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* |deally, patients should have access to an oral formulation of paclitaxel, as well as an intravenous formulation, to allow develop-
ment of regimens exploring alternate schedules and to avoid reactions to Cremophor EL (BASF Corp., Ludwigshafen, Germany,

https://www.basf.com).

* DHP107 is a novel oral paclitaxel formulation that is a tolerable and feasible regimen for patients with gastric cancer, with data

suggesting efficacy similar to that of intravenous paclitaxel.

ABSTRACT

Background. We evaluated the maximum tolerated dose
(MTD) of DHP107, a novel oral paclitaxel formulation, and the
efficacy and safety of the agent in patients with advanced solid
tumors.

Patients and Methods. Phase | study: cohorts of 3—6 patients
with advanced solid tumors received escalating DHP107 doses.
Phase lla study: patients with measurable advanced gastric can-
cer received DHP107, 200 mg/m? b.i.d., on days 1, 8, and 15
every 4 weeks. Pharmacokinetics, safety, and efficacy were
analyzed.

Results. Phase I: 17 patients received a dose-escalating regimen
of DHP107, 150250 mg/m? b.i.d. Dose-limiting toxicities were
neutropenia and febrile neutropenia. The MTD (recommended
dose) for phase lla was 200 mg/m? b.i.d. Phase lla: 11 patients
with measurable advanced gastric cancer in whom first-line
therapy failed received DHP107 (MTD). Three confirmed partial
responses were observed. Median progression-free survival of
gastric cancer patients (n = 16) treated at the MTD was 2.97
(95% confidence interval, 1.67-5.40) months (Fig. 1). The most
frequent grade 3/4 adverse events were neutropenia (35.3%)
and leukopenia (17.6%) at the MTD (phase | and Ila combined;
n=17).

Conclusion. DHP107 showed good antitumor efficacy and was
tolerable. The MTD (200 mg/m? b.i.d.) is recommended for use
in further studies comparing DHP107 with standard intravenous
paclitaxel therapy. The Oncologist 2017;22:129—-e8

DISCUSSION

DHP107, developed by Daehwa Pharmaceutical Co. Ltd., is a
lipid-based single-agent oral paclitaxel formulation that is sys-
temically absorbed without the need for P-glycoprotein inhibi-
tors or Cremophor EL (BASF Corp., Ludwigshafen, Germany,
https://www.basf.com). We carried out a phase I/lla study
using a weekly regimen (days 1, 8, and 15) in which DHP107
was given b.i.d. to increase patients’ exposure to the drug to
determine toxicities and the maximum tolerated dose. By
using a b.i.d. regimen in this study, exposure at or above the
therapeutic threshold (8.5 ng/mL) was maintained for approxi-
mately 24 hours.

In the phase | (dose-escalation) portion, 2 of 4 patients
experienced dose-limiting toxicities (DLTs; febrile neutropenia)
with DHP107, 225 mg/m2 b.i.d.; 2 of 4 patients had DLTs (neu-
tropenia and febrile neutropenia) with DHP107, 250 mg/m?
b.i.d. No DLTs occurred among the 6 patients who received
DHP107 200 mg/m2 b.i.d.; hence, this was considered the
MTD. Overall, 200 mg/m? was tolerable in the day 1, 8, and 15
schedule, with neutropenia as the main side effect; only 77% of
patients had grade 1 or 2 diarrhea and 35% had grade 1 or 2
nausea. In the phase lla study, 11 patients with measurable
advanced gastric cancer were enrolled at the MTD for a total of
17 patients who received DHP107, 200 mg/m2 b.i.d., to allow
preliminary evaluation of efficacy. On the basis of the optimal
two-stage design, depending on patients’ responses, we
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Product-limit survival estimate

Survival probability

planned to enroll up to 17 gastric cancer patients in the phase
lla study. When 11 patients had been recruited, 3 showed con-
firmed PRs, providing an overall response rate of 27.3% (95%
confidence interval [Cl], 0.0%-54.9%). As a result, additional
enrollment was discontinued, and the efficacy was considered
adequate to support further phase Ill study.

