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Summary
BackgroundAndrogens were shown to play a key role in the growth and progression of pancreatic cancer. We evaluated the safety
and tolerability of the combination of enzalutamide, a novel androgen receptor (AR) antagonist with gemcitabine and nab-paclitaxel
as a first-line treatment in advanced pancreatic cancer. Methods We used the standard 3 + 3 dose escalation design with cohort
expansion to evaluate 2 dose levels of enzalutamide: 80 mg and 160mg/day orally (phase 1a) in combination with gemcitabine and
nab-paclitaxel in metastatic pancreatic cancer patients. In the expansion phase (phase 1b), AR+ was a pre-requisite criterion. We
also evaluated the full pharmacokinetic (PK) profile for nab-paclitaxel and enzalutamide. Results We enrolled 24 patients, 12
patients in phase 1a and 12 patients in phase 1b. The median age was 68 (range, 32–84) years. No DLTs were observed. Grade 3/4
treatment related adverse events included neutropenia (44%), anemia (40%), leukopenia (24%), nausea and vomiting (20%),
diarrhea (16%), infections (12%), thrombocytopenia (8%), thromboembolic event (8%), hypertension (8%), hypokalemia (8%),
hyponatremia (8%), and ALT elevation (8%). Median overall survival and progression-free survival was 9.73 [95%CI:9.73–13.5]
and 7.53 (95%CI:6.05–12.8) months, respectively. PK analysis suggests that the combination therapy does not impact the kinetics
of either drug evaluated. Enzalutamide reached steady-state levels between day 22 and 29 and the mean half-life of nab-paclitaxel
was 19.6 ± 4.7 h. Conclusions Enzalutamide 160 mg daily in combination with gemcitabine and nab-paclitaxel can be safely
administered with no unexpected toxicities. We also noticed preliminary signals of efficacy with this combination.
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Introduction

Pancreatic adenocarcinoma is the third most common cause of
cancer death in the United States with 55, 540 incident cases
and 44, 330 deaths estimated in 2018 [1]. Despite the recent
advances in therapeutic interventions, the 5-year relative sur-
vival rate remains approximately 6%. The current manage-
ment of patients with metastatic pancreatic adenocarcinoma
includes FOLFIRINOX (combination regimen of 5-
Flourouracil, oxaliplatin and irinotecan), gemcitabine-nab-
paclitaxel or single-agent gemcitabine alone (in patients with
Eastern Cooperative Oncology Group performance status 2).
Gemcitabine remained the mainstay of the treatment for met-
astatic pancreatic cancer for over a decade until the combina-
tion of nab-paclitaxel and gemcitabine as well as
FOLFIRINOX regimen showed promising results in improve-
ment in overall survival (OS) as compared to GEM alone [2].
A randomized phase III trial that evaluated the FOLFIRINOX
demonstrated improved OS in advanced pancreatic cancer
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patients compared to single agent gemcitabine [3]. However,
secondary to high rate of grade 3 or 4 toxicities associated
with this regimen only highly selective patient population
are suitable candidate for FOLFIRINOX regimen. Another
combination therapy with gemcitabine and nab-paclitaxel
was FDA approved for patients with metastatic pancreatic
cancer in 2013, based on the encouraging results in the phase
III MPACT trial [4]. The regimen was well tolerated with a
better overall response rate (22 vs 7%) and OS (8.7 vs
6.6 months, p < 0.001) compared to gemcitabine alone thera-
py. Despite the availability of these systemic chemotherapy
agents, there has been a limited progress in the OS benefit of
metastatic pancreatic cancer. This represents an unmet clinical
need for newer therapies that can improve responses in this
patient population. We hypothesized that co-targeting the an-
drogen receptors (AR) along with currently available systemic
chemotherapy may be a more effective strategy to improve
responses in metastatic pancreatic cancer.

