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Abstract
Purpose Oraxol is an oral formulation of paclitaxel administered with a novel, minimally absorbed P-glycoprotein inhibitor 
encequidar (HM30181A). This phase Ib study was conducted to determine the maximum-tolerated dose (MTD) of Oraxol 
administered at a fixed dose for up to 5 consecutive days in patients with advanced malignancies.
Methods Part 1 of this study utilized a 3 + 3 dose-escalation design to determine the MTD of oral paclitaxel 270 mg plus 
oral encequidar 15 mg administered daily. Dose escalation was achieved by increasing the number of consecutive dosing 
days per week (from 2 to 5 days per week). Dosing occurred for 3 consecutive weeks out of a 4-week cycle. Part 2 treated 
additional patients at the MTD to determine tolerability and recommended phase II dose (RP2D). Adverse events, tumor 
responses, and pharmacokinetic profiles were assessed.
Results A total of 34 patients (n = 24 in Part 1, n = 10 in Part 2) received treatment. The MTD of Oraxol was determined to be 
270 mg daily × 5 days per week per protocol definition and this was declared the RP2D. The most common treatment-related 
adverse events were fatigue, neutropenia, and nausea/vomiting. Hypersensitivity-type reactions were not observed. Of the 28 
patients evaluable for response, 2 (7.1%) achieved partial response and 18 (64.3%) achieved stable disease. Pharmacokinetic 
analysis showed rapid absorption of paclitaxel when administered orally following encequidar. Paclitaxel daily exposure was 
comparable following 2–5 days dose levels.
Conclusion The oral administration of encequidar with paclitaxel was safe, achieved clinically relevant paclitaxel levels, 
and showed evidence of anti-tumor activity.

Keywords Oral paclitaxel · Oraxol · Phase I · Pharmacokinetics

Introduction

Paclitaxel is a widely used anti-cancer agent and a corner-
stone in the treatment for a variety of cancers, such as breast, 
ovarian, and lung. Currently, intravenous (IV) infusion is the 
only route of administration for paclitaxel in the clinic. The 
taxane has extremely low aqueous solubility and the initial 
formulation of paclitaxel contains the solvent Cremophor EL 
that is associated with hypersensitivity reactions and wors-
ening neurotoxicity [1, 2]. In addition, IV administration 
of the Cremophor formulation of paclitaxel (Cre-paclitaxel) 
requires pre-medication and slower infusions, which can 
result in great inconvenience to the patients. Oral administra-
tion of paclitaxel is an attractive alternative delivery method 
that can overcome the difficulties with IV formulations. 
However, the previous efforts to develop oral formulations 
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of paclitaxel have been limited due to its poor oral bioavail-
ability. This is due to the activity of P-glycoproteins (P-gp) 
in the intestinal epithelial cells, which actively excrete and 
minimize the intestinal absorption of paclitaxel [3, 4]. None-
theless, the development of oral paclitaxel remains an area of 
great interest and several strategies are under investigation 
to improve absorption of oral paclitaxel.