The development of an oral formulation of paclitaxel is
an important goal for patient convenience and lessening
side effects; it could allow the development of novel regi-
mens, for low-dose, long exposure to paclitaxel. If oral pacli-
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also replace intravenous paclitaxel in some regimens,
thereby preventing infusion reactions due to Cremophor EL
diluent. The current study indicates that DHP107 is active
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Figure 1. Kaplan-Meier curve for progression-free survival in
patients with gastric cancer in the efficacy-evaluable population

(n = 16). These were patients with gastric cancer.

TRIAL INFORMATION
Disease

Stage of disease/treatment
Prior Therapy

Type of study

Primary Endpoint

Secondary Endpoint

Secondary Endpoint
Additional Details of Endpoints or Study Design

Investigator’s Analysis

Advanced cancer/solid tumor
Metastatic/advanced

No designated number of regimens
Phase I/lla

Phase I: Maximum tolerated dose (MTD)
Phase lla: Response rate (RR)

Safety

Efficacy

The aims of the current phase I/lla study were to determine the MTD
for repeated administration of DHP107 by weekly schedule in patients
with metastatic solid tumors and to evaluate DHP107 efficacy in
patients with advanced gastric cancer

Active and should be pursued further

DRUG INFORMATION

Generic/Working name
Company name

Drug class

Dose

Route

Schedule of Administration
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DHP107 (Oral paclitaxel)

Daehwa Pharmaceutical Co. Ltd.
Tubulin/microtubules targeting agent
200 mg/m?

p.o.

DHP107 was administered b.i.d. on days 1, 8, and 15 of a 28-day cycle.
The dose identified as the MTD was selected for the phase lla portion
of the study
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PATIENT CHARACTERISTICS (PHASE I)

Number of patients, male 10
Number of patients, female 7
Stage \Y,
Age Median (range): 55 (30 — 67)
Number of prior systemic therapies Median (range): not collected
Performance Status: ECOG 0—2
1—15
2—0
3—0
unknown — 0
Cancer Types or Histologic Subtypes Gastric 13
Colorectal 2

Parotid gland 1
Salivary gland 1

PATIENT CHARACTERISTICS (PHASE 11A)

Number of patients, male 5

Number of patients, female 6

Age 52 (33 -70)

Performance Status: ECOG 0—1
1—10
2—0
3—0

unknown — 0
Cancer Types or Histologic Subtypes Gastric 11

PRIMARY ASSESSMENT METHOD

Number of patients enrolled 17
Number of patients evaluable for toxicity 17
Number of patients evaluated for efficacy 17

| TestAmm: Totol Patient Population (Phase a)
Number of patients enrolled 11
Number of patients evaluable for toxicity 11
Number of patients evaluated for efficacy 11
Response assessment CR n=0 (0%)
Response assessment PR n=3(27.3%)
Response assessment SD n=3(27.3%)
Response assessment PD n =75 (45.5%)
(Median) duration assessments PFS 2.97 months
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Kaplan-Meier Time units: months
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Kaplan-Meier curve shown in Figure 1.
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Neutrophil count decreased
White blood cell decreased
Anemia

Febrile neutropenia
Abdominal pain

Alopecia

Anorexia

Diarrhea

Dyspepsia

Fatigue

Fever

Flu-like symptoms

Myalgia

Nausea

Peripheral sensory neuropathy
Pruritus

Mucositis oral

Vomiting

*No change from baseline/no adverse event
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94%
41%
6%
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23%
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71%
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47%
77%
30%
30%
30%
12%
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18%
18%
18%
41%

Hematologic adverse events occurring in >5% of patients in all cycles and nonhematologic adverse events occurring in >10% of patients in all

cycles at the 200 mg/m? dose level (n = 17).
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DoSE-LIMITING TOXICITIES

150 mg/m?

