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ABSTRACT
NC-6004 is a nanoparticle developed using micellar technology that can improve
release of cisplatin, a standard treatment for many cancer types, and achieve selective
distribution to tumors. Here, in the Phase II portion of this study, the activity, safety,
tolerability, and effects on quality of life of NC-6004 in combination with gemcitabine
was examined in 34 squamous non-small cell lung carcinoma (NSCLC) patients, 50
biliary tract cancer patients, and 13 bladder cancer patients. All patients received 135
mg/m2 NC-6004 on day one and 1,250 mg/m2 gemcitabine on days one and eight. The
median progression-free survival was 3.9 months in NSCLC patients, 4.3 months in
biliary tract cancer patients, and 6.8 months in bladder cancer patients fit for cisplatin
treatment. The most frequently reported Grade 3 Treatment Emergent Adverse Events
across all cohorts were nausea, anemia and neutropenia, and hyponatremia. Quality
of life measures for patients who received the combined therapy were generally
consistent with expectations for patients undergoing chemotherapy. Overall,
combined NC-6004 and gemcitabine treatment resulted in long-lasting antitumor
activity and had a favorable safety profile, suggesting that it should be investigated
further as a therapy for various types of cancer.

INTRODUCTION

well as chronic renal-, neuro-, and oto-toxicities after
continuous exposure. NC-6004, a nanoparticle that
encapsulates cisplatin, was developed to reduce DLTs
while maintaining or increasing antitumor activity due
to its unique pharmacokinetic characteristics. The NC6004 nanoparticle is approximately 30 nm in diameter
and uses cutting-edge micellar technology; a hydrophilic

Platinum-based therapy is widely used to treat
many types of cancer. However, cumulative doselimiting toxicity (DLT) is a common problem with
cisplatin treatment [1]. Cisplatin treatment can cause
acute myelotoxicity and gastrointestinal toxicity as
www.oncotarget.com
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shell composed of polyethylene glycol increases exposure
time in the bloodstream, resulting in increased tumorspecific accumulation [2]. The small size of NC-6004
particles enables increased accumulation and penetration
into low permeability organs due to enhanced permeability
retention (EPR) compared to liposomal doxorubicin
or paclitaxel albumin-bound nanovehicles with larger
diameters (90–130 nm) [2, 3]. Every micellar nanoparticle
contains an average of 720 cisplatin molecules. The
polydispersity index of NC-6004 is 0.070 with a 39%
cisplatin content, which is nearly uniformly distributed
throughout the micelle. In the presence of chloride in
the bloodstream, the NC-6004 micelle formulation is
gradually disassembled and releases cisplatin [4]. This
sustained release feature of NC-6004 results in a lower
maximum cisplatin concentration (Cmax) with a higher
area under the curve (AUC); together with preferential
distribution to tumors, this reduces toxicity and increases
antitumor activity compared to conventional cisplatin
at equivalent doses [5]. Stability studies demonstrated
that, when 5% dextrose in water is used to reconstitute
NC-6004, more than 50% of the cisplatin released from
nanoparticles due to the presence of chloride is stable after
120 hours [4].
Fixed concentrations of NC-6004 and increasing
concentrations of gemcitabine had synergistic effects
in eight human solid tumor cell lines including
cisplatin refractory lung, breast, colon, and pancreatic
adenocarcinomas. Also, an in vivo study demonstrated
that tumor size was significantly reduced in human breast,
prostate, and lung tumor xenograft models when NC-6004
was combined with gemcitabine compared to treatment
with NC-6004 or cisplatin alone. In addition, NC-6004
was better tolerated as indicated by reduced nephrotoxicity
and neurotoxicity and showed similar or better antitumor
activity compared to cisplatin in preclinical models [6].
In an NC-6004 phase I clinical trial completed
in the United Kingdom, administration of NC-6004 in
patients with advanced solid tumors was associated with
significantly prolonged half-life (230-fold increase) and
greater AUC (8.5-fold increase) compared to equivalent
cisplatin dose levels. These results indicated that antitumor
activity at the maximum tolerated dose (MTD) for NC6004 may be greater than that of cisplatin, and the NC6004 dose of 90 mg/m2 was determined to be well tolerated
[7]. A subsequent phase I/II trial in Asia (NCT02043288)
in metastatic pancreatic cancer patients with escalating
doses of NC-6004 in combination with gemcitabine
and using a traditional 3+3 modified Fibonacci dose
escalation design reported a MTD of 120 mg/m2 and a
Recommended Phase 2 Dose (RP2D) of 90 mg/m2 for the
combination [8].
In this multicenter phase Ib/II trial (https://
clinicaltrials.gov/ Identifier: NCT02240238), we examined
NC-6004 in combination with gemcitabine for treating
patients with advanced squamous NSCLC, biliary tract,
www.oncotarget.com