Oraxol (Athenex, USA) is an oral formulation of pacli-
taxel administered sequentially after encequidar (HM30181), 
a potent, selective, poorly absorbed P-gp inhibitor [5, 6]. 
Pre-dosing using the oral P-gp inhibitor enhances the gas-
trointestinal absorption of subsequently administered pacli-
taxel, thereby allowing the achievement of clinically rel-
evant paclitaxel plasma levels. A preclinical study in rats 
showed that encequidar increased the oral bioavailability of 
paclitaxel from 3.4 to 41.3%, and the co-administration of 
oral paclitaxel and encequidar in a xenograft mouse model 
showed equivalent anti-tumor activity compared to IV pacli-
taxel [6]. HM-OXL-101 was a phase I trial that attempted 
to define the maximum-tolerated dose (MTD) for Oraxol 
in patients with advanced solid cancers [7]. Oral paclitaxel 
(liquid formulation) and encequidar were given on days 1, 8, 
and 15 of each 28-day cycle, with paclitaxel doses ranging 
from 60 to 420 mg/m2 and encequidar dosed at half of the 
paclitaxel doses (30–210 mg/m2). The MTD was not reached 
in this study and dose escalation was stopped because of 
non-linear pharmacokinetic (PK) at paclitaxel doses above 
300 mg/m2. Another study, HM-OXL-201, assessed oral 
(hard capsule supplied as liquid-filled hard gelatin cap-
sules containing 30 mg of paclitaxel active substance and 
the excipient polysorbate 80) paclitaxel doses of 90, 120, or 
150 mg/m2 per day given on days 1, 2, 8, 9, 15, and 16 of 
each 28-day cycle in gastric cancer patients [8]. Encequidar 
was administered 15 mg on day 1. HM-OXL-201 determined 
oral paclitaxel 150 mg/m2 as the recommended dose and 
observed partial response in 9.3% of subjects.

We conducted a population pharmacokinetic/pharmaco-
dynamic (PK/PD) analysis to assess the relationship between 
paclitaxel exposure and absolute neutrophil count (ANC) 
nadir using data from the above two trials and published lit-
erature on IV paclitaxel. The results of the modeling showed 
that the percentage of patients who experienced grade 3 or 
4 neutropenia is similar between Oraxol 150 mg/m2 given 
5× per week and weekly IV paclitaxel 80 mg/m2, thus pro-
viding the rationale for the dose conversion of IV to oral 
dosing. Furthermore, the analysis did not identify significant 
patient factors affecting the interpatient variability in pacli-
taxel PK, suggesting that fixed-dosing should be comparable 
to BSA-based dosing (150 mg/m2 daily or 270 mg daily, 
using a BSA of 1.8  m2).

Based on these data, we designed and conducted a phase 
Ib dose-regimen finding study to determine the MTD, PK, 
and safety of a flat-dose approach to administering oral 

paclitaxel and encequidar in patients with advanced malig-
nancies. Dose escalation was achieved by increasing the 
number of consecutive dosing days per week. For PK, even 
though all metabolites are non-active, their quantifications 
would help determine whether additional drug interaction 
studies with potential concomitant inhibitors/inducers, or 
organ-impairment studies, are justified.

Materials and methods

Study design

This was a multicenter, nonrandomized, open-label, single 
arm, phase Ib study of Oraxol in patients with advanced 
malignancies. The primary objective was to determine 
the MTD based on occurrence of dose-limiting toxicities 
(DLTs). Secondary objectives were to evaluate the recom-
mended phase II dose (RP2D), safety, tolerability, pharma-
cokinetics, and activity of Oraxol. The study protocol was 
approved by the institutional review boards at each insti-
tution. Written informed consent was obtained from all 
patients (ClinicalTrials.gov identifier: NCT01967043).

The study consisted 2 parts (Part 1 and 2). Part 1 was 
the dose-escalation phase to determine the MTD of Oraxol 
and consisted of 2 sequential arms: Arm 1 and 2 (Fig. 1). 
Dose escalation was achieved using the 3 + 3 dose-escalation 
design and the daily dosing of oral paclitaxel was fixed at 
270 mg (approximately 150 mg/m2 assuming a body surface 
area of 1.8  m2). Dose escalation in successive cohorts was 
achieved by increasing the number of dosing days per week 
(2, 3, 4, and 5 days) for 3 consecutive weeks out of a 28-day 
cycle. Upon completion of Part 1, Part 2 proceeded to enroll 
additional ten patients to receive treatment at the MTD from 
Part 1 to determine the safety, tolerability, and RP2D.