200 mg/m?

250 mg/m? 4 4
3A 225 mg/m? 4 4
2 200 mg/m? 3 3

0

0
Grade 4 neutropenia over
5 days, Grade 3 febrile
neutropenia

2 Grade 3 febrile neutropenia

0

ASSESSMENT, ANALYSIS, AND DISCUSSION

Completion
Investigator’s Assessment

Paclitaxel has proven efficacy in treating a variety of cancers
and is widely used to treat ovarian, gastric, breast, and non-
small cell lung cancers [1-4]. Because paclitaxel has poor solubil-
ity in water, pharmaceutical agents, such as Cremophor EL (BASF
Corp., Ludwigshafen, Germany), are used as a vehicle to aid
intravenous administration [5-8]. However, Cremophor EL can
have biological implications, including hypersensitivity reactions
[9]. Furthermore, it alters the pharmacokinetics of paclitaxel,
causing it to have a nonlinear profile [10, 11].

A number of attempts have been made to reformulate
paclitaxel to make it a more convenient and safer medication.
Oral administration of paclitaxel is problematic because of low
bioavailability related to P-glycoprotein (P-gp) and other mem-
brane proteins in the gastrointestinal mucosa, which inhibit
absorption. Moreover, cytochrome P450 isoenzymes in gas-
trointestinal tract and liver rapidly metabolize the drug [12,
13]. Development of an oral formulation has focused on
improving the solubility and oral bioavailability of paclitaxel.
To increase systemic exposure of oral paclitaxel, it has been
coadministered with an orally applicable P-gp blocker, such as
cyclosporine A [12, 13]. However, the oral formulation of a
cytotoxic agent combined with a P-gp blocker has disadvan-
tages because of potential interactions with concomitant
medications, including substrates for P-gp and/or with cyto-
chrome P450 3A [14].

DHP107, developed by Daehwa Pharmaceutical Co. Ltd., is a
lipid-based single-agent oral paclitaxel formulation that is sys-
temically absorbed without the need for P-gp inhibitors or Cre-
mophor EL [15]. An animal study of DHP107 showed it has a
similar antitumor effect compared with intravenous paclitaxel in
human gastric cancer xenografts [16]. A previous phase | study
in patients with advanced solid tumors refractory to all standard
treatments showed no dose-limiting toxicities (DLTs) with a sin-
gle dose of DHP107 ranging from 60 to 600 mg/m?>. DHP107
pharmacokinetics did not increase proportionally, and pharma-
cokinetic profiles, including area under the plasma concentra-
tion—time curve (AUC) and maximum plasma concentration
(Crma), plateaued at doses above 250 mg/m? [17].

Intravenous paclitaxel has been one of the most commonly
used salvage chemotherapies in gastric cancer. Although there
has been no phase Ill comparative study of weekly paclitaxel

www.TheOncologist.com

Study completed
Active and should be pursued further

versus every-3-weeks paclitaxel in gastric cancer, a phase Il study
of weekly paclitaxel showed antitumor effects similar to historical
data for a every-3-weeks regimen as salvage chemotherapy [18].
With frequent use of weekly intravenous paclitaxel in gastric can-
cer and with the lower AUC and C,, of a single dose of DHP107
compared with every-3-weeks intravenous paclitaxel [17], a
weekly schedule of DHP107 was adopted in the current studly.

The aims of the current phase I/Ila study were to determine
the maximum tolerated dose (MTD) for repeated administra-
tion of DHP107 by weekly schedule in patients with metastatic
solid tumors and to evaluate DHP107 efficacy in patients with
advanced gastric cancer. The results of this study will guide
phase Il studies to compare the safety and efficacy of DHP107
versus intravenous paclitaxel.