The discovery of AR on pancreatic cancer cells suggested
that sex steroids (testosterone and dihydrotestosterone) may
influence the growth and progression of pancreatic adenocar-
cinoma [5, 6]. One study demonstrated AR protein overex-
pression in seven out of eight human pancreatic cancer cell
lines tested, and the level predominantly fell into an interme-
diate range [7]. These findings were seen in other pancreatic
tissue and cell line studies as well [5]. Moreover, aromatase
and 5-alpha-reductase, which use testosterone as a substrate,
are present in pancreatic malignant tissues at higher level than
in normal pancreatic tissue [5, 6]. The role of sex steroid
hormones in the growth of pancreatic cancer was further elu-
cidated by the dose dependent growth stimulation of AR+
pancreatic cell lines and pancreatic xenograft tumor by testos-
terone and dihydrotestosterone [7, 8]. Flutamide, a non-
steroidal androgen blocking agent, was demonstrated to have
dose dependent growth inhibition on pancreatic cell lines. The
growth of pancreatic xenograft tumor was also shown to be
inhibited by flutamide [7]. In a phase 2 trial involving 49
pancreatic cancer patients, Greenway et al. reported a signifi-
cant median survival benefit in the flutamide group as com-
pared to that of placebo (7.5 vs 4 months, p = 0.01) [8]. In
addition, for the 20 patients in the flutamide group who re-
ceived at least 6 weeks of therapy, the median survival was
11.7 months. After adjusting for confounding variables, sim-
ilar encouraging results were seen with flutamide in another
phase 2 trial [9]. In-vivo studies with analogues of luteinizing
hormone releasing hormone, which reduce serum testosterone
concentrations, have shown promising effects in inhibiting
pancreatic tumor growth as well [10]. These trials suggest that
androgen blocking agents have activity in the treatment of
pancreatic cancer.

Enzalutamide (also known as MDV3100) is a novel AR
antagonist that acts by inhibiting the nuclear translocation of
the AR, DNA binding, and coactivator recruitment. As

compared to other androgen blocking agents, enzalutamide
has a higher affinity for AR and has pure antagonist activity
with no detectable agonist effects [11]. With no partial agonist
activity, enzalutamide is a more potent agent in blocking an-
drogen receptor signaling and inducing tumor shrinkage in
androgen dependent malignancy [11, 12].

Based on promising pre-clinical activity of androgen recep-
tor blocking agents, this phase 1a/1b study is designed to
evaluate the safety and tolerability of enzalutamide in combi-
nation with gemcitabine and nab-paclitaxel in patients with
metastatic pancreatic cancer.

Patients and methods

Patient eligibility

This phase 1a/1b study included patients ⩾18 years of age
with histologically or cytologically confirmed metastatic or
unresectable pancreatic cancer who have not received
gemcitabine within 6 months of starting the study treatment
and 5-Flourouracil or radiation treatment within the last
4 weeks prior to receiving the study drug. Other inclusion
criteria included a life expectancy of at 3 months with eastern
cooperative oncology group (ECOG) performance status <2
(Karnofsky >60%) and normal organ/bone marrow function
(Detailed normal organ and bone marrow function criteria are
provided in supplemental data). In dose expansion phase, we
restricted the cohort to tumors expressing AR (> 1% of tumor
cells analyzed) by immunohistochemistry.

Patients were excluded from the study if they had other
activemalignancy requiring treatment, symptomatic brain me-
tastases, current significant or recent prior history of cardiac
disease (unstable angina, arrhythmias, heart failure). A de-
tailed inclusion and exclusion criteria are summarized in
Table 1.

Study design

Standard 3 + 3 dose escalation design was used to evaluate 2
dose levels of enzalutamide: 80 mg and 160 mg daily. The
doses of chemotherapy were as follows: gemcitabine
1000 mg/m2 IV on days 1, 8 and 15 in combination with
nab-paclitaxel 125 mg/m2 IV on days 1, 8 and 15. Duration
of each cycle was 4 weeks. Once the recommended phase
dose for expansion was determined an additional cohort of
12 patients with pancreatic tumors expressing AR was ac-
crued to better define the safety and tolerability of the combi-
nation regimen.

The primary objective of the study was to evaluate the
safety and tolerability and determine the maximally tolerated
dose (MTD) of enzalutamide in combination with
gemcitabine and nab-paclitaxel in advanced pancreatic cancer.
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Secondary objectives included exploring the efficacy, safety
and tolerability of the combination at the MTD established.
The local institutional review board approved the protocol per
guidelines. The study was conducted in accordance with the
Declaration of Helsinki and the International Conference on
Harmonization of Good Clinical Practice Guidelines
(NCT02138383).

