs of treatment, as patients do not need to be
admitted to a day-care unit (2). A second advantage is that the
solvents ethanol and polysorbate-80 are not needed in an oral
formulation. Polysorbate-80 is considered to be at least partially
the causative agent of the hypersensitivity reactions that occur
during or shortly after administration of intravenous doce-
taxel (3, 4). Oral bioavailability of docetaxel is, however, low
due to poor water solubility and high-first pass effect. The poor
water solubility could be improved by the development of a solid
dispersion formulation by freeze- or spray-drying of crystalline
docetaxel in combination with a hydrophilic carrier and surfac-
tant (5, 6). These solid dispersions consist of (more) amorphous
docetaxel, and have a very small particle size and increased surface
area, as compared with crystalline docetaxel. In combinationwith
the hydrophilic carrier, this results in an increased apparent water
solubility. Two solid dispersion formulations have been devel-
oped and tested in the clinic: the ModraDoc001 capsule (10-mg
docetaxel, freeze-dried; ref. 5) and the ModraDoc006 tablet
(10-mg docetaxel, spray-dried; ref. 6).The high first-pass effect of
docetaxel is the result of metabolism in the intestinal lumen and
the liver by the cytochrome p450 (CYP) enzyme CYP3A4 and
active excretion from intestinal cells and via the bile into the
gut lumen by drug transporters, such as P-glycoprotein (P-gp;
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MDR1/ABCB1), multidrug resistance-associated protein 2
(MRP2,ABCC2), and organic anion-transporting polypeptides
(OATP)1B1/1B3 (7–9). In both preclinical and clinical studies,
the bioavailability of docetaxel was effectively increased by coad-
ministration of inhibitors of either CYP3A4 or P-gp (10–12).
Several candidates of so-called booster drugs have been investi-
gated ultimately resulting in the selection of the CYP3A4 and P-gp
inhibitor ritonavir (11, 13). Ritonavir has shown to be safe even at
higher dosages thanused in this study in the treatment ofHIV, and
it has been reported to be a safe and good booster of other
protease inhibitors metabolized by CYP3A4, such as lopina-
vir (14, 15). In this phase I dose escalation study, two dose
escalation arms of once-weekly dosing of oral docetaxel were
investigated, exploring an oral drinking solution and subsequent-
ly ModraDoc001 capsule in combination with ritonavir (arm 1)
and ModraDoc006 tablet in combination with 100-mg ritonavir
(arm 2), respectively. The drinking solution was replaced by
the capsule formulation after one dose level, because of its poor
taste, poor stability, and limited dosing accuracy. The study
was designed to establish safety, the MTD, and the recommen-
ded phase II dose (RP2D) of the ModraDoc001 capsule and
ModraDoc006 tablet, respectively, when coadministered with
ritonavir. Secondary aims included pharmacokinetics of doc-
etaxel and preliminary antitumor activity.

Patients and Methods
Study design and treatment schedule

In this phase I, open-label, dose escalation study, three oral
docetaxel formulationswere investigated: an oral docetaxel drink-
ing solution (Taxotere, Sanofi Aventis), ModraDoc001 10-mg
capsule, and ModraDoc006 10-mg tablet. The study consisted of
two dose escalation arms as shown Fig. 1. In the first arm, patients
were treated in week 1 with once-weekly 20-mg intravenous
docetaxel, as a 30-minute infusion (Taxotere, Sanofi Aventis). At
the start of the intravenous docetaxel administration, patients
took an oral dose of 100-mg ritonavir (Norvir Abbott) adminis-
tered with 150 mL of tap water. The oral ritonavir dose was
administered to allow for a calculation of the oral bioavailability
of the oral formulations, which were always combined with
100-mg ritonavir. In week 2 and thereafter, patients received

once-weekly 30-mg docetaxel as drinking solution (Taxotere)
with 100-mg ritonavir at dose level 1. At the subsequent
dose levels, patients received once-weekly oral ModraDoc001
capsules (5) combined with 100-mg ritonavir (ModraDoc001
capsule/100-mg ritonavir) in week 2 and beyond. Ritonavir was
always administered orally simultaneously with oral docetaxel.
After escalation to three additional dose levels, the ritonavir dose
was increased from 100 mg to 200 mg and patients no longer
received intravenous docetaxel in week 1.