Therefore, we carried out this phase I/lla study using a weekly
regimen (days 1, 8, and 15) in which DHP107 was given as a
divided dose on the treatment day to increase patients’ exposure
to the drug to allow determination of DLTs and the MTD.

In the phase | (dose-escalation) portion of our study, 2 of 4
patients experienced DLTs (febrile neutropenia) with DHP107,
225 mg/m? b.i.d., and 2 of 4 patients had DLTs (neutropenia
and febrile neutropenia) with DHP107, 250 mg/m2 b.i.d. No
DLTs occurred among the 6 patients who received DHP107,
200 mg/m? b.i.d.; hence, this was determined as the MTD. After
enrollment of additional patients, a total of 17 patients received
DHP107, 200 mg/m2 b.i.d. At this dose level, 1 patient experi-
enced febrile neutropenia and only 3 experienced grade 3/4
neutropenia in whole cycles. As a result, the dose was deemed
tolerable. The most frequent non-hematologic toxicities at the
MTD were alopecia, diarrhea, and anorexia, which were gener-
ally of mild severity (grade 1/2). In the previously reported
phase | study, 4 of 21 patients (19.0%) receiving a single admin-
istration of DHP107 at doses above 300 mg/m? experienced
grade 3 diarrhea; the grade of diarrhea seemed to increase with
dose [17]. It is likely that the lipid-based formulation of DHP107
leads to the increased incidence of diarrhea.

The pharmacokinetic parameters of DHP107, such as Cp,ax
and AUC;;, were not linear in the dose range of 150-250 mg/
m? b.i.d. However, when the values of AUC;.¢ in the phase Ila
study were standardized with administered dose and

© AlphaMed Press 2017
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compared with the data from the previous phase | study [17],
there was no significant difference between dose-normalized
AUC;¢ values (Student’s t test, p = 0.954). Mean T, Was 2.7
hours; hence, the first dose will not interfere with the pharma-
cokinetics—in particular C,,,x—of a second dose given after a
10-hour interval. These pharmacokinetic characteristics are
thought to be related to the specific absorption mechanism of
DHP107 based on the lipid drug-delivery system. The muco-
adhesiveness of the formulation in the gastrointestinal tract—
especially in the stomach and upper intestine—inhibits absorp-
tion of the second dose of paclitaxel [20]. However, by using a
b.i.d. regimen in this study, exposure at or above the therapeu-
tic threshold (8.5 ng/mL) was maintained for approximately 24
hours [20]. In addition, no patients in the current study experi-
enced severe diarrhea (grade 3/4) with DHP107, 200 mg/m?, a
dose which is far below the dose that induced severe diarrhea
in the previous phase | study. Therefore, this divided regimen
of DHP107 is recommended in terms of efficacy and safety.

Gastrectomy is widely used as a standard therapy for
patients with gastric cancer, and many patients with advanced
gastric cancer will have undergone partial or total gastrectomy.
The pharmacokinetic parameters of DHP107 were compared
between gastrectomy and nongastrectomy patients with gas-
tric cancer who received the 200 mg/m? b.i.d. dose. Ty val-
ues in the gastrectomy group were significantly lower (i.e., the
drug was absorbed more rapidly) than in the nongastrectomy
group; however, AUC;s and C,,,x showed no significant differ-
ence by gastrectomy status. Therefore, the bioavailability of
DHP107 is considered not to be affected by gastrectomy.