Arm 1 and 2 of Part 1 differed in the frequency at which 
the encequidar tablet was dosed. Arm 1 evaluated 15 mg 
encequidar methanesulfonate monohydrate (equivalent 
to 12.9 mg free base) given orally once per dosing week, 
whereas Arm 2 evaluated 15 mg encequidar given orally 
daily concurrently with paclitaxel under longer fasting 
conditions. After completion of the Arm 1 ‘3-Day’ cohort, 
Arm 1 was discontinued and Arm 2 was selected for patient 
enrollment. No DLTs were observed in Arm 1.

The MTD was defined as the highest total dose (most 
number of dosing days) for which no more than 1 of 6 
treated patients experienced a DLT. If the MTD was not 
reached at the highest planned dose level (270 mg × 5 days 
per week), then that dose level was to be declared the MTD. 
Patients continued Oraxol treatment at their assigned dose 
for additional cycles until disease progression or discontinu-
ation for other reasons.
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Both encequidar and oral paclitaxel formulations were 
the same as those used in study HM-OXL-201 [8]. Patients 
were required to fast for at least 1 h before and 1 h after 
medication administration. Patients were able to receive 
anti-emetics if needed.

Eligibility

The study enrolled patients who were age 18 years or older 
with histologically or cytologically confirmed solid tumor 
that was metastatic or unresectable and for which stand-
ard curative or palliative measures did not exist or were no 
longer effective. Other key eligibility requirements included: 
measurable disease per Response Evaluation Criteria in 
Solid Tumors (RECIST) v1.1; Eastern Cooperative Oncol-
ogy Group (ECOG) performance status of 0 to 1; adequate 
bone marrow (absolute neutrophil count ≥ 1.5 ×  109/L, plate-
let count ≥ 100 ×  109/L, hemoglobin ≥ 9 g/L), liver (total bili-
rubin ≤ 1.5 mg/dL, alanine aminotransferase ≤ 3× upper limit 
of normal, alkaline phosphatase ≤ 3 × upper limit of normal), 
and renal function (serum creatinine ≤ 2 mg/dL); life expec-
tancy ≥ 3 months; no concurrent use of medications known 
to be P-gp substrates, clinically significant inhibitors or 
inducers of P-gp or CYP2C8, or strong inhibitors or induc-
ers of CYP3A4.

Key exclusion criteria included: uncontrolled intercur-
rent illness; significant cardiovascular disease or bleeding 
disorder; history of GI disease or major surgery to the upper 
GI tract that can impair oral drug absorption; pregnant or 
breast feeding; have not recovered to ≤ grade 1 toxicity from 
previous anti-cancer treatments; known history of allergy 

to paclitaxel. Of note, patients whose allergy was due to the 
IV solvent and not paclitaxel were eligible for this study. 
Patients who previously experienced severe toxicity to taxa-
nes were eligible as long as they have recovered to ≤ grade 
1 toxicity.

Safety and efficacy assessments

Safety was assessed throughout the study and up to 4 weeks 
after the last dose of study treatment. Adverse events (AEs) 
were graded per the National Cancer Institute Common Ter-
minology Criteria for Adverse Events (CTCAE), version 
4.03. Other safety assessments included regular monitor-
ing of hematology, blood chemistry, and urinalysis; regular 
measurement of vital signs and electrocardiograms (ECGs); 
and the performance of physical examinations.

Tumor responses were assessed using imaging (com-
puted tomography or magnetic resonance imaging) of the 
chest, abdomen, and pelvis based on RECIST v1.1 criteria 
[9]. Tumor assessment was conducted during the Screening 
Period (within 28 days of the first dose), Cycle 3 Day 1, and 
every 2 cycles thereafter.

Pharmacokinetic analyses

Blood samples to determine the plasma concentrations of 
paclitaxel and encequidar (as well as their metabolites) were 
collected predose and at 0.25, 0.5, 1, 2, 4, 6, and 8 h after 
the paclitaxel dose on days 1 and last day of dosing during 
Cycle 1 days 1–5. Samples were also collected predose and 
between 1 and 3 h post-dosing on Cycle 1 days 8 and 15. 