After completion of the dose escalation with ModraDoc001
capsule/100-mg or 200-mg ritonavir, investigation of the
ModraDoc006 tablet formulation (6) was performed in arm
2 of the study at two dose levels in combination with a fixed
dose of 100-mg ritonavir, starting at the once-weekly 60-mg
ModraDoc006 tablet/100-mg ritonavir dose, corresponding
to the RP2D for the ModraDoc001 capsule/100-mg ritonavir.
Ritonavir was always administered orally simultaneously with
oral docetaxel.

Premedication consisted of granisetron 1 mg 1 hour prior to
ModraDoc administration during cycle 1 and 2. Granisetron was
thereafter administered as needed.

Patients were allowed to continue treatment with the oral
drinking solution, ModraDoc001 capsule, or ModraDoc006
tablet in combination with ritonavir until disease progression or
intolerable toxicity.

A classical 3þ3 dose escalation design was used: three patients
were enrolled at each dose level and the dose was escalated if no
dose-limiting toxicity (DLT) occurred. If one DLTwas observed in
one of three patients, the dose was expanded to six patients. If
either two of three or two of six patients experienced a DLT at a
dose, this dose was deemed nontolerable. The previously tested
lower dosewas then expanded to six patients to assess the safety of
this dose level. The MTD was defined as the dose at which DLTs
occurred in fewer than two of six patients.

Dose escalation of docetaxel as a ModraDoc001 capsule or
ModraDoc006 tablet was based on the safety evaluation and
the pharmacokinetic data. Escalating levels were implemented
considering also that only the 10-mg galenic formulation of
ModraDoc001 capsule and ModraDoc006 tablet was available
at the time the study was performed. All patients who received
at least one dose of docetaxel in combination with ritonavir
were considered evaluable for safety. All patients who com-
pleted the first 4 weeks of treatment where considered evaluable
for DLT as well as patients with treatment interruption before
week 4 due to adverse events (AEs) matching the DLT criteria.
Patients not completing the first 4 weeks of treatment due to
reasons not related to docetaxel (as drinking solution, Mod-
raDoc001 capsule, or ModraDoc006 tablet) or ritonavir were
replaced. The MTD was expanded to a maximum of 12 DLT-
evaluable patients.

DLT was defined as any of the following events occurring in
the first 4 weeks of treatment considered to be at least possibly,
probably, or definitely related to docetaxel (as drinking solu-
tion, ModraDoc001 capsule, or ModraDoc006 tablet) or rito-
navir: grade 3 or 4 nonhematologic toxicity (other than untreat-
ed nausea, vomiting, or diarrhea), grade 3 and 4 nausea,
vomiting or diarrhea despite maximal support, grade 4 throm-
bocytopenia or grade 4 neutropenia for more than 7 consecu-
tive days, grade 3 or 4 febrile neutropenia, and/or inability to
begin the next course within 3 weeks of scheduled dosing due
to toxicity.

Translational Relevance

Although the active substance of ModraDoc (docetaxel) is
by itself not a novel drug, the oral formulation, and the strategy
of administration with a CYP3A4/Pgp inhibitor (i.e., ritona-
vir) as presented in this study represents a relevant proof-of
concept with translation into potential benefits. The advan-
tages of oral formulations of anticancer drugs in comparison
with intravenous formulations are well-known and related to
patient convenience, practicality, and reduced costs of treat-
ment. Moreover, in the specific case of docetaxel, the lack of
polysorbate 80 in the ModraDoc formulations appears to
eliminate the occurrence of hypersensitivity reactions allowing
treatment without dexamethasone premedication. The results
obtained in phase I study presented in this article are consid-
ered promising and further development in phase II and III
studies is currently pursued.
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Patient eligibility
Patients � 18 years old with metastatic solid tumors were

eligible. Other inclusion criteria were WHO performance status
of �2, a life expectancy of at least 3 months, and adequate bone
marrow, renal, and hepatic function. Patients taking concomitant
treatment being strong P-gp and/or CYP3A4 inhibitors were
excluded. Patients who had symptomatic cerebral or leptome-
ningeal metastases or pretreated with any anticancer treatment
within four weeks prior to the first dose of oral docetaxel (as
drinking solution, ModraDoc001 capsule, or ModraDoc006
tablet) were also excluded from the study (radiotherapy on a
limited field for pain palliation was allowed). The study
protocol was approved by the Medical Ethics Committee of
the Netherlands Cancer Institute (Amsterdam, the Netherlands)
and was conducted in accordance with the Declaration of
Helsinki. All patients had to provide written informed consent
prior to start of treatment. The study was registered under iden-
tifier ISCRTN32770468 (ISCRTN register).