or bladder cancer. The Phase Ib portion of this study was a
nonrandomized, open-label, dose escalation and expansion
trial using a Bayesian Continual Reassessment Model
(N-CRM) and involved 22 patients with solid tumors
[13]. The Bayesian model was simulated, designed, and
implemented using Fixed and Adaptive Clinical Trial
Simulator (FACTS) software version 5.6 [8]. The MTD
of NC-6004 was 135 mg/m2, which is 50% higher than
the MTD determined using a traditional 3+3 modified
Fibonacci dose escalation design in a previous trial of
NC-6004 that reported no clinically significant neuro, oto,
or nephrotoxicity. In the Phase II portion of this study,
which is reported here, an adaptive, open-label expansion
trial was conducted at the MTD dose identified in the first
phase in patients with squamous NSCLC, biliary tract, or
bladder cancer; treatment efficacy, safety, and tolerability
were assessed [9].

RESULTS
A total of 97 patients were enrolled in this study
between June 2017 and March 2018 at 29 study sites
in the United States and Europe. Among them, 34 were
diagnosed with squamous NSCLC, 50 with biliary
tract carcinoma, and 13 with bladder urothelial cancer.
Characteristics of the 97 enrolled patients who received
at least one dose of NC-6004 plus gemcitabine are shown
in Table 1.
Of the 97 patients initially enrolled, 78 (80.4%)
completed the study. Among them, 29 were NSCLC
patients (85.3%), 37 were biliary tract cancer patients
(74.0%), and 12 were bladder cancer patients (92.3%).
The most common reasons for discontinuing treatment
were adverse events (AEs), which occurred in 23 patients
(23.7%), and disease progression, which occurred in 17
patients (17.5%).

Efficacy
In NSCLC patients, the median progression-free
survival (PFS) was 3.9 months (95% CI 2.8–6.1). At the 3.9
month timepoint, 6 NSCLC patients (17.6%) had not shown
any disease progression, 19 patients (55.9%) had shown
progression, and 9 patients (26.5%) had died (Figure 1).
In biliary tract cancer patients, the median PFS was 4.3
months (95% CI 2.9–6.0). At the 4.3 month timepoint,
19 biliary tract cancer patients (38.0%) had not shown
disease progression, 22 patients (44.0%) had experienced
progression, and 9 patients (18.0%) had died (Figure 2).
In bladder cancer patients fit to receive cisplatin treatment,
the median PFS was 6.8 months (95% CI 4.3–7.8); PFS
could not be evaluated in bladder cancer patients unfit
to receive cisplatin. In the overall bladder cancer patient
cohort (both fit and unfit for cisplatin) at the 6.8 month
timepoint, 3 patients (23.1%) had not shown progression,
8 patients (61.5%) had shown progression, and 2 patients
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Table 1: Demographics of Phase II patients (safety analysis set)
N = 33
61.0 (34–79)

Cohort 2
(biliary tract cancer)
N = 49
64.0 (35–76)

Cohort 3
(bladder cancer)
N = 12
65.0 (46–80)

N = 97
63.0 (34–80)

26 (78.8)
7 (21.2)

31 (63.3)
18 (36.7)

11 (91.7)
1 (8.3)

70 (72.2)
27 (27.8)

33 (100)
0
0
0

44 (89.8)
1 (2.0)
2 (4.1)
2 (4.1)