Fig. 1  Dose escalation plan in 
Part 1. PTX, paclitaxel
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Blood samples were drawn into a collection tube with potas-
sium  (K2) EDTA and maintained on ice until centrifugation. 
Samples were centrifuged at ~ 2000 rpm at 4 °C for 10 min 
within 30 min of collection. Plasma was immediately har-
vested and stored at – 70 °C. Separate validated liquid chro-
matography–tandem mass spectroscopy assays were used to 
determine plasma concentrations of paclitaxel and its major 
metabolites 6α-hydroxy paclitaxel and 3’p-hydroxy pacli-
taxel, as well as HM30181 and its metabolite HM30181-M1 
(Xenobiotic Laboratories, Plainsboro, NJ). The concentra-
tions reported demonstrated acceptable performance during 
the assay. The lower limit of quantification (LLOQ) values 
are as follows: 1.0 ng/mL for paclitaxel, 0.25 ng/mL for 
6α-hydroxy paclitaxel and 3’p-hydroxy paclitaxel, 0.5 ng/
mL for HM30181, and 0.1 ng/mL for HM30181-M1. Plasma 
concentrations of both paclitaxel and encequidar PK param-
eters such as area under the plasma concentration–time curve 
(AUC), maximum (peak) plasma concentration (Cmax), and 
peak time (tmax) were estimated through non-compartmen-
tal analysis using Phoenix WinNonlin software (Pharsight, 
Princeton, NJ).

Statistical analysis

Statistical analyses for this phase Ib study were descriptive 
and exploratory. Baseline characteristics, PK, and safety 
analysis included all patients who received ≥ 1 dose of 
Oraxol, and efficacy analysis included patients who com-
pleted baseline and at least one post-baseline tumor assess-
ment. Best overall response was defined as the biggest tumor 
size reduction or the smallest tumor size increase (if tumor 
size reduction did not happen) based on the sum of base-
line target lesion diameters from the start of treatment until 
disease progression or withdrawal from the study for any 
other reason. Descriptive statistics were used to summarize 
patient characteristics, safety, and tumor response. Continu-
ous variables were summarized using the mean, standard 
deviation (SD), median, minimum, and maximum. Categori-
cal variables were summarized by counts and by percentage 
of patients in corresponding categories. Statistical analyses 
were performed using SAS version 9.3 (SAS Institute Inc., 
Cary, NC, USA).

Results

Patient characteristics and disposition

The study was conducted between 2013 and 2016 at three 
study sites in the US. A total of 34 patients were treated in 
the study; 24 patients in Part 1 and 10 patients in Part 2. 
Baseline patient characteristics are summarized in Table 1. 
Median age was 63.5 years (range: 32–79 years) and the 

majority of the patients were male (58.8%) and White 
(88.2%). More than half of the patients had received > 2 lines 
of prior chemotherapy (58.8%), including prior exposure to 
taxanes (52.9%). A majority of the patients completed Cycle 
1 (n = 26; 76%). The most common reason for discontinua-
tion from the study was disease progression (n = 26; 76%).

Safety and tolerability

Oraxol had an acceptable safety profile at doses up to 
encequidar 15 mg daily + paclitaxel 270 mg daily for 5 days, 
which was the highest weekly dose tested in this study. At 
this dose level, only one out of six patients experienced a 
DLT. Therefore, per protocol definition, the highest dose 
tested was determined to be the MTD. The single DLT 
(febrile neutropenia) occurred in the Part 1 Arm 2 (5 days) 
group during Cycle 1.

In Part 1 Arm 1, safety was evaluated in six patients who 
received encequidar 15 mg weekly + paclitaxel 270 mg daily 
for 2 or 3 consecutive days. No grade ≥ 3 treatment-related 
adverse events (TRAEs) were observed in this cohort of 
patients. Grade 2 TRAEs included anorexia, nausea/vomit-
ing, fatigue, dysgeusia, and hyperbilirubinemia.