Study procedures
During the first 6 weeks of treatment, patients were seen

weekly at the outpatient clinic for safety evaluation consisting
of a physical examination, registration of adverse events accord-
ing to the National Cancer Institute's Terminology Criteria for
AE's version 3.0 (NCI-CTCAE v3.0; ref. 16) and their relation to
study treatment, registration of concomitant medication, and
laboratory assessments consisting of hematology and serum
chemistry. After the first 6 weeks of treatment, patients were
seen every 2 weeks. Tumor response evaluation was performed
after 6 weeks and every 8 weeks thereafter in accordance with
RECIST version 1.0 (17).

Pharmacokinetics
Pharmacokinetic blood sampling was performed at predefined

timepoints at day 1 and 8 or 15 of treatment. Samples for
docetaxel pharmacokinetics were drawn from a peripheral intra-
venous catheter predose, postinfusion, and 0.25, 0.5, 1, 1.5, 2, 4,
7, 10, 24, and 48 hours after infusion of intravenous docetaxel.
Pharmacokinetic sampling for docetaxel after oral administration
of ModraDoc001 capsule/100-mg or 200-mg ritonavir was per-
formed predose, 0.25, 0.75, 1, 1.5, 2, 4, 7, 10, 24, and 48 hours
after dosing. Sampling for evaluation of ritonavir pharmacoki-
netic was performed predose, 0.5, 1, 2, 7, 10, and 24 hours after
administration. pharmacokinetic sampling for docetaxel and
ritonavir after administration of ModraDoc006 tablet/100-mg
ritonavir was performed predose, 0.5, 1, 1.5, 2, 3, 4, 7, 10, 24,
and 48 hours after administration. All samples were collected in
lithium heparin tubes of 4 mL. Samples were centrifuged within
1 hour at 1,500 � g for 10 minutes at 4�C and stored at �20 �C
until docetaxel and ritonavir quantification. Docetaxel was quan-
tified in plasma by a high-performance liquid chromatography
assay with tandem mass spectrometric detection (LC/MS-MS) as
developed by Kuppens and colleagues (18) and later on by the
LC/MS-MSmethod as described byHendrikx and colleagues (19).
All ritonavir samples were analyzed according to the method of
Hendrikx and colleagues (19). Stable isotopically labeled doce-
taxel and ritonavirwere used as internal standards. The lower limit
of quantification of the assay was 0.5 ng/mL for docetaxel and
2.0 ng/mL for ritonavir. The assay was validated according to
FDA guidelines (20) and the principles of Good Laboratory
Practice (GLP).

Statistical analysis
Individual noncompartmental pharmacokinetic parameters

were determined using validated scripts in the R software
package (version 3.01; ref. 21). The mean, SD, and coefficient
of variation (CV) for the following pharmacokinetic parameters
were calculated: maximum concentration (Cmax), time to reach
Cmax (Tmax), the area under the plasma concentration–time
curve between t ¼ 0 and the last pharmacokinetic time point
at 48 hours (AUC0–48) and with extrapolation to infinity
(AUC0–inf), and terminal half-life (t1/2).

The apparent bioavailability (F%) was calculated for patients
who received during the first course 20 mg i.v. docetaxel in
combination with ritonavir. This was done using Eq. (A).

F% ¼ AUCinf poð Þ
AUCinf ivð Þ � Dose ivð Þ

Dose poð Þ � 100% ðAÞ

Results
Patients

Overall, 67 patients were included in the study, of which five
patients received docetaxel as the drinking solution, 43 patients as
ModraDoc001 capsule, and 19 patients as ModraDoc006 tablet.
Individual dose levels investigated andnumber of patients includ-
ed per arm are presented in Fig. 1. One patient enrolled at the
80-mg ModraDoc006 tablet/100-mg ritonavir dose level did not
start treatment due to clinical deterioration. Patients had amedian
age of 58 (range, 36–78) and 59 (range, 47–75) years in the
ModraDoc001 capsule andModraDoc006 tablet arm, respective-
ly. Overall, the majority of patients were males (55%) and had a
WHO PS�1 (93%). Patient demographics are presented in more
detail in Table 1.

Safety and tolerability
Adverse events. The docetaxel drinking solution, ModraDoc001
capsule, and ModrDoc006 tablet (all combined with ritonavir)
were well tolerated. Toxicity observed was mostly of grade 1
or 2 severity. Treatment-related toxicity (i.e., considered pos-
sibly, probably, or definitely related to study drug by the
investigator) occurring in >5% of patients or grade � 3 is
presented in Table 2. The most commonly reported toxicities
were diarrhea (70%), nausea (67%), fatigue (67%), and
vomiting (42%).