Adverse events were graded using the National Cancer
Institute Common Terminology Criteria for Adverse Events
(NCI CTCAE) Version 4.0. Dose-limiting toxicities (DLTs)
were defined as adverse events (AEs) that occurred in the first
28 days (cycle 1) of study participation that were considered at
least possibly related to treatment. DLTs included: grade ≥ 3
nausea, vomiting or diarrhea lasting more than 3 days despite
optimal supportive medications; any other grade 3 non-
hematological AE (except for electrolytes abnormalities that
are reversible or hair loss which is not dose-limiting) that
results in greater than 7 days interruption of therapy; and
any grade 4 AE; seizures regardless of grade or severity and
hepatic toxicity that met Hy’s law criteria. Although hemato-
logic toxicity is generally not expected from enzalutamide, for
the purposes of the study, any grade 3/4 hematologic event
resulting in infection lasting more than 3 days or spontaneous
clinically significant bleeding was considered a DLT. Further,
whenever participants missed 2 or more doses of gemcitabine

or nab-paclitaxel during cycle 1 due to study drug related
toxicity, it was considered a DLT.Management and dosemod-
ifications associated with the adverse events are outlined in
Table 2. No dose modification was allowed during cycle 1 in
the dose escalation phase. The dose was interrupted if the
treatment criteria were not met based on the DLT. Any patient
that required dose interruption for more than 3 weeks was
taken off the study. Once the dose was reduced, patients were
not dose escalated to previous level.

The treatment was continued until one or more of the fol-
lowing criteria are met: disease progression, intercurrent ill-
ness that prevents further administration of treatment, unac-
ceptable adverse events, patient deciding to withdraw from the
study, general or specific changes in the patient’s condition
render the patient unacceptable for further treatment in the
judgment of the investigator. The patients who were removed
from the study were followed for 30 days for adverse events or
until death, whichever occurs first. Patients with significant or
unacceptable adverse events at the time of removal from the
study therapy were followed until the toxicities resolved or
were deemed irreversible.

The dose level reduction for gemcitabine, nab-paclitaxel
and enzalutamide based on the DLT are summarized in sup-
plementary data (Supplemental Table 2a-f).

Patient evaluation and assessments

Responses were assessed using Response evaluation criteria
in solid tumors (RECIST) version 1.1 for patients with ad-
vanced solid tumors. [13] Baseline disease assessments were
performed within 4 weeks before initiating treatment. Tumor
measurements were conducted every 8 weeks (two cycles).
Best overall response was recorded between the start and
end of treatment.

Pharmacokinetic analysis

Blood samples for nab-paclitaxel and enzalutamide plasma
levels were collected in the study at the pre-determined times
as detailed in Fig. 1. The reason for protracted sampling for
enzalutamide is that it may take up to 4 weeks for
enzalutamide to reach steady state. This pharmacokinetic sam-
pling was performed on all patients in dose escalation cohort
and first 10 patients in dose expansion cohort. At the specified
time points, 6.0 mL of blood was collected in tubes containing
sodium heparin for nab-paclitaxel and enzalutamide concen-
tration determination. Vacutainers were kept on crushed ice
after blood collection. Within 30 min, the tubes were centri-
fuged for 5 min at 1100 x g at 4 °C to separate the plasma.
After centrifugation, plasma was transferred into 2 mL poly-
propylene screw-cap tubes, labeled appropriately for the re-
spective analysis. The plasma samples were stored at temper-
ature of −80 °C until analysis.

Table 1 Inclusion and Exclusion criteria to be included in the phase 1 trial

Inclusion criteria:

• Histologically or cytologically confirmed metastatic or unresectable
pancreatic cancer not on gemcitabine within 6 months of starting the
study treatment and 5-Flourouracil or radiation treatment within the last
4 weeks prior to receiving the study drug.
• Life expectancy of atleast 3 months
• Eastern cooperative oncology group (ECOG) performance status <2
(Karnofsky >60%)
• Normal organ/bone marrow function.
• In dose expansion phase➔ tumors expressing AR (> 1% of tumor
cells analyzed) by immunohistochemistry.