11 (91.7)
1 (8.3)
0
0

90 (92.8)
3 (3.1)
2 (2.1)
2 (2.1)

2 (6.1)
31 (93.9)

9 (18.4)
40 (81.6)

4 (33.3)
8 (66.7)

16 (16.5)
81 (83.5)

3 (9.1)

3 (6.1)

3 (25.0)

10 (10.3)

11 (33.3)

3 (6.1)

1 (8.3)

15 (15.5)

12 (36.4)

31 (63.3)

10 (83.3)

56 (57.7)

Cohort 1 (NSCLC)
Age, years, median (range)
Gender, No. (%)
Male
Female
Race, No. (%)
White
Black
Asian
Other
ECOG at baseline, No. (%)
Grade 0
Grade 1
Number of patients with at
least one prior chemotherapy
Number of patients with at
least one prior radiation
Number of patients with at
least one surgical procedure

Totala

One patient in each cohort was diagnosed incorrectly, resulting in assignment to the incorrect cohort. These patients are
not included in the cohort safety analysis summaries but are included in the total patient number since they received study
treatments.
a

(15.4%) had died (Figure 3). For evaluations of PFS event
data, interim analyses were performed every 6 weeks once
10 PFS events were observed. After each interim analysis
and at the final analysis, futility was declared in Cohort 1
NSCLC patients and Cohort 2 biliary cancer patients. Due

to difficulties enrolling the planned number of patients,
recruitment ended prematurely and interim analyses were
not performed for Cohort 3 bladder cancer patients.
The median overall survival (OS) in NSCLC
patients was 9.2 months (95% CI 4.0–12.2), at which

Figure 1: Kaplan–Meier plot of progression-free survival in NSCLC patients.
www.oncotarget.com
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point 13 patients (38.2%) remained alive and 21 patients
(61.8%) had died (Figure 4). The median OS in biliary
tract cancer patients was 11.7 months (95% CI 8.7–16.6),
at which point 20 patients (40.0%) remained alive and 30
patients (60.0%) had died (Figure 5). The median OS in
bladder cancer patients was 10.5 months (95% CI 6.5-not
applicable), at which point 4 patients (30.8%) remained
alive and 9 patients (69.2%) had died (Figure 6).
Duration of response (DOR) was also assessed.
In NSCLC patients, at the median DOR of 232.0 days,

1 patient (2.9%) had not shown progression, 3 patients
(8.8%) had experienced progression, and 30 patients
(88.2%) had not achieved complete response (CR) or
partial response (PR). In biliary tract cancer patients,
the minimum and maximum DOR values were 92 days
and 190 days, respectively (median DOR could not be
determined for this cohort). Among cisplatin-fit bladder
cancer patients at the median DOR of 133.0 days, 3
patients (23.1%) had experienced progression and 10
patients (76.9%) had not achieved CR or PR.

Figure 2: Kaplan–Meier plot of progression-free survival in biliary tract cancer patients.

Figure 3: Kaplan–Meier plot of progression-free survival in bladder cancer patients stratified based on creatinine
clearance and Eastern Cooperative Oncology Group performance status.
www.oncotarget.com
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Disease control rates were evaluated by determining
the proportion of patients who showed the best overall
response of stable disease (SD) for longer than 7 weeks
and for whom PR or CR was confirmed when the patient
discontinued study treatment. Successful disease control
was observed in 12 NSCLC patients (35.3%), 19 biliary
tract cancer patients (38.0%), and 7 bladder cancer patients
(53.8%) based on these criteria.

in Part 2 as well. Overall, there were 8 Grade 5 TEAEs,
22 Grade 4 TEAEs, and 250 Grade 3 TEAEs during the
course of the study. One patient experienced cardiac
arrest and another patient experienced pulmonary artery
thrombosis; all other Grade 5 TEAEs were considered
unrelated to the medications administered in this study.
The only Grade 4 TEAEs experienced by more than one
patient in any cohort were increased gamma-glutamyl
transpeptidase (GGT) (12.2%), neutropenia (6.1%), and
decreased platelet count (4.1%), and all of these events
occurred in biliary tract cancer patients.
One patient in each cohort was diagnosed incorrectly
and was therefore assigned to the incorrect cohort. These
patients are not included in the safety analyses but are

Safety
Treatment Emergent Adverse Events (TEAEs) that
were observed in at least 5% of all patients are shown in
Table 2. Most TEAEs were Grade 1 or Grade 2 in intensity

Figure 4: Kaplan–Meier plot of overall survival in NSCLC patients.