DLT. Seven patients experienced one or more DLTs during dose
escalation of ModraDoc001 capsule/100- or 200-mg ritonavir.
Reported DLTs were grade 4 neutropenia and dehydration (both
observed in one patient), grade 3 diarrhea (6�), nausea (2�),
vomiting (2�), fatigue (2�), elevated AST (2�), elevated ALT
(2�), mucositis (1�), and anorexia (1�).

A total of three patients experienced DLTs during dose escala-
tion of ModraDoc006 tablet/100-mg ritonavir. They were grade 3
diarrhea (1�), neutropenic fever (1�), and mucositis (1�). One
patient had a DLT based on a delay of treatment for more than
3 weeks as a result of grade 2 treatment-related toxicities. DLT
events are shown per patient and dose level in Table 3.

On the basis of the observed DLTs, the MTD for the Mod-
raDoc001 capsule was once-weekly 60-mg ModraDoc001 cap-
sule/200-mg ritonavir. The MTD was, however, not considered
to be the RP2D, as at this dose level, several patients required
dose modifications due to treatment-related toxicity, which was
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not dose-limiting. The related adverse events consisted essen-
tially of long lasting grade � 2 fatigue, diarrhea, nausea, and
anorexia leading to dose modifications after the DLT period
(frequently shortly after the DLT period). The RP2D was deter-
mined as once-weekly 60-mg ModraDoc001 capsule/100-mg
ritonavir.

On the basis of the DLTs and the overall toxicity observed,
the MTD and RP2D for the ModraDoc006 tablet were deter-
mined as once-weekly 60-mg ModraDoc006 tablet/100-mg
ritonavir.

Serious adverse events/grade 3–4 toxicity. A total of 61 serious
adverse events (SAEs) were reported in 22 (46%) patients
treated with the oral drinking solution/100-mg ritonavir or Mod-
raDoc001 capsule/100- or 200-mg ritonavir. A total of 23 SAEs
(38%) occurring in 11 patients (23%) were considered related
to study treatment: five events were of grade 2 severity and 18
events of grade � 3 severity. The most commonly observed
treatment-related SAEs were diarrhea (occurring in six patients,
29%), nausea, and vomiting (both occurring in three patients,
14%). In patients treated with the oral drinking solution/100-mg
ritonavir or ModraDoc001 capsule/100- or 200-mg ritonavir,
32 grade � 3 events were reported, of which 18 (56%) were
considered to be SAEs. The most common grade � 3 events not
considered to be SAE were fatigue in seven (50%) patients and
neutropenia in two (14%) patients.

A total of 28 SAEs were reported in patients treated with
ModraDoc006 tablet/100-mg ritonavir, of which eight (29%)
were considered related to study treatment (four events were of

Figure 1.

Study schedule. Dose escalation performed with the capsule and tablet formulation. N, number of patients treated at a dose level. In the box, the
number of DLTs observed at each dose level. Abbreviations: caps, capsule; MD1, ModraDoc001; MD6, ModraDoc006; n, number of patients; RTV,
ritonavir; tabl, tablet.

Table 1. Baseline patient characteristics

Formulation
Oral drinking solution or
ModraDoc001 capsule

ModraDoc006
tablet

Number of patients n ¼ 48 n ¼ 19
Gender
Male 27 (56%) 10 (53%)
Female 21 (44%) 9 (47%)

Age,
Median (range), y 58 (36–78) 59 (47–75)

WHO performance status
0 21 (44%) 12 (63%)
1 22 (46%) 7 (37%)
2 5 (10%) 0

Primary tumor type
NSCLC 22 (46%) 8 (42%)
UCC 5 (10%) 0
Ovarian 3 (6%) 1 (5%)
Unknown primary 3 (6%) 1 (5%)
Anal 3 (6%) 1 (5%)
Breast 2 (4%) 1 (5%)
Cholangiocarcinoma 1 (2%) 2 (11%)
Head and neck 0 (0%) 2 (11%)
Melanoma 2 (4%) 0
Other 8 (17%) 3 (16%)

Prior therapy
Systemic therapy 48 (100%) 17 (89%)
Number of prior lines

median (mean)
2 (2) 1 (2)

Range 1–4 1–9
Radiotherapy 33 (69%) 9 (47%)
Surgery 26 (54%) 9 (47%)