The efficacy results suggested that DHP107 is comparable
to intravenous paclitaxel as a second-line treatment in patients
with advanced gastric cancer. Generally, the objective of a
phase lla study is to establish whether an intervention has suffi-
cient efficacy against the disease to ensure further research
[21]. Although the population of this study was small, based on
an optimal two-stage design, this regimen showed encouraging
efficacy in poor-prognosis patients. The overall response rate
was 27.3% in the 11 patients with measurable disease; median
progression-free survival (PFS) was 2.97 months in the 16
patients with gastric cancer who received DHP107, 200 mg/m?
b.i.d. These results are in line with previous studies of intrave-
nous weekly paclitaxel, in which response rates of 16%—24%
and median PFS of 2.1-2.6 months were reported [18, 22].
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Figure 1. Kaplan-Meier curve for progression-free survival in

patients with gastric cancer in the efficacy-evaluable population
(n = 16). These were patients with gastric cancer.
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Table 1. Baseline patient characteristics

Characteristic

Phase | (n =17) Phase lla (n =11)

Median age (range), yr 55 (30-67) 52 (33-70)
Sex
Male 10 (58.8) 5 (45.5)
Female 7 (41.2) 6 (54.5)
ECOG performance status
0 2 (11.8) 1(9.1)
1 15 (88.2) 10 (90.9)
2 0 (0) 0 (0)
Site of primary tumor
Stomach 13 (76.5) 11 (100)
Colon or rectum 2 (11.8) 0 (0)
Parotid gland 1(5.9) 0 (0)
Salivary gland 1(5.9) 0 (0)
Disease location®
Cardia 1(7.7) 1(9.1)
Body 3(23.1) 4 (36.4)
Antrum 8 (61.5) 5 (45.5)
Diffuse 1(7.7) 1(9.1)
Extent of disease®
Metastatic 13 (100) 7 (63.6)
Recurrent 0 (0) 4 (36.4)
Locally advanced 0 (0) 0 (0)
Metastatic sites
Lung 3 (17.6) 0(0)
Lymph node 14 (82.4) 5 (45.5)
Liver 9 (52.9) 3 (27.3)
Bone 2 (11.8) 0 (0)
Others 4 (23.5) 7 (63.6)
Previous surgery 5(29.4) 7 (63.6)

Unless otherwise noted, values are number (percentage) of patients.

?In total, 24 patients had gastric cancer (phase |, n = 13; phase lla, n = 11),
which was classified by disease location and extent.

Abbreviation: ECOG, Eastern Cooperative Oncology Group.

Table 2. Grade 3/4 adverse events in the first cycle of the phase | portion (n = 17)

DHP107 dose level

150 mg/m? b.i.d.

200 mg/m? b.i.d. 225 mg/m? b.i.d. 250 mg/m? b.i.d.

(n=3) (n=6) (n=4) (n=4)

Adverse events Grade 3 Grade4 Grade3 Graded4 Grade3 Graded4 Grade3 Graded4 Total
Anemia 2 0 0 0 0 0 1 1 4
Neutropenia 2 0 2 1 0 0 3 1° 10
Febrile neutropenia 0 0 0 0 2¢ 0 1° 0 3
Hypoalbuminemia 0 0 0 0 0 0 1 0 1
Hypocalcemia 0 0 0 0 0 0 1 0 1
Hypokalemia 0 0 0 0 0 0 1 0 1
Hypophosphatemia 0 0 0 0 0 0 1 0 1
Hypotension 0 0 0 0 0 0 1 0 1
Leukopenia 1 0 2 0 0 0 3 1 7
Worsening anemia 0 0 0 0 0 0 1 0 1

“Dose-limiting toxicity.
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Table 4. Adverse events across all cycles in dose level 2 (200 mg/m?) group (n = 17)

Table 3. Antitumor efficacy in patients with measurable lesions
in the phase lla study (n = 11)

Outcome Patients, n (%) 95% CI
Overall response rate 3 (27.3) 0.0-54.9
Complete response 0 (0) 0.0-0.0

Partial response 3 (27.3) 0.0-54.9
Stable disease 3(27.3) 0.0-54.9
Progressive disease 5 (45.5) 14.6-76.3

Abbreviation: Cl, confidence interval.