Exclusion criteria:

• Active malignancy requiring treatment
• Symptomatic brain metastases
• Current significant or recent prior history of cardiac disease (unstable
angina, arrhythmias, heart failure)
• Uncontrolled intercurrent illness
• Myocardial infarction in the last 6 months
• Major surgery within 4 weeks prior to starting the study treatment,
• Chronic treatment with immunosuppressant drugs
• Human immunodeficiency virus (HIV) infection or active hepatitis B
or hepatitis C
• Active infection not controlled with antibiotics
• History of seizure, on concomitant medications that lower seizure
threshold
• History of loss of consciousness or transient ischemic attack within
12 months of starting the study drug
• Reproductive age group not willing to be on birth control pills
• Pregnant and breast-feeding women
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Pharmacokinetic analyses were performed individually for
each drug and conducted using non-compartmental methods
with Phoenix™ WinNonlin® ver6.3 (www.Pharsight.com).

Circulating tumor cells (CTCs)

As analyzing the CTCs provides the opportunity to do Breal
time^ molecular analysis of tumors, before, during, and after

treatment, a total of 10 subjects who had positive AR staining
on their tumor samples were selected for CTC AR assay that
was performed on day 1 of cycle 1 (baseline) and cycle 3 (2-
month follow up). Seven and half ml of peripheral blood was
processed for CTC assay though the epic science platform
involving Aqua™ slide preparation. We used CTC
Odyssey™ assay to stain the slides for cytokeratin (CK),
CD45, DAPI and AR. Slides were digitally scanned with the

Fig. 1 Flowsheet illustrating the
times of blood draws for nab-
paclitaxel and enzalutamide phar-
macokinetic analysis

Table 2 Dose escalation decision
rule based on the number of
patients who experienced dose
limiting toxicity (DLT)

Number of Patients with DLT at a Given
Dose Level

Escalation Decision Rule

0 out of 3 Enter 3 patients at the next dose level.

> 2 Dose escalation will be stopped. This dose level will be declared
the maximally administered dose (highest dose administered).
Three (3) additional patients will be entered at the next lowest
dose level if only 3 patients were treated previously at that dose.

1 out of 3 Enter at least 3 more patients at this dose level.

• If 0 of these 3 patients experience DLT, proceed to the next dose
level.

• If 1 or more of this group suffer DLT, then dose escalation is
stopped, and this dose is declared the maximally administered
dose. Three (3) additional patients will be entered at the next
lowest dose level if only 3 patients were treated previously at
that dose.

≤1 out of 6 at highest dose level below the
maximally administered dose

This is generally the recommended phase 2 dose. At least 6
patients must be entered at the recommended phase 2 dose.

476 Invest New Drugs (2019) 37:473–481

http://www.pharsight.com


Pyxis™ platform and we analyzed the data with the Atlas™
software. The total number of CK+/CD45- cells with intact
DAPI nuclei and pathologically determined morphology were
counted as the total number of CTC for that sample. The
identified CTCs were classified into 5 categories: strong AR
nuclear staining with weak or no AR cytoplasmic staining,
strong AR nuclear and cytoplasmic staining, weakAR nuclear
staining with weak or no AR cytoplasmic staining, weak AR
nuclear and cytoplasmic staining, weak AR nuclear staining
with strong AR cytoplasmic staining. The number and per-
centage of CTC in each category were recorded and compared
to the number and percentages in the subsequent assays on the
same patient.

Statistical analyses

For patients without a DLT in cycle 1, ≥ 85% of the
intended cumulative dose of the first 21-day cycle peri-
od was required to be evaluable for DLTs. Safety anal-
yses included all patients with one or more doses of
study treatment. Efficacy analyses included all patients
who had undergone baseline assessment and one on-
study tumor assessment or who discontinued early as a
result of disease progression. Quantitative variables are
summarized using descriptive statistics. The Kaplan-
Meier method and the Cox proportional were used for
time-to-event variable. The response rate and best over-
all response along with 95% confidence interval will be
reported. The logistic regression model was used to ex-
plore the association of response with other potential
predictors. A two-side p value of <0.05 was considered
statistically significant.

Results

Patient characteristics

Twenty-four patients were enrolled in this trial. Baseline de-
mographics and disease characteristics are summarized in
Table 3. Phase 1 consisted of 12 patients with advanced pan-
creatic cancer. The rest 12 patients who had AR positive dis-
ease were enrolled onto phase 1b.