Abbreviations: NSCLC, non–small cell lung cancer; UCC, urothelial cell
carcinoma.
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grade 2 and four events of grade � 3 severity). Treatment-
related SAEs occurred in four (22%) patients and consisted of
mucositis (2�, 25%), diarrhea (1�, 13%), fatigue (1�, 13%),
nausea (1�, 13%), neutropenic fever (1�, 13%), and respira-
tory failure (1�, 13%). The last SAE resulted in a death
possibly related to study drug (reported as a separate SAE)
occurring in a 64-year-old female patient with an esophageal
carcinoma. After 11 weeks of treatment with ModraDoc006
tablet/ritonavir, the patient was admitted with respiratory
failure, which could not clearly be attributed to underlying
disease or to an infectious origin. As a relation with study

drug (e.g., docetaxel-induced pneumonitis) could not be
ruled out, the event was considered to be possibly related to
ModraDoc006/ritonavir. Overall, eight adverse events of grade
� 3 severity were observed, of which four (50%) were consid-
ered SAEs. The grade � 3 events not considered to be SAEs
were dyspnea, diarrhea, neutropenia, and leukocytopenia
(all occurred once and in patients who also experienced a DLT
or SAE).

Pharmacokinetics. Pharmacokinetic parameters of docetaxel
are presented in Table 4 for intravenous docetaxel, the oral
docetaxel drinking solution, the ModraDoc001 capsule, and
the ModraDoc006 tablet formulation, respectively. In Fig. 2,
the plasma concentration–time curves of docetaxel per dose
level are presented for in the ModraDoc001 capsule/100-mg
ritonavir (Fig. 2A), in ModraDoc001 capsule/200-mg ritonavir
(Fig. 2B), and in the ModraDoc006 tablet/100-mg ritonavir
(Fig. 2C).

The mean AUC0–48 � SD and Cmax � SD after intravenous
administration of 20-mg docetaxel/100-mg oral ritonavir were
537 � 255 ng/mL/hour and 478 � 208 ng/mL, respectively.
The mean AUC0–48 � SD and Cmax � SD after administration
of 30-mg docetaxel drinking solution/100-mg ritonavir were
488� 250 ng/mL/hour and 161� 183 ng/mL, respectively. The
mean AUC0–48 and Cmax of docetaxel increased with dose for
the ModraDoc001 capsule. Cmax of docetaxel did not increase
with the increase of ritonavir from a 100-mg to a 200-mg
dose, while an increase in the docetaxel AUC0–48 was observed
with the increase in ritonavir dose. The mean AUC0–48 � SD at
the RP2D of 60-mg ModraDoc001/100-mg ritonavir and at the

Table 2. Adverse event reported as (possibly, probable, or definitely) related to oral docetaxel occurring in >7% of patients or grade �3, per dose level

n ¼ 66 patients

DS 30-mg
RTV

100 mg

MD1
40-mg
RTV

100 mg

MD1
60-mg
RTV

100 mg

MD1
80-mg
RTV

100 mg
MD1 60-mg RTV

200 mg
MD1 80-mg RTV

200 mg
MD6 60-mg RTV

100 mg

MD6
80-mg
RTV

100 mg

Adverse event Gr1–2 Gr3 Gr1–2 Gr3 Gr1–2 Gr3 Gr1–2 Gr3 Gr1–2 Gr3 Gr4 Gr1–2 Gr3 Gr4 Gr1–2 Gr3 Gr5 Gr1–2 Gr3
N event
(% event)

