
│ http://www.cancerresearchandtreatment.org │
│ http://www.e-crt.org │

234 Copyright ⓒ 2014 by  the Korean Cancer Association
This is an Open-Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/ 

licenses/by-nc/3.0/)which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

Cancer Res Treat. 2014;46(3):234-242

pISSN 1598-2998, eISSN 2005-9256

http://dx.doi.org/10.4143/crt.2014.46.3.234

Original Article Open Access

A Phase I Study of Oral Paclitaxel with a Novel P-Glycoprotein
Inhibitor, HM30181A, in Patients with Advanced Solid Cancer

Purpose

The purpose of this study is to determine the maximum tolerated dose (MTD), safety,

pharmacokinetics, and recommended phase II dose of an oral drug composed of pa-

clitaxel and HM30181A, which is an inhibitor of P-glycoprotein, in patients with ad-

vanced cancers.

Materials and Methods

Patients with advanced solid tumors received standard therapy were given the study

drug at escalating doses, using a 3+3 design. The study drug was orally administered

on days 1, 8, and 15, with a 28-day cycle of administration. The dose of paclitaxel was

escalated from 60 to 420 mg/m2, and the dose of HM30181A was escalated from

30-210 mg/m2.

Results

A total of twenty-four patients were enrolled. Only one patient experienced a dose-

limiting toxicity—a grade 3 neutropenia that persisted for more than 2 weeks, at 240

mg/m2 of paclitaxel. MTD was not reached. The maximum plasma concentration was

obtained at a dose level of 300 mg/m2 and the area under the curve of plasma con-

centration-time from 0 to the most recent plasma concentration measurement of pa-

clitaxel was reached at a dose level of 420 mg/m2. The absorption of paclitaxel tends

to be limited at doses that exceed 300 mg/m2. The effective plasma concentration

of paclitaxel was achieved at a dose of 120 mg/m2. Responses of 23 patients were

evaluated; 8 (34.8%) had stable disease and 15 (65.2%) had progressive disease.  

Conclusion

The study drug appears to be well tolerated, and the effective plasma concentration

of paclitaxel was achieved. The recommended phase II dose for oral paclitaxel is 300

mg/m2.
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Introduction

Paclitaxel is a useful drug against a wide range of solid
cancers. However, there remains to be a problem of hyper-

sensitivity [1]. Recently, efforts have been focused on devel-
oping an oral formulation of paclitaxel. The potential advan-
tages of oral formulation include the following: lack of
hypersensitivity, convenience for patients, and potential con-
tinuous exposure to paclitaxel. Some oral forms of paclitaxel
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have been developed and exhibited promising results in
phase 1 studies [2,3]; however, none of these agents have
been fully developed. The major obstacle in developing oral
paclitaxel has been poor oral bioavailability that originates
from high affinity for P-glycoprotein (P-gp), which is abun-
dant in the gastrointestinal mucosa [4]. Previous studies il-
lustrated that the oral co-administration of P-gp inhibitors
and paclitaxel could increase the bioavailability of paclitaxel
[5,6]. 

Hanmi Pharmaceutical (Seoul, Korea) developed
HM30181A, which is a novel inhibitor of P-gp. HM30181A
displayed selective inhibition of P-gp and co-administration
of oral paclitaxel with it increased the oral bioavailability of
paclitaxel in rats [7]. The dose ratio of HM30181A and oral
paclitaxel was determined to be 1:2 via the oral absorption
test in rats. The tolerability and pharmacokinetics of
HM30181A in humans had been evaluated in healthy Korean
male volunteers [8]. HM30181A appeared to be well toler-
ated and had relatively low systemic exposure.  

We performed a first-in-human phase I study of an oral
drug composed of paclitaxel and HM30181A on patients
with advanced solid cancers. The primary objectives of this
study are to determine the maximum tolerated dose (MTD),
as well as to explore the dose limiting toxicity (DLT). In
addition, the secondary objectives are to evaluate the phar-
macokinetics and estimate the recommended phase II dose
of the study drug in patients with advanced solid cancers.