Safety

Overall, the study drug was investigated in two doses-
80 mg and 160 mg along in combination with
gemcitabine and nab-paclitaxel. No DLTs were ob-
served. In dose escalation phase (phase Ia), most com-
mon grade 1 and 2 AEs included elevated alkaline
phosphatase (75%), anemia (67%), thrombocytopenia
( 6 7%) , f a t i g u e ( 58%) and e l e v a t e d a l a n i n e

aminotransferase (50%). The most frequently reported
grade 3 and 4 adverse events included neutropenia
(42%), anemia (25%), infections (25%) and decreased
white cell count (25%). In dose expansion phase (phase
1b), most common grade 1 and 2 AEs include nausea
(75%), peripheral sensory neuropathy (75%), fatigue
(65%), hypoalbuminemia (60%), thrombocytopenia
(50%) and arthralgia (50%). The most frequently report-
ed grade 3 and 4 adverse events included anemia
(58%), neutropenia (50%) and decreased white cell
count (33%). None of the patients enrolled in phase Ia
and Ib cohorts had grade 5 AEs. Table 4 summarizes all
the drug-related AEs reported in >10% of the patients in
both the phases.

Pharmacokinetics

Pharmacokinetic analysis suggested that the combination ther-
apy did not impact the kinetics of either drug evaluated.
Enzalutamide reached steady state levels between day 22
and 29 and the mean half-life of nab-paclitaxel was 19.6 ±
4.7 h. The pharmacokinetics of enzalutamide and paclitaxel
are detailed in Figs. 2 and 3, respectively.

Efficacy and survival

Among the patients who were enrolled to dose escalation
phase, 33% (4/12) patients had a partial response, and
42% (5/12) achieved stable disease. Best response was
not evaluable in three patients. In cohort expansion phase,
90% (9/10) achieved stable disease, 10% (1/10) had par-
tial disease and best response was not available in 2 pa-
tients. Median OS and progression-free survival was 9.73
[95%CI: 9.73–13.5] and 7.53 (95%CI: 6.05–12.8)
months, respectively (Fig. 4).

Table 3 Baseline characteristics

Total number of patients with metastasis 24

Median age (years) 68 (range, 32–84)

Sex

Males
Females

16 (64%)
4 (36%)

Race

White
Black
Asian

21 (84%)
3 (12%)
1 (4%)

CA 19–9 levels (median, range) 1878 (range, 1.4–308,519)

Current status (at the time of analysis)

Off study
Expired

8 (36%)
16 (64%)
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Carbohydrate antigen 19–9 (CA 19–9) levels
and response to therapy

CA 19–9 follow-up values were available for 21 of 24 patients
(87.5%). Among the 21 patients, 76% (n = 16) had a notable

decrease in CA 19–9 levels. All these 16 participants had at
least 20% decrease in CA 19–9 levels from that of baseline
values and 33% (n = 7) had a decrease of at least 90%. The
median percentage decrease in CA 19–9 level of the entire
cohort was 87.5% (range, 31–100%). The median time to

Table 4 Drug related adverse events by NCI-CTCAE Grade v4.0^

Adverse event (%) PHASE I A PHASE IB All patients

G1–2 G 3–4 All G G 1–2 G 3–4 All G G1–2 G 3–4 All G

Investigations
Alkaline phosphatase increase
Platelet decrease
ALT increase
WBC decrease
AST increase
Neutrophil decrease
Lymphocyte decrease
Bilirubin increase

75
66.67
50
33.33
41.67
8.33
8.33
-

8.33
8.33
16.67
25
8.33
41.67
8.33
8.33

83.33
75
66.67
58.33
50
50
16.67
8.33

41.67
50
41.67
41.67
50
16.67
41.67
25

8.33
16.67
8.33
33.33
-
50
16.67
-

50
66.67
50
75
50
66.67
58.33
25

58.34
58.34
45.84
37.50
45.84
12.50
25
12.50

8.33
12.50
12.50
29.17
4.17
45.84
12.50
4.17

66.67
70.84
58.34
66.67
50.01
58.34
37.50
16.67

Constitutional
Fatigue
Fever
Edema limbs
Death

58.33
50
16.67
-

-
-
-
-

58.33
50
16.67
16.67

66.67
33.33
33.33
-

-
-
-
-

66.67
33.33
33.33
-

62.50
41.67
25
-

-
-
-
-

62.50
41.67
25
-

Blood and lymphatic-Anemia 66.67 25 91.67 33.33 58.33 91.67 50 41.67 91.67
Gastrointestinal
Nausea
Diarrhea
Vomiting
Abdominal pain
Mucositis
Constipation