Diarrhea 1 1 0 0 3 0 9 2 9 2 0 3 2 0 8 1 0 5 0 46 (70%)
Nausea 2 0 1 0 2 0 10 2 11 0 0 5 0 0 7 0 0 4 0 44 (67%)
Fatigue/malaise 3 0 1 0 1 1 9 2 9 2 0 2 2 0 7 0 0 5 0 44 (67%)
Vomiting 1 0 0 0 1 0 6 2 4 0 0 3 0 0 8 0 0 3 0 28 (42%)
Alopecia 1 0 0 0 1 0 5 0 7 0 0 2 0 0 4 0 0 2 0 22 (33%)
Mucositis 1 0 0 0 0 0 3 0 5 0 0 2 1 0 2 0 0 1 1 16 (24%)
Constipation 0 0 0 0 1 0 1 0 3 0 0 3 0 0 0 0 0 1 0 9 (13%)
Weight loss 0 0 0 0 0 0 2 0 3 0 0 0 0 0 3 0 0 1 0 9 (13%)
Abdominal pain 0 0 0 0 0 0 2 0 1 0 0 1 0 0 1 0 0 3 0 8 (12%)
Dysgeusia 1 0 0 0 0 0 1 0 0 0 0 0 0 0 4 0 0 2 0 8 (12%)
Nail changes 0 0 0 0 0 0 3 0 4 0 0 0 0 0 0 0 0 0 0 7 (10%)
Anorexia 0 0 0 0 0 0 3 0 1 0 0 0 1 0 2 0 0 0 0 7 (10%)
Sensory neuropathy 0 0 0 0 1 0 2 0 4 0 0 0 0 0 0 0 0 0 0 7 (10%)
Neutropenia 0 0 0 0 0 0 0 0 1 1 1 1 0 1 0 0 0 0 1 6 (9%)
Abdominal cramps 0 0 0 0 0 0 0 0 0 0 0 1 0 0 4 0 0 1 0 6 (9%)
AST increased 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 1 0 3 (4%)
Dyspnea 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 1 0 0 0 3 (4%)
Leukocytopenia 0 0 0 0 0 0 0 0 1 0 0 0 1 0 0 0 0 0 1 3 (4%)
ALT increased 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 0 0 0 0 2 (3%)
Thrombocytopenia 0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 2 (3%)
Respiratory
insufficiency

0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 1 (1%)

Dehydration 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 1 (1%)
Gastritis 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 (1%)
Duodenal ulcer 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 1 (1%)
Neutropenic fever 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 (1%)

Abbreviations: caps, capsule; DS, docetaxel drinking solution; gr, grade; n, number of patients; MD1, ModraDoc001; MD6, ModraDoc006; RTV, ritonavir; tabl,
tablet.

Table 3. DLTs observed in the dose escalation with the ModraDoc001 capsule
and ModraDoc006 tablet

Dose level DLT (CTCAE v3.0)

ModraDoc001 capsule dose escalation
30-mg DS/100-mg RTV Grade 3 diarrhea
60-mg MD1/100-mg RTV Grade 3 vomiting and nausea
80-mg MD1/100-mg RTV Grade 3 diarrhea, vomiting and nausea
60-mg MD1/200-mg RTV Grade 3 diarrhea, elevated AST and ALT

Grade 3 diarrhea, fatigue and elevated AST
and ALT

80-mg MD1/200-mg RTV Grade 4 dehydration, grade 3 diarrhea and
mucositis

Grade 4 neutropenia, grade 3 diarrhea, fatigue
and anorexia

ModraDoc006 tablet dose escalation
60-mg MD6/100-mg RTV Grade 3 diarrhea
80-mg MD6/100-mg RTV Grade 3 neutropenic fever, mucositis

Delay of >3 weeks due to grade 2 toxicities

Abbreviations: DS, docetaxel drinking solution; MD1, ModraDoc001; MD6,
ModraDoc006; RTV, ritonavir.
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MTD of 60-mg ModraDoc001/200-mg ritonavir were 1,000 �
687 ng/mL/hour and 1,631 � 1,268 ng/mL/hour, respectively.
The mean Cmax � SD at the RP2D and at the MTD for
ModraDoc001 was 177 � 136 ng/mL and 170 � 106 ng/mL,
respectively.

Mean AUC0–48 and Cmax reached at the MTD/RP2D of
60-mg ModraDoc006 tablet/100-mg ritonavir were 1,492 �
1,449 ng/mL/hour and 229 � 241 ng/mL, respectively. The
relatively high AUC0–48 and Cmax observed at the MTD were
driven by the results obtained in one patient, reporting an
AUC0–48 that was 5.2-fold higher (5,590 ng/mL/hour) and Cmax

that was 5.7-fold higher (914 ng/mL) as compared with the other
patients treated with the same dose. This was the same patient who
experienced a death event possibly related to docetaxel treatment.

Tmax was 1 hour later for the ModraDoc006 tablet, compared
with the Tmax of the ModraDoc001 capsule, independently of
the docetaxel dose (3.47 � 1.6 hours and 2.29 � 0.93 hours,
respectively). Mean t1/2 was comparable for the ModraDoc001
capsule and the ModraDoc006 tablet: t1/2 was 16.4 � 3.7 hours
and 17.5 � 3.3 hours, respectively, independently of the
docetaxel dose administered.