Materials and Methods

1. Patient eligibility

Patients were considered eligible if they had histologically
confirmed advanced solid tumors. The inclusion criteria
were as follows: 1) patients for whom no standard therapy
exists or who were not amenable to established treatment; 2)
between 19 and 70 years of age; 3) Eastern Cooperative
Oncology Group performance status of 2 or less; 4) expected
life expectancy of at least 12 weeks; 5) adequate hematolog-
ical, renal, and hepatic function; and 6) no prior chemother-
apy, radiation therapy, surgery, and immunotherapy in the
previous 4 weeks. Patients with the following conditions
were excluded: 1) uncontrolled infectious disease and metas-
tasis to the central nervous system; 2) previous bone marrow
transplant; 3) symptomatic atrial or ventricular arrhythmia
or congestive heart failure or medical treatment for myocar-
dial infarction within the past 6 months; 4) psychiatric
disorders or neurologic problems, including dementia or
epilepsy; 5) pregnancy or lactating or with childbearing

potential without the use of adequate contraception; and 6)
the use of P-gp inhibitors, such as cyclosporine, within 2
weeks prior to study enrollment. 

2. Study design

This phase I, open-label, dose-escalating study was
conducted at Seoul National University Hospital (Seoul,
Korea). This study was performed in accordance with the
Declaration of Helsinki and approved by the Institutional
Review Board (IRB H-0605-025-174). This study was also reg-
istered at http:// www.clinicaltrial.gov (NCT01491204).

Paclitaxel solution was started with a dose of 60 mg/m2

and was increased up to 480 mg/m2, in increments of 60
mg/m2. A total of 300 mg of paclitaxel, without Cremophor
EL (CrEL) and ethanol, is contained in a 10 mL paclitaxel
solution. The dose of HM30181A was half that of paclitaxel.
HM30181A was administered with 200 mL water, under an
overnight fasting condition, 1 hour before paclitaxel treat-
ment. Each cycle was 28 days, and the test drugs were ad-
ministered on days 1, 8, and 15 within each cycle. No
premedication for hypersensitivity was delivered. Toxicity
was graded in accordance to the Common Toxicity Criteria
for Adverse Events ver. 3.0 [9]. DLT was defined as follows:
1) grade 4 neutropenia that lasted 7 days in duration or with
fever (≥ 38.5°C); 2) grade 3/4 thrombocytopenia for ≥ 7 days
in duration or with transfusion or bleeding; 3) treatment
delay of > 2 weeks due to drug-related toxicities; or 4) grade
3/4 nonhematologic toxicity (excluding nausea, vomiting,
alopecia, anorexia, and fever) that occurred during the first
cycle of treatment. In case of toxicity corresponding to DLT
after the second cycle, the dose of the following cycle was re-
duced by 25% of the initial dose. If the hematologic and non-
hematologic toxicities were not recovered appropriately by
the D1 of the following cycle, or it was necessary to delay
dosing for patients’ safety, as determined by the principle in-
vestigator, administration could be delayed up to 2 weeks.
Patients with absolute neutrophil count (ANC) ≥ 1,500/mm3

and platelet count (PLT) ≥ 100,000 /mm3 were permitted for
day 1 dosing, and ANC ≥ 1,000/mm3 and PLT ≥ 75,000/mm3

for D8 and D15 dosing. Dose escalation followed the stan-
dard 3+3 rule. The MTD was defined as the dose level; at
which, two or more patients experienced DLTs. 

Tumor responses were evaluated every two cycles accord-
ing to Response Evaluation Criteria In Solid Tumors
(RECIST) ver. 1.0 [10]. Patients were withdrawn from the
study when they displayed signs of progressive disease or
unacceptable toxicity, or simply when they withdrew con-
sent. 
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3. Pharmacokinetics

