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breast cancer, prolongation of survival and
improvement of quality of life (QoL) are impor-
tant because treatment is not curative.? Therefore,
the toxicity and tolerability of any treatment must
be taken into consideration.? Paclitaxel is a pre-
ferred single agent for the treatment of patients
with stage IV or recurrent metastatic breast cancer
and triple-negative tumors and germline BRCA1/2
mutations in the National Comprehensive Cancer
Network (NCCN) Clinical Practice Guidelines.3
Paclitaxel can be administered weekly (80 mg/m?)
or every 3weeks (175 mg/m?) but weekly adminis-
tration has been shown to be more beneficial than
3-weekly administration in terms of overall sur-
vival (OS) in patients with locally advanced or
metastatic breast cancer.*

The standard intravenous (IV) formulation of
paclitaxel includes the non-ionic surfactant poly-
oxyl-35-castor oil (Cremophor EL or Kolliphor
EL, BASF, Ludwigshafen, Germany), which is
associated with hypersensitivity reactions and
toxicity,>® requires an infusion of 3hours or
longer, and premedication to help prevent hyper-
sensitivity reactions.®® In addition, Cremophor
EL forms micelles within plasma that entrap the
active drug, resulting in increased systemic expo-
sure, decreased elimination, and reduced antitu-
mor activity.® 1! To overcome these issues, other
formulations, such as a nanoparticle albumin-
bound IV formulation (nab-paclitaxel)!? and pol-
ymeric micelle paclitaxel,!®> have been developed.

Although Cremophor EL-free formulations have
improved the tolerability of IV paclitaxel, treat-
ment still involves frequent hospital visits. Oral
administration of paclitaxel would be an attrac-
tive alternative that could facilitate more patient-
friendly treatment.'* DHP107 (Liporaxel,
Daehwa Pharmaceutical Co. Ltd., Seoul, Korea)
is a novel oral formulation composed of lipid
ingredients and paclitaxel that is systemically
absorbed without the need for P-glycoprotein
inhibitors or Cremophor EL.1> Based on the
results of the phase III DREAM study, which
showed that DHP107 was non-inferior to
3-weekly paclitaxel in terms of progression-free
survival (PFS),1 DHP107 was approved in Korea
in 2016 for the treatment of advanced, metastatic,
or locally recurrent gastric cancer. The aim of the
current study was to investigate the antitumor
activity and tolerability of DHP107 in the first-
line treatment of recurrent or metastatic breast
cancer.

Patients and methods

Study design and treatment

This was a multicenter, open-label, single-arm,
phase II study using a Simon’s optimal two-stage
design to minimize any disadvantage to the
patients’ treatment due to potential ineffective-
ness of the study drug (ClinicalTrials.gov identi-
fier NCT03315364). In stage 1, if two or more of
nine patients had an objective response, the study
could move to stage 2. In stage 2, if nine or more
of 34 patients had an objective response, DHP107
was considered to be effective and able to proceed
to the confirmatory phase III study. DHP107
200mg/m? was administered orally twice daily
approximately 1 hour after breakfast and dinner
with no premedication for the prevention of
hypersensitivity on days 1, 8, and 15 of a 4-week
cycle. Administration of DHP107 was continued
until the occurrence of progressive disease. The
study was approved by the relevant Institutional
Review Boards: Institutional Review Board Asan
Medical Center (2017-1216); Korea University
Guro Hospital Institutional Review Board
(2017GR0021); Seoul National University
College of Medicine/Seoul National University
Hospital Institutional Review Board (H-1709-
121-889); Ajou University Hospital Institutional
Review Board (AJIRB-MED-T23-17-334);
Severance Hospital, Institutional Review Board
(4-2017-0921); Chungbuk National University
Hospital Institutional Review Board (CBNUH
2018-05-016); Korea University Anam Hospital
Institutional Review Board (2017AN0346); CHA
Bundang Medical Center Institutional Review
Board (CHAMC  2018-05-040); Yonsei
University, Wonju Severance Christian Hospital,
Institutional Review Board (CR118024); Inje
University Haeundae Paik Hospital Institutional
Review Board (HPIRB 2018-05-022); and
National Cancer Center Institutional Review
Board (NCC2017-0261). It was conducted in
accordance with the Declaration of Helsinki,
Good Clinical Practice, and local ethical and legal
regulations. All patients provided written
informed consent before enrollment.