The estimated bioavailability of the drinking solution was
85% (SD � 59%) and of the ModraDoc001 capsule/100-mg
ritonavir, it was 65% (SD � 22%). In Table 5, the dose-adjusted
ratio of the geometric mean and its 90% confidence interval of
intravenous docetaxel versus either the ModraDoc001 capsule/
100-mg ritonavir or ModraDoc006/100-mg ritonavir at the
respective RP2D are shown.

Antitumor activity. A total of 41 of the 48 patients treated with the
oral drinking solution or ModraDoc001 capsule (combined with

100-mgor 200-mg ritonavir) were evaluable for efficacy. A total of
six patients (15%) reported a partial response, ofwhich threewere
confirmed after a minimum of 4 weeks. No complete responses
were observed. A total of 23 patients had stable disease as best
response to treatment. Median time on study in patients
experiencing clinical benefit was 19 (range, 3–72) weeks.

A total of 14 of the 19 patients treated with ModraDoc006
tablet/100-mg ritonavir were evaluable for efficacy. Three patients
(21%) experienced a partial response, of which one was con-
firmed after a minimum of 4 weeks. No complete responses were
observed. Seven patients had stable disease as best response to
treatment. Median time on study in patients experiencing clinical
benefit was 13 (range, 6–28) weeks.

Discussion
We previously published the results of a dose escalation study

of twice-daily once-weekly oral docetaxel either as ModraDoc001
or ModraDoc006 combined with ritonavir (22). In the current
dose-finding study, the continuous once-weekly administration
of oral docetaxel as ModraDoc001 capsule or ModraDoc006
tablet coadministered with ritonavir was explored. On the basis
of the observed DLTs, the MTD was established as once-weekly
60-mgModraDoc001 capsule/200-mg ritonavir and once-weekly
60-mg ModraDoc006 tablet/100-mg ritonavir.

Treatment-related toxicity was mostly of grade 1 and 2 severity
and was manageable with dose modifications and interruptions.
The most commonly reported treatment-related adverse events
consisted of nonhematologic toxicities.

Of note, hypersensitivity reactions and fluid retention (well-
known adverse events reported for the docetaxel intravenous
formulation)were not observed despite the lack of premedication
with corticosteroids. This is probably due to the fact that oral
ModraDoc001 capsule and ModraDoc006 tablet formulations
lack the excipient polysorbate-80 (3, 4). Furthermore, no grade 3
peripheral neuropathy or other neurotoxicity was observed, while
this is reported in about 3% of patients after weekly intravenous
docetaxel (23). Partial (13 patients, 19%) or complete hair loss
(nine patients, 13%; alopecia) was reported in 22 patients,
whereas for weekly intravenous docetaxel partial and complete
hair loss are observed in 12.5% and 58.3% of patients, respec-
tively (24). The incidence of severe neutropenia and neutropenic
fever was limited [six patients (9%) and one patient (1.5%),

Figure 2.

Plasma concentration–time curves of docetaxel. Plasma concentration–time curves of docetaxel in the ModraDoc capsule (MD1)/100-mg ritonavir
(cycle 2) in combination with either 100-mg (RTV; A), in the ModraDoc capsule/100-mg ritonavir (MD1; cycle 1; B), and in the ModraDoc tablet
(MD6)/100-mg ritonavir (cycle 1; C). Abbreviations: n, number of patients; MD1, ModraDoc001; MD6, ModraDoc006; RTV, ritonavir.

Table 5. Comparison between pharmacokinetics of the intravenous docetaxel
and the ModraDoc001 and ModraDoc006 formulations, respectively, by
calculation of the dose-adjusted geometric mean (90% CI)