At least two patients at each dose level underwent blood
sampling during the first cycle. The blood sampling times for
paclitaxel were immediately before administration, 0.25, 0.5,
1, 2, 3, 4, 5, 6, 8, 10, 24, 34, and 48 hours after administration;
the blood sampling times for HM30181 were immediately
before administration, 0.5, 1, 2, 3, 4, 5, 7, 11, 25, 35, and 49
hours after administration. The plasma concentrations of pa-
clitaxel and HM30181A were measured using a validated liq-
uid chromatography/tandem mass spectrometry method
[11]. The actual sample collection time was used for pharma-
cokinetic analyses. The maximum plasma concentration
(Cmax) and time required to reach the Cmax (Tmax) parameter
estimates were the actual observed values. The area under
the curve (AUC) was calculated by applying a linear-up/log-
down trapezoidal method to the observed plasma concen-
tration-time graph. The pharmacokinetic parameters of the
test drugs were calculated by using  noncompartmental
analysis and WinNonlin ver. 5.2 (Pharsight, CA). To evaluate
the systemic exposure of paclitaxel according to the dose-
group, we used a noncompartmental analysis because it re-
quired little assumption, while providing an exact estimate
of pharmacokinetic exposure to individuals. The elimination
constant (λz) was determined by a log-linear regression

analysis of the terminal phase, and the elimination half-life
(T1/2) was obtained by ln(2)/λz. The AUC from time 0 to in-
finite time (AUCinf) was obtained by summing AUClast (AUC
from 0 to the last time to measure the plasma concentration)
and AUCext (estimated by taking the ratio between the last
measurable plasma concentration and λz). Oral clearance
(CL/F) was calculated by dividing the total paclitaxel dose
by AUCinf. The volume of distribution (Vd/F) of oral pacli-
taxel was determined by measuring the ratio of CL/F to λz.
The mean residence time was calculated as 1/λz. To evaluate
the dose proportionality, the power model (Y=Exp(α)
(Dose)β Exp(ε), If beta=1, dose-proportionality can be de-
clared) was applied to each dose-dependent PK parameter
(Cmax, AUClast) [12]. All statistical analys es were performed
using SAS ver. 9.1 (SAS Institute Inc., Cary, NC).

Results

1. Patient characteristics and treatment

A total of twenty-five patients were enrolled in the study.
However, one male patient withdrew his consent without

NSCLC, non-small cell lung carcinoma. a)Radiotherapy only, b)Maxillary sinus, tongue, trachea, submandibular gland, parotid
gland, c)Appendiceal carcinoma, bladder cancer, leiomyosarcoma (2), nasopharynx.

Table 1. Patient characteristics at baseline

Characteristic No. of patients (%)

Age (yr)

Median (range) 60.00 (35-67)

Gender 

Male/Female 16/8

Prior radiotherapy

Yes 11

No 13

Prior chemotherapy

Nonea) 3

1-2 regimens 8

≥ 3 regimens 13

Tumor type

Colorectal 6

Adenoid cystic carcinomab) 5

NSCLC 2

Breast 2

Pancreas 2

Gallbladder 2

Othersc) 5
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any treatment due to an aggravation from an underlying
disease. The baseline characteristics of the remaining 24
patients are shown in Table 1. Three patients with history of
adenoid cystic carcinoma underwent radiotherapy-only
treatment. The remaining 21 patients were treated with
systemic chemotherapies.   

Distribution of patients across the cohort and dose escala-
tion scheme are described in Table 2. Three patients were se-
lected to receive each dose level, excluding the 240 mg/m2

dose level, which induced one case of DLT. All patients ad-
hered to the prescribed medications, and the compliance rate
was 100%. A total of 83 cycles of paclitaxel were adminis-
trated to 24 patients. The median cycle number for paclitaxel
was 2.0 (range, 1 to 16) across the entire study population,
and the highest cycle number was observed for the 180
mg/m2 dose level (7 cycles; range, 4 to 8).

2. Toxicity

Regarding the paclitaxel dose level of 240 mg/m2, grade 3
neutropenia without fever occurred in a patient with
metastatic breast cancer, who was previously treated with
four lines of systemic chemotherapies, including paclitaxel.
The first cycle could not be completed within 6 weeks in this

patient. No other DLT was observed throughout the remain-
ing dose levels; thus, it was not possible to determine MTD.

There were 15 cases of hematologic toxicities and 55 cases
of nonhematologic toxicities related to the treatment. Table
3 summarizes the drug-related hematologic toxicities for
each dose level. All of the grade 3/4 hematologic toxicities
were observed at dose levels of 240 mg/m2 or higher. The
most frequent drug-related nonhematologic toxicities
included diarrhea (16 patients), nausea (8 patients), and
alopecia (7 patients). Table 4 summarizes the drug-related
nonhematologic toxicities observed during the study. There
was no grade 3 or higher nonhematologic toxicity. 