Study end points and assessments

The primary end point was the investigator-
assessed objective response rate (ORR).
Secondary end points were the disease control
rate (DCR), PFS, OS, time to treatment failure
(TTF), QoL, and safety. Tumor response was
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evaluated using Response Evaluation Criteria in
Solid Tumors (RECIST; version 1.1)17 every
8weeks (*£1 week) by the investigator and by
independent central review (ICR) for the purpose
of sensitivity analysis. ORR was assessed in the
intention-to-treat (ITT) population of all rand-
omized participants. QoL was assessed using the
European Quality of Life (EuroQol) 5-Dimension
3-level (EQ-5D-3 L) instrument and the EQ vis-
ual analog scale (VAS).

Safety was assessed in all patients who received
=1 dose of allocated treatment. Safety was
assessed throughout the study by monitoring the
occurrence of treatment-emergent adverse events
(TEAEs), laboratory tests, electrocardiogram,
radiological examinations, left ventricular ejec-
tion fraction measurements, and Eastern
Cooperative Oncology Group (ECOG) perfor-
mance status. During treatment, patients under-
went weekly blood counts, and a toxicity
assessment was performed weekly for first the two
cycles. Serum chemistries and a physical exami-
nation, with assessment of ECOG performance
status and peripheral neuropathy, were performed
before each cycle. The severity of TEAEs was
determined according to the National Cancer
Institute Common Terminology Criteria for
Adverse Events (NCI CTCAE) version 4.03.

Patients

Male and female patients were eligible if they
were =19years of age and had histologically or
cytologically confirmed recurrent or metastatic
HER2-negative breast cancer irrespective of hor-
mone receptor (HR) status [estrogen receptor
(ER) and progesterone receptor (PR) positive or
negative]. Other inclusion criteria included meas-
urable lesions, identified by revised RECIST
(version 1.1),1¢ ECOG performance status 0 or 1,
and adequate hematologic [absolute neutrophil
count (ANC)=1500/mm3, platelet count
=100,000/mm>, hemoglobin=9.0g/dL], renal
[serum creatinine < 1.5 X upper limit of normal
(ULN), serum calcium level=<12mg/dL], and
liver function [total bilirubin < 1.5 X ULN, aspar-
tate aminotransferase (AST) and alanine ami-
notransferase (ALT)=<2.5 X ULN or<5XULN
if documented liver metastases].

Key exclusion criteria were prior treatment with a
taxane in the metastatic setting; prior chemother-
apy for recurrent or metastatic HER2-negative
breast cancer; the presence of cardiovascular

disease or uncontrolled hypertension; pregnant or
breast-feeding women. However, the following
patients could participate if the last administra-
tion of adjuvant or neoadjuvant chemotherapy for
breast cancer that was not recurrent or metastatic
was =1 year before randomization: ER+ or PR+
patients who had up to second-line endocrine
therapy with or without concomitant cyclin-
dependent kinase (CDK) 4/6 inhibitors.

Statistical analysis

Analyses were performed on the per-protocol set
(PPS) and the safety analysis set (SAS). The PPS
included patients without any major protocol vio-
lations who received at least one cycle of treat-
ment and had at least one tumor assessment
following the administration of DHP107. The
SAS included all patients who received at least
one dose of DHP107 and had at least one safety
assessment. The PPS was used for the analysis of
efficacy and the SAS for the analysis of demo-
graphics and safety.

Descriptive statistics are presented for continuous
variables, and frequencies and percentages are
presented for categorical variables. All end points
include two-sided 95% confidence intervals
(CIs). The number of patients was calculated by
the Simon’s optimal two-stage design with a one-
sided significance level of 0.05 and a test power of
80%. The ORR for paclitaxel as first-line treat-
ment is 15-62%!8 and its weighted average is
approximately 37%. Therefore, this study set the
poor ORR (ineffectiveness) of DHP107 as 15%
and the good ORR (effectiveness) was hypothe-
sized to be 35%, which is close to the weighted
average, to have a 20% difference between the
poor and good ORR.

Results

Patients

Forty-five patients were screened and 36 were
enrolled at eight sites in Korea between December
2017 and October 2018 (the trial was registered
on 11 September 2017; Figure 1). Baseline demo-
graphic and clinical characteristics are shown in
Table 1. The median age was 57 years (range = 34—
81years), and 11 patients (31%) had triple-nega-
tive disease. Common metastatic sites included
bone (69%), lymph node (53%), and lung (50%).
The majority of patients (67%) had received prior
hormone therapy, with letrozole the most
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Screened
(n =45)

Screening failure (n = 9)
Inclusion/exclusion criteria failure (n = 7)

Withdrawal by patient (n = 1)
Other (n=1)

Safety set
(n=36)

Excluded from per-protocol set (n = 5)

No tumor assessment (n = 3)
Prohibited medications taken (n = 2)

Per-protocol set
(n=31)

Figure 1. CONSORT diagram.

frequent prior adjuvant (42%) or neoadjuvant
chemotherapy (81%), with an anthracycline-con-
taining regimen the most frequent (72%).