Adverse event Grade 1 Grade 2 Grade 3 Grade 4

Hematologic toxicity
Anemia 0 (0.0) 0 (0) 1(5.9) 0 (0)
Febrile neutropenia 0 (0.0) 0 (0) 0 (0) 1(5.9)
Leukopenia 0 (0.0) 8 (47.1) 3(17.6) 1(5.9)
Neutropenia 0 (0.0) 6 (35.3) 5(29.4) 4 (23.5)

Nonhematologic toxicity
Abdominal distension 0 (0.0) 1(5.9) 0 (0.0) 0 (0.0)
Abdominal pain 5(29.4) 1(5.9) 0 (0.0) 0 (0.0)
Abdominal pain, upper 4 (23.5) 0 (0.0) 0 (0.0) 0 (0.0)
Alopecia 11 (64.7) 5 (29.4) 0 (0.0) 0 (0.0)
Anorexia 7 (41.2) 1(5.9) 0 (0.0) 0 (0.0)
Burn 0 (0.0) 1(5.9) 0(0.0) 0 (0.0)
Chill 1(5.9) 0 (0.0) 0(0.0) 0 (0.0)
Cough 1(5.9) 0 (0.0) 0 (0.0) 0 (0.0)
Diarrhea 10 (58.8) 3(17.6) 0(0.0) 0 (0.0)
Dyspepsia 2(11.8) 3(17.6) 0(0.0) 0 (0.0)
Edema limbs 1(5.9) 0 (0.0) 0(0.0) 0 (0.0)
Fatigue 4 (23.5) 1(5.9) 0 (0.0) 0 (0.0)
Fever 4 (23.5) 1(5.9) 0 (0.0) 0 (0.0)
Flu-like symptoms 1(5.9) 1(5.9) 0 (0.0) 0 (0.0)
Hypertension 0 (0.0) 1(5.9) 0 (0.0) 0 (0.0)
Hyponatremia 0 (0.0) 0 (0.0) 1(5.9) 0 (0.0)
Insomnia 0 (0.0) 1(5.9) 0 (0.0) 0(0.0)
Myalgia 7 (41.2) 1(5.9) 0 (0.0) 0 (0.0)
Nausea 5(29.4) 1(5.9) 0 (0.0) 0 (0.0)
Neurodermatitis 0 (0.0) 1(5.9) 0 (0.0) 0 (0.0)
Obstruction gastric 0 (0.0) 0 (0.0) 1(5.9) 0 (0.0)
Peripheral sensory neuropathy 2 (11.8) 1(5.9) 0 (0.0) 0 (0.0)
Pruritus 3 (17.6) 0 (0.0) 0(0.0) 0 (0.0)
Stomatitis 1(5.9) 0 (0.0) 2 (11.8) 0 (0.0)
Vomiting 7 (41.2) 0 (0.0) 0(0.0) 0 (0.0)

Values are expressed as number (percentage) of patients.
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Table 5. Plasma pharmacokinetics of paclitaxel after oral administration of DHP107 \
DHP107 dose AUG; ¢ Crnax. 0-10h CL/F V,/F

(mg/m? b.i.d.) Patients (n) (ng-h/mL) (ng/mL) (L/h/m?) (L/m?)

150 3 2,064.11 (541.85) 200.33 (52.52) 152.61 (42.01) 2,778.37 (1,290.61)
200 17 2,180.44 (1,708.05) 213.42 (108.49) 265.20 (135.40) 5,112.16 (2,975.55)
225 3 5,088.09 (4,546.75) 381.87 (300.32) 136.32 (80.39) 2,318.43 (1,660.95)
250 4 4,830.53 (1,853.75) 574.97 (468.68) 114.69 (40.59) 2,249.34 (1,826.00)

Unless otherwise noted, data are mean (standard deviation).
Abbreviations: AUC, area under the plasma concentration-time curve; CL/F, apparent total clearance of the drug from plasma after oral administra-
tion; Crax Maximum plasma concentration; V,/F, apparent volume of distribution during terminal phase after non-intravenous administration.
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