In Part 1 Arm 2, safety was evaluated in 18 patients who 
received encequidar 15 mg daily + paclitaxel 270 mg daily 
for 2, 3, 4, or 5 consecutive days. In Part 2, safety was evalu-
ated in additional ten patients who received the 5-day dos-
ing. Most of the TRAEs were grade 2 or 3 in severity and 
most were observed with the 5-day dosing. At the highest 
dosing level, the most frequently reported TRAEs were neu-
tropenia (41.2%), nausea (41.2%), fatigue (35.3%), and ano-
rexia (29.4%). Nine patients (32.1%) experienced grade ≥ 3 
TRAEs, 1 in the 4-day group (3.5%) and 8 in the 5-day group 
(28.6%). Grade ≥ 3 TRAEs included neutropenia, anemia, 
febrile neutropenia, dehydration, hypophosphatemia, nausea/
vomiting, and pneumonia (Table 2). The study observed no 
grade 5 TRAEs, no episodes of treatment-related hypersen-
sitivity-type reactions, and no treatment-related neuropathy.

Pharmacokinetics

The PK analysis included all of the 24 patients from Part 
1 and 10 patients from Part 2. Paclitaxel PK parameters at 
all assessment days are summarized in Table 3. Following 
Oraxol administration, paclitaxel showed rapid absorp-
tion, followed by a biexponential decay in plasma con-
centration (Fig. 2a). Across all dosing regimens, median 
time of maximum plasma concentration (Tmax) ranged 
from 1 to 2 h and mean Cmax on day 1 ranged from 147 
to 246 ng/mL. After 5 consecutive days of dosing, mean 
Cmax was approximately 140 ng/mL and ranged from 25 
to 263 ng/mL, suggesting minimal paclitaxel accumula-
tion. Across all cohorts, mean (± SD) paclitaxel plasma 
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exposures (AUC 0–8 h) on day 1 ranged from 367 (± 293) 
to 792 (± 654) ng*hr/mL. Minimal changes in paclitaxel 
exposure were observed in patients when the frequency 
of encequidar dosing was altered and prandial status was 
controlled, suggesting no additional increase in plasma 
exposure and no accumulation following 2–5 consecutive 
days of treatment.

Plasma exposures of paclitaxel metabolites, 3’p-Asd-
hydroxy paclitaxel and 6α-hydroxy paclitaxel, were rela-
tively low following Oraxol administration. The mean 
(± SD) metabolic ratios of 3’p-hydroxy paclitaxel and 
6α-hydroxy paclitaxel across all cohorts and days ranged 
from 0.140 (± 0.064) to 0.471 (± 0.250) and 0.0382 
(± 0.0060) to 0.209 (± 0.364), respectively.

The systemic exposure of encequidar was low with the 
15-mg oral dose (Fig. 2b). Mean (± SD)  Cmax of metab-
olites HM30181 and HM30181-M1 ranged from 0.738 
(± 0.248) to 2.08 (± 0.660) ng/mL and 0.130 (± 0.0276) 
to 0.480 (± 0.00) ng/mL, respectively, across all cohorts 
and days of Oraxol dosing. A few plasma concentrations 
were measurable, and thus, no other PK parameters could 
be estimated based on PK rules.

Anti‑tumor activity

Of the 28 patients evaluable for efficacy, 2 patients (7.1%) 
achieved a partial response and 18 patients (64.3%) 
achieved stable disease as their best response per RECIST 
v1.1. A summary of the responses is shown in Fig. 3. Of 
the 20 patients who achieved a partial response or stable 
disease, 11 patients (55%), including one of the patients 
who achieved a partial response, had prior exposures to 
taxanes. Median duration of response for patients with 
stable disease was 3.02 months. Both of the patients with 
partial response were in 5 day dose cohorts. One of the 
patients had salivary gland carcinoma and had received no 
prior systemic therapies. The duration of response for this 
patient was 6.1 months. The other patient who achieved 
partial response had ovarian cancer and was heavily pre-
treated with > 5 lines of anti-neoplastic agents, including 
IV paclitaxel. The duration of response for this patient 
was 5.58 months.