All patients received treatment with oral DHP107,
and two patients remained on treatment at the
data cutoff (30 January 2020). Thirty-four
patients (94%) discontinued treatment: 23 (64%)
due to disease progression, six (17%) due to
adverse events (suicide attempt, n=1; clear-cell
carcinoma of right ovary, n=1; oral mucositis,
n=1; peripheral sensory neuropathy, n=3), two
(6%) withdrew consent, and three (8%) for other
reasons.

Efficacy

In the ITT population of all enrolled participants,
the objective response rate was 50% (18/36
patients, Table 2). In the PPS analysis, in which
five patients were excluded (three patients dropped
out in the beginning and two patients were
excluded due to prohibited medication), the ORR
was 55% (17 patients), all of which were partial
responses (PRs), according to both the investiga-
tor’s decision and ICR. The response rate was
44% (4/9 patients) in those with triple-negative
disease (Figure 2). Six patients (19%) had stable
disease (SD) by both the investigator’s decision
and ICR. The DCR (PR+ SD) was 74% (23
patients) according to both the investigator’s

decision and the ICR. Median PFS was 8.9 months
(95% CI: 5.2-12.3) (Figure 3) and median TTF
was 8.0months (95% CI: 4.2-10.0) (Table 2)
(Figure 4). OS was not reached for the survival
probability of 0.5 so median OS is not estimable
(NE) (95% CI: 18.1 months—-NE) (Figure 5).

QoL

Patients’ QoLL was maintained during the study.
The median EQ-5D-3L score was 0.87 (95% CI:
0.81-0.88; n=31) at baseline and at end of treat-
ment (95% CI: 0.77-0.87; n=28). Similarly, the
EQ-VAS score was 80.00 at baseline (95% CI:
71.75-82.64; n=31) and at end of treatment
(95% CI: 67.64-80.43; n=28).

Safety

All 36 patients experienced TEAEs (Table 3).
The most common TEAEs were decreased neu-
trophil count (81%), alopecia (61%), peripheral
sensory neuropathy (61%), nausea (56%), and
diarrhea (53%). The most common grade=3
TEAEs were decreased neutrophil count (78%),
anemia (17%), and peripheral sensory neuropa-
thy (8%). There were no cases of febrile neutro-
penia or sepsis. TEAEs resulted in the dose of
DHP107 being interrupted in 26 patients (72%),
reduced in 10 patients (28%), and permanently
discontinued in four patients (11%). The reasons
for permanent discontinuation were grade=3
peripheral sensory neuropathy in three patients
and ovarian clear-cell carcinoma in one patient.
Five patients experienced serious TEAESs; herpes
zoster infection, lung abscess (grade=3), rib
fracture, ovarian clear-cell carcinoma (grade = 3),
and suicide attempt (grade = 3) each occurred in
one patient (3%). Only the herpes zoster infec-
tion was considered to be a serious TEAE related
to oral DHP107. Serious TEAEsS resulted in hos-
pitalization in four patients (11%) and death in
one patient (3%), which was due to suicide and
deemed unrelated to the study drug.

DHP107 dose and administration

The median number of cycles administered was
seven (range = 1-28), with a median treatment
duration of 6.3months (range=0.5-25.4).
Nineteen patients (53%) had a cycle delay, which
was due to TEAEs in 18 patients (95%), a sched-
ule change in two patients (11%), and other rea-
sons in three patients (16%). The median total
dose of DHP107 administered was 10,600 mg

journals.sagepub.com/home/tam


https://journals.sagepub.com/home/tam

S-B Kim, JH Seo et al.

(range = 1,400-41,200), with a median relative
dose intensity of 78.5% (range=38.3-100%).
Twenty-five patients (70%) received the full
DHP107 dose of 200mg/m?2, and 11 patients had
a dose reduction due to TEAESs, seven patients
(19%) had a dose reduction to 150 mg/m?, and
four patients (11%) had a dose reduction to
112.5mg/m?. TEAEs leading to dose reduction
were grade = 3 neutrophil count decrease in seven
patients (19%), grade=3 rash in one patient
(3%), grade 2 peripheral edema, grade 2 fatigue,
and grade 2 peripheral sensory neuropathy each
in one patient (3%). Twenty-six patients (72%)
had a dose interruption due to TEAESs, the most
common of which was neutrophil count decrease
in 23 patients (64%), which was grade=3 in 22
patients (61%). Other reasons included nausea in
four patients (11%) and stomatitis in two patients
(6%).