One patient with refractory non-small cell lung cancer,
who exhibited multiple lung and bone metastases, experi-
enced a serious adverse event (SAE) at a paclitaxel dose of
420 mg/m2. SAE was cholangiohepatitis, which was recov-
ered after endoscopic biliary drainage. This event had no
causal relationship with the investigational product.

3. Pharmacokinetics

Except the 2 patients who did not consent to collect PK
samples and 5 patients whose blood samples were not ade-
quate for analysis, pharmacokinetic evaluations were per-

a)Grade 3 neutropenia, which was lasted over 2 weeks.

Table 2. Dose escalation scheme and incidence of dose limiting toxicity (DLT)

Dose level (mg/m2)

No. of patients Total cycles No. of patients with DLT

Paclitaxel HM30181A

60 30 3 20 0

120 60 3 8 0

180 90 3 19 0

240 120 6 16 1a)

300 150 3 6 0

360 180 3 6 0

420 210 3 8 0

Table 3. Summary of all grades of hematologic toxicities by paclitaxel dose

60 mg/m2 120 mg/m2 180 mg/m2 240 mg/m2 300 mg/m2 360 mg/m2 420 mg/m2 Total

(n=3) (n=3) (n=3) (n=6) (n=3) (n=3) (n=3) (n=24)

Neutropenia 0 0 0 3 (2)a) 1 (1)a) 1 (1)a) 1 (1)a) 6 (25.0%)

Anemia 0 0 1 3 (2)a) 0 0 0 4 (16.7%)

Leukopenia 0 0 0 3 (1)a) 1 0 1 (1)a) 5 (20.8%)

a)Number in parenthesis is the number of patients who experienced grade 3/4 toxicity.
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formed in 17 patients following the first dose over the 60-420
mg/m2 dose range of paclitaxel. The pharmacokinetic
parameters of paclitaxel are described in Table 5. Fig. 1

depicts the concentration versus time curves of paclitaxel at
each dose level. Paclitaxel was rapidly absorbed, and the
peak plasma concentration was achieved within 0.5-1 hour
of administration. The T1/2 was 19.9-32.1 hours across all the
dose levels (Table 5), which did not show any trend with the
dose levels. The mean AUClast values for the doses of 60, 120,
180, 240, 300, 360, and 420 mg/m2 were also shown in Table
5. The maximal Cmax value and the maximal AUClast value
were obtained at a dose level of 300 mg/m2 and 420 mg/m2,
respectively. Although the dose proportional tendency in
pharmacokinetic property was shown using a power model
(95% confidence interval of the slope, 0.414 to 1.305 for Cmax

and 0.204 to 1.302 for AUClast) (Fig. 2), Cmax and AUClast of pa-
clitaxel did not exhibit a significant  increment in response
to paclitaxel dose escalation beyond the dose level of maxi-
mal Cmax and AUClast. The plasma concentration of paclitaxel
over time revealed that the effective range (0.01-0.1 μM) [13]
was achieved with doses of 120 mg/m2 or higher for 24
hours. 

4. Antitumor activity

Twenty-three patients had measurable diseases. Eight
(34.8%) of these patients exhibited stable disease (SD), and
15 patients (65.2%) exhibited progressive disease. Tumor
shrinkage was not reported in this study. With regard to each
dose level, one, one, three, two, and one patient exhibited SD

Table 4. Summary of all grades of nonhematologic toxicities by paclitaxel dose

60 mg/m2 120 mg/m2 180 mg/m2 240 mg/m2 300 mg/m2 360 mg/m2 420 mg/m2 Total

(n=3) (n=3) (n=3) (n=6) (n=3) (n=3) (n=3) (n=24)

Diarrhea 1 1 3 5 1 2 3 16 (66.67)

Nausea 2 0 1 2 1 1 1 8 (33.33)

Vomiting 0 0 0 0 1 1 3 5 (20.83)

Dyspepsia 0 2 0 0 0 0 0 2 (8.33)

Stomatitis 1 0 0 0 0 0 0 1 (4.17)

Alopecia 0 1 1 3 1 1 0 7 (29.17)