Fourteen patients with prior exposure to taxanes were 
evaluable for efficacy. Of these, ten patients (71.4%) 
achieved stable disease, three patients (21.4%) had 

Table 1  Baseline patient 
characteristics

Characteristic Part 1 (n = 24)
No. (%)

Part 2 (n = 10)
No. (%)

All (n = 34)
No. (%)

Age, Years, Median (Range) 62.5 (32–73) 65 (55–79) 63.5 (32–79)
Sex
 Male 14 (58.3) 6 (60.0) 20 (58.8)
 Female 10 (41.7) 4 (40.0) 14 (41.2)

ECOG Performance Status
 0 6 (25.0) 1 (10.0) 7 (20.6)
 1 18 (75.0) 9 (90.0) 27 (79.4)

Race
 White 22 (91.7) 8 (80.0) 30 (88.2)
 Black or African American 2 (8.3) 2 (20.0) 4 (11.8)

Cancer Type
 Prostate Cancer 1 (4.2) 4 (40.0) 5 (14.7)
 Colorectal Cancer 4 (16.7) 1 (10.0) 5 (14.7)
 Gynecologic Cancer 4 (16.7) 2 (20.0) 6 (17.6)
 Head and Neck Cancer 6 (25.0) 1 (10.0) 7 (20.6)
 Sarcoma 4 (16.7) 1 (10.0) 5 (14.7)
 Other 5 (20.8) 1 (10.0) 6 (17.6)

No. Prior Antineoplastic Therapies
 0–2 12 (50.0) 2 (20.0) 14 (41.2)
 3–4 5 (20.8) 3 (30.0) 8 (23.5)
 ≥ 5 7 (29.2) 5 (50.0) 12 (35.3)

Prior Exposure to Taxanes
 Yes 12 (50.0) 6 (60.0) 18 (52.9)
 No 12 (50.0) 4 (40.0) 16 (47.1)
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progressive disease, and one (7.2%) achieved partial 
response, as described above.

Discussion

Oral administration of paclitaxel is an attractive therapeutic 
option for patients given the convenience and potentials for a 
more favorable toxicity profile compared to the IV formula-
tions. A few approaches have been tested clinically, includ-
ing inhibiting P-gp efflux pump using cyclosporin (CsA) 
[10–15] and using lipid-based formulation (e.g., DHP107) 
[16–19]. CsA is a calcineurin inhibitor used as an immuno-
suppressant in solid organ transplant and had been used at 
pharmacologically active doses to enhance the oral bioavail-
ability of paclitaxel. However, CsA is also a strong inhibitor 
of CYP3A, BCRP, MRP2, and OATP enzymes that may lead 
to potentially problematic drug-drug interactions with con-
comitant medications [20]. The systemic absorption of CsA 
may also lead to serious toxicities, e.g., nephro- and neuro-
toxicities, when used over multiple cycles [21]. In contrast, 
encequidar is a highly selective and potent P-gp inhibitor 
with poor oral bioavailability that, when used over multiple 
cycles, avoids the potential toxicities and drug–drug inter-
actions associated with systemic absorption; as such, the 
sequential administration with paclitaxel (Oraxol) provides 
an attractive approach to clinical development.

Here, we successfully evaluated the approach of inhibit-
ing the P-gp efflux pump using oral encequidar to enhance 
the gastrointestinal absorption of oral paclitaxel. Paclitaxel 

dose escalation was achieved by increasing the number of 
consecutive dosing days per dosing week. The daily dosing 
of encequidar in tandem with paclitaxel dosing was used for 
the majority of the study.