Discussion

For HR-positive and HER2-negative breast can-
cer, CDK 4/6 inhibitors, such as abemaciclib,
palbociclib, and ribociclib, have changed the
treatment paradigm and become a mainstay of
therapy for first-line treatment in combination
with either an aromatase inhibitor or fulvestrant
and second-line treatment in combination with
fulvestrant.3-!° However, chemotherapy is still an
important option in the treatment armamentar-
ium for HER2-negative breast cancer. Following
the positive results for oral DHP107 demon-
strated in the phase III DREAM study in gastric
cancer,!% the efficacy and safety of DHP107 were
investigated in this phase II study for the first-
line treatment of patients with recurrent or meta-
static HER2-negative breast cancer. The study
met the primary end point, with an investigator-
assessed ORR of 55% in the PPS and 44% in
patients with triple-negative disease. Efficacy was
also demonstrated by the secondary end points,
with an investigator-assessed DCR of 74%,
median PFS of 8.9 months, and median TTF of
8.0months. Median OS was not estimable.
There was good agreement between the investi-
gator-assessed and ICR efficacy results: the ORR
was 55% by both investigator’s decision and
ICR, and the DCR was 74% by both investiga-
tor’s decision and ICR.

Although the interpretation of the results of cross-
study comparison needs to be made with caution,
the ORR for oral DHP107 in this study compares

Table 1. Baseline patient demographic and clinical characteristics (N=36).

Characteristic

No. of patients (%)

Median age, years (range)
Sex
Female
Duration of disease, years (range)
Hormone receptor status
ER+ /PR+
ER+ /PR-
ER-/PR-
Metastases
Sites of metastases
Bone
Lung
Lymph node
Liver
Other
Prior treatment
Hormone therapy

Aromatase inhibitor (letrozole, anastrozole,
exemestane)

Sequential (tamoxifen then letrozole)
Chemotherapy (neoadjuvant]

Anthracycline based

Taxane based

Anthracycline and taxane based
Chemotherapy (adjuvant]

Anthracycline based

Taxane based

Anthracycline and taxane based

Cyclophosphamide, methotrexate, fluorouracil

Surgery
Radiotherapy

57 (34-81)

35(92)
5.5(0.1-17.5)

15 (42)
10 (28)
11(30)
36 (100)

25 (69)
18 (50
19 (53)
13 (36)
13 (36)

22 (61)
21 (58]

1(3)
11(31)
5(14)
3(8)
3(8)
22 (61)
11(31)
5(14)
4(11)
2 (6)

30 (83)
27 (75)

ER, estrogen receptor; PR, progesterone receptor.
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Table 2. Response rate and survival in PP set and ITT set.

Outcome

PP set (N=31)

ITT set (N=36)

Investigator’s

Independent

Investigator’s

Independent

decision central review decision central review
Best overall response, n (%)

Complete response 0 0 0 0

Partial response 17 (55) 17 (55) 18 (50) 18 (50)

Stable disease 6(19) 6(19) 7(19) 6(17)

Progressive disease 7 (23) 619 7(19] 7(19)

Not evaluable 1(3) 2 (6) 4(11) 5 (14)
Objective response rate, % (95% Cl) 55 (36.0-72.7) 55 (36.0-72.7) 50 (35.3-64.7) 50 (35.3-67.7)
Disease control rate, % (95% Cl) 74 (55.4-88.1) 74 (55.4-88.1) 69 (51.9-83.7) 67 (49.0-81.4)
Clinical benefit rate,2 % (95% Cl) 68 (48.6-83.3) 611(42.2-78.2) 61(43.5-76.9) 56 (38.1-72.1)
Progression-free survival, n (%)

Progressed 25(81) 23 (74) 26 (78) 25 (69)

Died 1(3) 1(3) 2 (6) 2 (6)

Censored 5(16) 7 (23) 8 (22) 9 (25)
Kaplan-Meier estimate of median time to 8.9 (5.2-12.3) 7.5(3.7-11.0) 8.9 (3.7-11.3) 7.2 (3.6-11.0)
progression, months (95% Cl)

Time to treatment failure, n (%)