41.67
41.67
41.67
33.33
33.33
33.33

16.67
16.67
-
8.33
-
-

58.33
58.33
41.67
41.67
33.33
33.33

75
50
41.67
25
16.67
33.33

8.33
16.67
16.67
16.67
-
-

83.33
66.67
58.33
41.67
-
33.33

58.34
45.84
41.67
29.17
25
33.33

12.50
16.67
8.33
12.50
-
-

70.84
62.51
50
41.67
25
33.33

Metabolism and nutritional
Hyponatremia
Hypokalemia
Hypoalbuminemia
Hyperkalemia
Dehydration

25
16.67
25
8.33
-

16.67
16.67
-
-
-

41.67
33.33
25
8.33
-

41.67
8.33
58.33
50
16.67

-
-
8.33
-
8.33

41.67
8.33
66.67
50
25

33.34
12.50
41.67
29.17
8.33

8.33
8.33
4.17
-
4.17

41.67
20.83
45.84
29.17
12.50

Nervous
Peripheral sensory neuropathy
Headache
Dizziness

25
25
-

-
-
-

25
25
-

75
16.67
25

8.33
-
-

83.33
16.67
25

50
20.84
12.50

4.17
-
-

54.17
20.84
12.50

Musculoskeletal and CT
Arthralgia
Myalgia
Generalized muscle weakness

25
8.33
16.67

-
-
-

25
8.33
16.67

50
25
25

-
-
-

50
25
25

37.50
16.67
20.84

-
-
-

37.50
16.67
20.84

Respiratory, thoracic and mediastinal
Dyspnea
Epistaxis
Cough

25
16.67
-

-
-
-

25
16.67
-

33.33
16.67
25

16.67
-
-

50
-
-

29.17
16.67
12.50

8.33
-
-

37.50
16.67
12.50

Skin and subcutaneous
Alopecia
Maculopapular rash

25
16.67

-
-

-
-

16.67
33.33

-
-

16.67
33.33

20.84
25

-
-

20.84
25

Infections and infestations
Lung infection
Wound infection
UTI

-
16.67
-

16.67
-
-

16.67
16.67
-

8.33
-
25

-
-
-

8.33
-
25

4.17
8.33
12.50

8.33
-
-

12.50
8.33
12.50

Vascular disorders
Thromboembolic event
Hypertension

8.33
8.33

8.33
-

16.67
8.33

16.67
8.33

8.33
16.67

25
25

12.50
8.33

8.33
8.33

20.83
16.66

Injury, poisoning and procedural complications
Fall – – – 25 – 25 12.50 – 12.50

^National Cancer Institute Common Terminology Criteria for Adverse Events (NCI CTCAE) Version 4.0. G: Grades, CT: connective tissue, UTI:
Urinary tract infection, ALT: Alanine aminotransferase, AST: Aspartate aminotransferase
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CA 19–9 nadir was 3.5 months (range, 1–6 months). On sub-
group analysis, median percentage decrease in CA 19–9 level
was much higher in phase 1b [median: 92.5 (range, 56–99) %]
as compared to that of phase 1a [median: 79 (31–100) %].

CTCs

CTCs were present in 6 patients at baseline out of 10 patients
evaluated in the dose expansion phase. Post treatment, no
CTCs were observed in 5 patients and could not be evaluated
in 1 patient. Patients who were negative for CTCs at baseline
remained negative at subsequent evaluation.

Discussion

The recognition that pancreatic tumor cells harbor ARs led to
the exploration of AR inhibitors for the management of
advanced/metastatic pancreatic cancer. Here, we report that
the selective AR inhibitor enzalutamide at dose of 160 mg/
day, when used in combination with gemcitabine and nab-
paclitaxel has acceptable toxicity and safety profile in patients
with metastatic pancreatic cancer with preliminary evidence
of antitumor activity. Enzalutamide at 160mg dose consistent-
ly yielded concentrations in plasma above those shown to
inhibit tumor growth and CTCs.