IV versus
ModraDoc001

IV versus
ModraDoc006

Cmax

Ratio of geo-mean (90% CI) 11.4 (5.57–19.2) 8.96 (4.99–13.3)
AUC0-48

Ratio of geo-mean (90% CI) 1.84 (1.12–3.04) 1.32 (0.84–2.07)
AUC0-inf

Ratio of geo-mean (90% CI) 1.87 (1.13–3.09) 1.33 (0.85–2.08)
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respectively] and was dose-limiting in only one patient. These
findings are in line with ameta-analysis published by diMiao and
colleagues showing a reduction in bone marrow suppression (in
particular neutropenia) and a slight increase in nonhematologic
toxicity when a weekly intravenous docetaxel schedule was com-
pared with a 3-weekly administration (25). The occurrence of
grade 3 diarrhea in our study was relatively high with the oral
formulations (11% of patients). This was not unexpected in view
of the oral route of administrationwith expected local toxicity and
the relevant preclinical studies reported in the literature over this
issue (26), and indeed treatment recommendations for the
management of diarrhea with loperamide were included in the
study protocol. Loperamide was administered according to stan-
dard practice, starting after the first occurrence of diarrhea and
escalating up to amaximumdose of 16mg a day, when necessary.
Diarrhea was observed at higher frequency and severity at
the highest dose levels. At lower dose levels (including the
MTD/RP2D), diarrhea was manageable with loperamide and/or
dose modifications. Of note, grade 3 aspartate aminotransferase
(AST) and alanine aminotransferase (ALT) elevations as expres-
sion of hepatic toxicity were observed in three (4%) and two (3%)
patients, respectively, and only when other DLTs were observed.
All the AST/ALT elevations promptly recovered to grade � 1 after
dose interruption.

The exposure to docetaxel in terms of AUC0–inf at the RP2D
for both the ModraDoc001 capsule and the ModraDoc006
tablet formulations was in a concentration range comparable
with continuous weekly intravenous docetaxel dosed at
30–36 mg/m2 (27–29) given according to either a continuous
or an intermittent weekly schema (i.e., day 1, 8, 15 every
28 days). However, the interpatient variability in terms of
AUC0–inf observed after administration of the oral formulations
was relatively high, with CV% ranging from 49% to 97%,
compared with CV% ranges of 23%–30% reported in the
literature (29, 30). To try to reduce the observed variability,
a subsequent clinical study investigating a twice-daily once-
weekly administration of oral docetaxel as either ModraDoc001
or ModraDoc006 combined with ritonavir was initiated (22).
In our study, an increase in the dose of the boosting drug
ritonavir from 100 mg to 200 mg was able to increase the
exposure to docetaxel. Ritonavir significantly boosted the
AUC of oral docetaxel as oral docetaxel without booster reaches
low and negligible systemic exposure (10, 12).

Antitumor activity of ModraDoc001 capsule/100-mg or
200-mg ritonavir and ModraDoc006 tablet/with 100-mg
ritonavir was reported in known docetaxel-sensitive tumors:
partial responses were observed in three patients with NSCLC,
in two patients with an unknown primary tumor and in one
patient with ovarian, head and neck, anal and esophageal
carcinoma, respectively. This preliminary activity is considered
promising, in view also of the heavily pretreated patient
population enrolled with some of the patients having received
up to nine lines of systemic chemotherapy. The majority of
tumor responses was observed at higher dose levels, suggesting
a linear dose–response relationship. However, the number of
patients experiencing tumor response was too low to allow
any conclusion on this issue. Of note, previous treatment with
a taxane was received by seven patients (two patients were
pretreated with docetaxel and five patients with paclitaxel).
Partial remission (one patient) and stable disease (two
patients) were reported only in paclitaxel pretreated patients.

The safety, pharmacokinetics, and efficacy results of this
study further support the proof of concept that coadministra-
tion of a P-gp / CYP3A4 inhibitor with a known drug substrate
is feasible, safe, and able to improve the oral bioavailability
of the substrate drug. Although both docetaxel formulations
(i.e., ModraDoc001 capsule and ModraDoc006 tablet) explor-
ed in this study appear to show similar characteristics
from a pharmacokinetics and a clinical point of view, the
ModraDoc006 is preferred from a pharmaceutical point of
view, as described by Sawicki and colleagues (6). For this
reason, the ModraDoc006 formulation has been selected for
further clinical development. Alternative dosing schedules
of ModraDoc001 and ModraDoc006 have been explored in
other recently published studies (22). Phase II studies with
ModraDoc006 are currently ongoing.

Limitations of ModraDoc006/r in this once-daily schedule are
that variability of systemic exposure to docetaxel after Modra-
Doc006/r is higher than of standard intravenous docetaxel, based
on indirect comparison, and that ModraDoc006/r is associated
with diarrhea that appears to be more frequent that what is
common with intravenous docetaxel.

Conclusion
Administration of the novel oral formulations of docetaxel as

ModraDoc001 capsule and ModraDoc006 tablet in combina-
tion with ritonavir according to a once-weekly schedule
is feasible and safe. The RP2D was determined as 60-mg
ModraDoc001 capsule/100-mg ritonavir or 60-mg Modra-
Doc006 tablet/100-mg ritonavir. Toxicity appears manageable.
Antitumor activity is considered promising. Further clinical
investigation is warranted.
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