Pruritus 0 0 0 1 1 0 0 2 (8.33)

Rash 0 0 0 1 1 0 0 2 (8.33)

Anorexia 0 1 1 1 1 0 0 4 (16.67)

Fatigue 1 0 0 0 1 0 0 2 (8.33)

Facial edema 1 0 0 0 0 0 0 1 (4.17)

Myalgia 1 0 0 1 0 0 0 2 (8.33)

Dizziness 1 0 0 0 0 0 0 1 (4.17)

Neuropathy 0 0 0 1 0 0 0 1 (4.17)

Hypersensitivity 0 0 0 0 0 1 0 1 (4.17)

Values are presented as number (%).

Fig. 1. Plasma concentration-time curves of paclitaxel at
each dose level.
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at 60, 120, 180, 240, and 420 mg/m2. The median duration of
SD was 16.5 weeks (range, 12.5 to 62.3 weeks). Among the
eight patients who displayed SD, five had adenoid cystic
carcinoma, and the remaining 3 had non-small cell lung
cancer, rectal cancer, and gallbladder cancer. 

Discussion

This is the first-in-human phase I study to determine MTD
and explore the safety and pharmacokinetic properties of
oral paclitaxel and HM30181A. Although MTD was not

determined, this study demonstrated that oral paclitaxel
with HM30181A was well tolerated, and therapeutic plasma
levels of paclitaxel were achieved.

In this study, Cmax and AUClast exhibited dose linearity in
limited range of the dose levels with a power model.
However, systemic exposure of paclitaxel was not increased
significantly at doses exceeding 300 mg/m2. Considering that
T1/2 was not affected across all dose levels, this result could
be explained by limited absorption, rather than increased
elimination at the dose levels of 360 and 420 mg/m2.
Therefore, we judged that MTD would not be reached with
additional dose escalation. Additionally, interindividual dif-
ferences in paclitaxel exposure were prominent in this study.
This finding is believed to be due to individual variability of
P-gp, which was responsible for the absorption of paclitaxel
[14]. When P-gp with high activity is inhibited, paclitaxel
absorption will be largely increased. Meanwhile, the inhibi-
tion of P-gp with low activity scarcely changes the absorp-
tion. Therefore, P-gp variability of each patient could explain
the interindividual differences in pharmacokinetics.

The effectiveness of paclitaxel is related to the maintenance
of cytotoxic plasma concentrations [15], and the effective
cytotoxic plasma concentration range of paclitaxel is 0.01-0.1
μM [13]. In this study, co-administration of oral paclitaxel
and HM30181A achieved a therapeutic efficacy at the pacli-
taxel dose of 120 mg/m2 without significant toxicity. Several
studies reported that weekly paclitaxel is highly active and
better tolerated than a three-weekly schedule, and the effi-
cacy of weekly paclitaxel was proven even in patients who
previously failed with taxanes [16-18]. The superiority of
weekly paclitaxel may be due to prolonged drug exposure,
direct antiangiogenic effect, or both [19,20]. In the current
study, this schedule could be one of the alternatives of
weekly paclitaxel in a point of prolonged drug exposure. 

The common toxicities of conventional paclitaxel include
hypersensitivity, neutropenia, and neuropathy [1]. CrEL is a
well-documented risk factor of hypersensitivity reactions,
and CrEL-free formulations do not cause hypersensitivity
reactions [3,21,22]. Oral paclitaxel and HM30181A did not
induce hypersensitivity reactions without premedication,
similar to the other CrEL-free paclitaxel formulations. The
major determinant of neutropenia could be the length of time
in which the upper limit of the paclitaxel therapeutic level
(0.1 μM) is exceeded [1]. In this study, the duration of time
for which the upper limit of the paclitaxel therapeutic level
was exceeded was much shorter than that for which the
lower limit of the therapeutic level (0.01 μM) was exceeded.
Such property may have contributed to the low incidence of
neutropenia in our study. There was only one case of neu-
ropathy in this study: at a dose of 240 mg/m2. CrEL is known
to cause neuropathy [23]; however, CrEL-free paclitaxel for-
mulations have also been reported to cause neuropathy at
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Fig. 2. Linear regression profiles of pharmacokinetic
parameters. (A) Dose-AUClast linear regression profiles
(slope, 0.753; 95% confidence interval [CI], 0.204 to 1.302).
(B) Dose-Cmax linear regression profiles (slope, 0.860; 95%
CI, 0.414 to 1.305). AUClast, area under the plasma concen-
tration-time curve from 0 to last time to measure plasma
concentration; Cmax, maximum plasma concentration.
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Conflicts of Interest