Discontinued 30 (97 NA 34 (94) NA

Censored 1(3) NA 2 (6) NA
Kaplan-Meier estimate of median time to 8.0 (4.2-10.0) NA 6.9 (3.8-9.7) NA

treatment discontinuation, months (95% Cl)

Cl, confidence interval; ITT, intent to treat; NA, not applicable; PP, per-protocol.
2Defined as a partial response or stable disease lasting more than 6 months.

favorably with that reported by studies of first-line
IV paclitaxel!® and IV nab-paclitaxel?%-2! mono-
therapy in the treatment of metastatic breast can-
cer. In a review of studies conducted in the 1990s,
Vogel and Nabholtz!8 reported ORRs of 15-62%
with IV paclitaxel. Jackisch ez al.?! reported ORRs
of 38-49% for studies of weekly IV nab-pacli-
taxel. A study of IV nab-paclitaxel in routine clin-
ical practice reported an ORR of 9% (one of 11
patients).20

The efficacy results for oral DHP107 also com-
pare favorably with the results reported for a
novel oral formulation of paclitaxel that uses
encequidar, a P-glycoprotein pump inhibitor, to

enable absorption of oral paclitaxel,?2:23 and the
oral taxane tesetaxel.?2> In a phase III study
(KX-ORAX-001) comparing oral paclitaxel plus
encequidar for 3 days per week versus 3-weekly IV
paclitaxel in patients with metastatic breast can-
cer, the ORR was 40.4% wversus 25.6% in the
modified ITT population?? and PFS was 8.4 ver-
sus 7.4months.?3 A phase II study of tesetaxel in
patients with HR+/HER2- locally advanced or
metastatic breast cancer reported an ORR of 45%
and a median PFS of 5.7 months.?> In the phase
III CONTESSA study, in which tesetaxel plus a
reduced dose of capecitabine was compared with
capecitabine alone in patients with HR+/HER2—
metastatic breast cancer who had previously
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received a taxane, median PFS was 9.8 months
for tesetaxel plus capecitabine versus 6.9 months
for capecitabine alone.?> Despite the positive
results from these two studies, the development
of tesetaxel was discontinued in March 2021 fol-
lowing the decision that the clinical data package

was unlikely to receive US Food and Drug
Administration approval.

DHP107 had an acceptable tolerability profile. It
should be noted that because DHP107 is an oral
agent, differences in absorption between individuals
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can lead to differences in toxicities. The most com-
mon TEAEs were decreased neutrophil count
(81%), alopecia (61%), and peripheral sensory neu-
ropathy (61%), and the most common grade=3

28

25 21 16 14 9 5 3 0

TEAEs were decreased neutrophil count (78%),
anemia (17%), and peripheral sensory neuropathy
(8%). Peripheral sensory neuropathy occurred in 15
patients up to and including cycle 6 and seven
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patients after cycle 6. TEAE:s led to permanent treat-
ment discontinuation in four patients (11%). There
was one death during the study, but this was unre-
lated to DHP107 treatment.

As response rates in heterogeneous patient popula-
tions including Triple-negative breast cancer and
HR+ subtypes can vary, we acknowledge that
investigator-assessed ORR might not be the most
appropriate primary end point in this study. Direct
comparison of response rates from one trial to
another is inherently difficult, given that studies
often differ with respect to entry criteria and popu-
lation characteristics. In addition, the rate of non-
assessable cases [13.9% (5/36)] was relatively high
because three patients withdrew in the beginning
and two patients were not evaluable due to use of
prohibited medication. However, these dropouts
mostly occurred at the beginning of the study. It is
also important to consider that, while oral treat-
ment with taxanes can be more convenient for
patients and improve cost-effectiveness, the use of
oral chemotherapy is challenging because of phar-
maceutical and pharmacological factors that can
lead to low oral bioavailability. Currently, data on
the bioavailability of DHP107 in patients from
Western countries are lacking, although we hope
that an ongoing study on the bioavailability of
DHP107 in Caucasian patients (INCT03326102)
will help to address this issue.

In conclusion, DHP107 showed promising effi-
cacy with an acceptable tolerability profile in this
phase II study and is currently being investigated
in the OPTIMAL phase III study with a non-infe-
riority design  (ClinicalTrials.gov  Identifier
NCTO03315364), which includes 476 patients
and is being conducted in Korea, China, and
Europe (Hungary, Bulgaria, and Serbia). In
addition, a phase II clinical trial of DHP107
(OPERA study, ClinicalTrials.gov Identifier
NCT03326102) being conducted in the United
States and the Czech Republic is evaluating phar-
macokinetics, efficacy, and safety.
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