Oraxol demonstrated an acceptable safety profile up to 
the highest planned dose, which was encequidar 15 mg 
daily + paclitaxel 270 mg daily for 5 days per week for 3 
out of 4 weeks. Based on the protocol definition, the high-
est tested dose was declared to be the MTD. No treatment-
related hypersensitivity-type reactions were observed. 
Interestingly, treatment-related or worsening of pre-existing 
peripheral neuropathy was not observed in enrolled patients. 
GI toxicities such as nausea/vomiting were commonly 
observed in our study. While the majority of observed GI 
toxicities were grade 2, they may have significant impact on 
patients’ quality of life. The use of pre-medication with anti-
emetics and as-needed anti-diarrheals are recommended.

The incidence of severe toxicities compares favorably 
to Cre-paclitaxel, which caused ≥ grade 3 neutropenia in at 
least 52% of patients, anemia in 16% of patients, hypersen-
sitivity-type reaction in 2% of patients, and grade ≥ grade 3 
peripheral neuropathy in 3–18% of patients [22]. Of note, 
in patients with metastatic disease, peripheral neuropathy 
is often the dose and duration limiting toxicity. The lack of 
peripheral neuropathy in our study is exciting and consistent 
with the existing data that neuropathy is uncommon with 
Oraxol [8, 23]. The incidence of neutropenia across all dose 
levels is also comparable to albumin-bound paclitaxel [24].

The PK aspect was the secondary objective in the current 
study, as the full characterization of oral paclitaxel (with 

Table 3  Paclitaxel PK 
parameters following 
Oraxol administration 
(270 mg, ~ 150 mg/m2), 
stratified by dose cohort and 
 daya

C1-A1 Part 1 Arm 1 × 2 days, C1-A2 Part 1 Arm 2 × 2 days, C2-A1 Part 1 Arm 1 × 3 days, C2-A2 Part 1 
Arm 2 × 3 days, C3-A2 Part 1 Arm 2 × 4 days, C4-A2 Part 1 Arm 2 × 5 days, QD once daily, tmax time to 
reach maximum (peak) concentration after drug administration, Cmax maximum drug concentration, AUC 
0-8 h area under the concentration × time curve from time zero to 8 h post-dose
a PK parameters are presented as mean (SD, CV%), with the exception of  tmax, which is shown as median 
(min, max)

Cohort dose regimen Day No. of subjects tmax (h) Cmax (ng/mL) AUC 0–8 h (ng•h/mL)

C1-A1
(QD × 2)

1 N = 3 2.02 (2.00, 3.97) 246 (203, 82%) 792 (654, 83%)
2 N = 3 2.05 (1.02, 2.10) 91.5 (21.3, 23%) 312 (23, 8%)

C1-A2
(QD × 2)

1 N = 5 2.03 (0.53, 2.17) 214 (127, 59%) 435 (192, 44%)
2 N = 5 1.98 (1.00, 2.17) 336 (135, 40%) 707 (107, 15%)

C2-A1
(QD × 3)

1 N = 3 1.97 (1.00, 4.00) 168 (169, 101%) 381 (228, 60%)
3 N = 3 1.08 (0.52, 4.02) 302 (275, 91%) 592 (399, 67%)

C2-A2
(QD × 3)

1 N = 3 1.37 (1.00, 2.02) 233 (162, 70%) 531 (209, 39%)
3 N = 3 1.00 (0.93, 2.30) 304 (225, 74%) 667 (172, 26%)

C3-A2
(QD × 4)

1 N = 3 2.00 (1.92, 2.00) 223 (76, 34%) 564 (181, 32%)
4 N = 3 1.75 (1.05, 2.02) 73.3 (23.1, 32%) 263 (82, 31%)

C4-A2
(QD × 5)

1 N = 7 1.15 (1.00, 3.98) 174 (96, 55%) 441 (189, 43%)
5 N = 6 1.00 (0.50, 1.98) 137 (81, 59%) 443 (196, 44%)

Part2
(QD × 5)