Fig. 2 Enzalutamide Mean
Steady-State Plasma
Concentrations vs. Time. Mean
Steady-State Plasma
Concentration vs. Time for
Enzalutamide measured weekly
for 4 weeks after daily adminis-
tration of 80 mg or 160 mg (n =
23)

Fig. 3 Nab-paclitaxel Mean
Steady State Plasma
Concentrations vs. Time. Nab-
Paclitaxel infused on day 1 and
drug levels measured on day 1
through day 3. (125 mg/m2) (n =
23)
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In this trial, enzalutamide was evaluated in combination
with gemcitabine and nab-paclitaxel at maximum total daily
dose of 160 mg. As no increased anti-tumor activity was noted
with enzalutamide 240 mg and higher doses in the studies
with prostate cancer and the rate of grade 3 and 4 adverse
events were much higher from the doses 240 mg and higher,
we limited the maximum tolerated dose to 160 mg in our trial
[14]. At this dose, PK data indicated rapid absorption and
sustained bioavailability of enzalutamide with dose-depen-
dent, linear increases in Cmax and area under curve.
Paclitaxel also achieved sustained bioavailable concentra-
tions, indicating that all the patients in the study received
enzalutamide 160 mg dose achieved target inhibition.

The toxicity profile of the combination regimen was gen-
erally acceptable and is consistent with expectations based on
the clinical trial data for combination of gemcitabine and nab-
paclitaxel [4, 15]. The most commonly reported toxicities ob-
served in the present study were hematologic (decreased pe-
ripheral blood cell counts), gastrointestinal (vomiting, nausea,
anorexia) and constitutional (fatigue, arthralgia) AEs.
Supportive treatment with aggressive use of antiemetics in-
creased tolerability of the combination therapy. In our study,
no DLTs were noted. Dose interruptions and dose reductions
occurred most commonly because of expected hematologic
AEs with the combination, and neuropathy related to nab-
paclitaxel. Based on the DLT and AE data, enzalutamide at
160 mg daily dose seems to be well tolerated in combination
with gemcitabine and nab-paclitaxel, and has the potential for
further evaluation in clinical trials.

In this study, treatment with the combination therapy re-
sulted in stable disease in 75% (9 out of 12 patients) in partic-
ipants with AR positive cancer cells. It is interesting that five
patients in phase 1b cohort remained on the combination reg-
imen for more than 1 year, suggesting that long-term treatment
may be feasible. The suitability of the combination therapy
was also confirmed by the observations that none of the

patients needed dose reduction of enzalutamide. As expected,
a greater number of patients (75%) in the phase 1b cohort (AR
positivity) achieved stable disease. Moreover, the median OS
with the combination therapy (9.73 [95%CI: 9.73–13.5]) was
comparable to that of MPACT trial (8.5 [95% CI: 7.89 to
9.53]). Similar trend was seen in progression-free survival
again demonstrating the promising nature of the combination
especially in the AR positive cells. In addition, the combina-
tion regimen resulted in consistent reductions in CA 19–9
levels. Several clinical trials have utilized the CA 19–9 as a
surrogate marker of therapeutic efficacy and a decline in the
basal CA 19–9 level by ≥20% or by ≥50% has been consid-
ered a biochemical response [16–21]. In the present study, we
noticed a robust reduction in CA 19–9 levels by a median of
87.5% suggesting a biochemical response with the combina-
tion regimen. We noticed that at least 33% of the patients had
90% reduction in CA-19-9 levels as compared to that of base-
line value. Our results are comparable to that of phase 3
MPACT trial in which the combination of gemcitabine and
nab-paclitaxel showed a 90% reduction in CA 19–9 level
reduction in 31% of participants with CA 19–9 data [4].

In conclusion, enzalutamide has an acceptable safety pro-
file with preliminary evidence of clinical benefit in advanced
metastatic pancreatic cancer. Given its promising safety and
efficacy profile, enzalutamide provides a rationale for its fur-
ther evaluation in setting of a larger trial for patients with
metastatic pancreatic cancer.
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