Dr. Yung-Jue Bang has received honoraria for consultan-
cies and research grants from Hanmi Pharm. Co. Ltd. Dr.
Seock-Ah Im has received honoraria for consultant and
advisory board member from Hanmi Pharm. Co. Ltd. Dr.
Do-Youn Oh received research grant from Hanmi Pharm.
Co. Ltd. The other authors have no conflicts of interest that
are directly relevant to the content of this article.

Acknowledgments

This study was sponsored by Hanmi Pharm. Co. Ltd.,
Seoul, Korea.

학회지(46-3)_in  14. 7. 10.  오후 5:54  페이지 241



242 CANCER  RESEARCH  AND  TREATMENT

Cancer Res Treat. 2014;46(3):234-242

13. Kobayashi M, Oba K, Sakamoto J, Kondo K, Nagata N, Ok-
abayashi T, et al. Pharmacokinetic study of weekly administra-
tion dose of paclitaxel in patients with advanced or recurrent
gastric cancer in Japan. Gastric Cancer. 2007;10:52-7.

14. Cascorbi I. Role of pharmacogenetics of ATP-binding cassette
transporters in the pharmacokinetics of drugs. Pharmacol
Ther. 2006;112:457-73.

15. Norton L. Theoretical concepts and the emerging role of tax-
anes in adjuvant therapy. Oncologist. 2001;6 Suppl 3:30-5.

16. Seidman AD, Berry D, Cirrincione C, Harris L, Muss H, Mar-
com PK, et al. Randomized phase III trial of weekly compared
with every-3-weeks paclitaxel for metastatic breast cancer,
with trastuzumab for all HER-2 overexpressors and random
assignment to trastuzumab or not in HER-2 nonoverexpres-
sors: final results of Cancer and Leukemia Group B protocol
9840. J Clin Oncol. 2008;26:1642-9.

17. Sparano JA, Wang M, Martino S, Jones V, Perez EA, Saphner
T, et al. Weekly paclitaxel in the adjuvant treatment of breast
cancer. N Engl J Med. 2008;358:1663-71.

18. Baird RD, Tan DS, Kaye SB. Weekly paclitaxel in the treatment
of recurrent ovarian cancer. Nat Rev Clin Oncol. 2010;7:575-
82.

19. Pasquier E, Kavallaris M, Andre N. Metronomic chemother-
apy: new rationale for new directions. Nat Rev Clin Oncol.
2010;7:455-65.

20. Bocci G, Nicolaou KC, Kerbel RS. Protracted low-dose effects
on human endothelial cell proliferation and survival in vitro
reveal a selective antiangiogenic window for various
chemotherapeutic drugs. Cancer Res. 2002;62:6938-43.

21. Kim TY, Kim DW, Chung JY, Shin SG, Kim SC, Heo DS, et al.
Phase I and pharmacokinetic study of Genexol-PM, a cre-
mophor-free, polymeric micelle-formulated paclitaxel, in pa-
tients with advanced malignancies. Clin Cancer Res.
2004;10:3708-16.

22. Ibrahim NK, Desai N, Legha S, Soon-Shiong P, Theriault RL,
Rivera E, et al. Phase I and pharmacokinetic study of ABI-007,
a Cremophor-free, protein-stabilized, nanoparticle formula-
tion of paclitaxel. Clin Cancer Res. 2002;8:1038-44.

23. Gelderblom H, Verweij J, Nooter K, Sparreboom A. Cre-
mophor EL: the drawbacks and advantages of vehicle selec-
tion for drug formulation. Eur J Cancer. 2001;37:1590-8.

24. Darby RA, Callaghan R, McMahon RM. P-glycoprotein inhi-
bition: the past, the present and the future. Curr Drug Metab.
2011;12:722-31.

학회지(46-3)_in  14. 7. 10.  오후 5:54  페이지 242