1 N = 10 2.00 (0.58, 2.20) 147 (123, 84%) 367 (293, 80%)
5 N = 10 2.04 (1.05, 2.23) 140 (87, 62%) 435 (234, 54%)
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encequidar) PK in comparison with IV paclitaxel was per-
formed in a separate study [25]. Hence, to minimize patient 
visits, the PK profile was limited to 8 h post-dose (the 8 h 

AUC is 75% of 24 h AUC) [25]. The PK analyses revealed 
that paclitaxel was rapidly absorbed following Oraxol 
administration. Oraxol formulation achieved mean  Cmax of 

Fig. 2  Mean (± SD) plasma 
concentration–time profiles of 
paclitaxel (a) and encequidar 
(b) following Oraxol adminis-
trations, stratified by cohort and 
day. a1 Paclitaxel (day-8 sample 
is the last timepoint of days 
2–5 last-day dosing). a2 X-axis 
truncated at 10 h for visualiza-
tion of absorption profiles, 
including  tmax. C1-A1 Part 1 
Arm 1 × 2 days; C1-A2 Part 1 
Arm 2 × 2 days, C2-A1 Part 1 
Arm 1 × 3 days, C2-A2 Part 1 
Arm 2 × 3 days, C3-A2 Part 1 
Arm 2 × 4 days, C4-A2 Part 1 
Arm 2 × 5 days
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147–246 ng/mL and mean AUC 0-8 h of 367–792 ng*hr/mL 
on day 1 of oral paclitaxel dosing at 270 mg. In this study, 
Oraxol delivered lower paclitaxel exposure than published 
oral CsA/paclitaxel PK studies [26–28]. For example, Brit-
ten et al. reported mean paclitaxel AUC 3238 ng*hr/mL fol-
lowing a single dose of 180 mg paclitaxel orally [26]. The 
higher paclitaxel exposure using CsA is likely secondary 
to effects on other metabolic enzymes besides P-gp such as 
CYP3A4.

Paclitaxel exposure was comparable across consecu-
tive days of dosing, suggesting no accumulation follow-
ing 2–5 days of administration. For the P-gp inhibitor, the 
plasma concentrations of HM30181 and HM30181-M1 were 
minimal when encequidar was administered orally at 15 mg 
daily, suggesting poor gastrointestinal absorption. For PK 
metabolites, their ratios to parent paclitaxel appeared to be 
significant to suggest that additional drug interaction stud-
ies with potential concomitant inhibitors/inducers, or organ-
impairment studies, are justified.

Anti-tumor efficacy was observed with Oraxol par-
ticularly at higher dose levels. Partial response and sta-
ble disease were achieved as the best overall response per 
RECIST v1.1 criteria in 2 (7.1%) and 18 (64.3%) patients, 
respectively. Both partial responses were observed at the 
5-day dose, as were 9 of the 18 patients who had stable 
disease. Clinical activity was seen in multiple tumor types 
including gynecologic cancers (ovarian cancer, mixed 

muellerian tumor of uterus, and peritoneal high-grade pap-
illary serous carcinoma), prostate cancer, head and neck 
cancers (adenoid cystic carcinoma, salivary gland carci-
noma, and esthesioneuroblastoma), and sarcoma. Of note, 
the majority who previously received taxanes achieved 
stable disease (71.4%) and partial response was observed 
in one patient. This suggests that Oraxol may have clini-
cal activity in patients who were previously treated using 
taxanes.

Overall, this study demonstrates that fixed-dosing admin-
istration of Oraxol is feasible, safe, and tolerable, and the 
observed efficacy supports further development. Addition-
ally, Oraxol has the potential to be an additional treatment 
option for patients who were previously intolerant of or pro-
gressed on taxanes. Moving forward, our next step will be to 
study this novel oral formulation of paclitaxel in tumor types 
that are known to be responsive to IV paclitaxel. Oraxol 
is already being evaluated in metastatic breast cancer and 
angiosarcoma (NCT02594371, NCT03544567), as well as in 
combination regimens with angiogenic and immune check-
point inhibitors (NCT02970539, NCT03588039).
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