Figure 5: Kaplan–Meier plot of overall survival in biliary tract cancer patients.
www.oncotarget.com
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Table 2: Treatment Emergent Adverse Events occurring in ≥ 5% of all patients
N = 34

N = 49

N = 13

N = 97a

n (%)

n (%)

n (%)

n (%)

334

1003

172

1541

Number of patients with at least one TEAE

33 (100.0)

49 (100.0)

12 (100.0)

97 (100.0)

Nausea

15 (45.5)

31 (63.3)

8 (66.7)

56 (57.7)

Hypomagnesaemia

16 (48.5)

23 (46.9)

5 (41.7)

47 (48.5)

Anemia

16 (48.5)

18 (36.7)

4 (33.3)

38 (39.2)

Vomiting

7 (21.2)

23 (46.9)

4 (33.3)

35 (36.1)

Blood creatinine increased

6 (18.2)

12 (24.5)

5 (41.7)

24 (24.7)

Neutropenia

11 (33.3)

11 (22.4)

2 (16.7)

24 (24.7)

Alanine aminotransferase increased

6 (18.2)

15 (30.6)

1 (8.3)

22 (22.7)

Decreased appetite

7 (21.2)

14 (28.6)

1 (8.3)

22 (22.7)

Aspartate aminotransferase increased

5 (15.2)

15 (30.6)

1 (8.3)

21 (21.6)

Fatigue

3 (9.1)

16 (32.7)

2 (16.7)

21 (21.6)

Thrombocytopenia

5 (15.2)

13 (26.5)

1 (8.3)

19 (19.6)

Constipation

4 (12.1)

13 (26.5)

1 (8.3)

18 (18.6)

Hypokalemia

5 (15.2)

8 (16.3)

4 (33.3)

17 (17.5)

Asthenia

8 (24.2)

8 (16.3)

0

16 (16.5)

Total number of TEAEs

Gamma-glutamyl transferase increased

0

15 (30.6)

1 (8.3)

16 (16.5)

Hyponatremia

7 (21.2)

6 (12.2)

1 (8.3)

14 (14.4)

Insomnia

4 (12.1)

8 (16.3)

2 (16.7)

14 (14.4)

Pyrexia

1 (3.0)

10 (20.4)

2 (16.7)

13 (13.4)

Diarrhea

1 (3.0)

7 (14.3)

1 (8.3)

10 (10.3)

Platelet count decreased

1 (3.0)

8 (16.3)

1 (8.3)

10 (10.3)

Back pain

1 (3.0)

6 (12.2)

2 (16.7)

9 (9.3)

Dysgeusia

0

7 (14.3)

1 (8.3)

9 (9.3)

Paresthesia

2 (6.1)

7 (14.3)

0

9 (9.3)

Blood alkaline phosphatase increased

0

7 (14.3)

1 (8.3)

8 (8.2)

Blood bilirubin increased

0

8 (16.3)

0

8 (8.2)

Neutrophil count decreased

3 (9.1)

3 (6.1)

1 (8.3)

8 (8.2)

Edema peripheral

2 (6.1)

4 (8.2)

1 (8.3)

8 (8.2)

Weight decreased

3 (9.1)

3 (6.1)

2 (16.7)

8 (8.2)

Abdominal pain

0

7 (14.3)

0

7 (7.2)

Abdominal pain

0

5 (10.2)

1 (8.3)

6 (6.2)

Dehydration

1 (3.0)

4 (8.2)

1 (8.3)

6 (6.2)

Dyspnea

4 (12.1)

2 (4.1)

0

6 (6.2)

Headache

1 (3.0)

5 (10.2)

0

6 (6.2)

0

5 (10.2)

1 (8.3)

6 (6.2)

Arthralgia

1 (3.0)

2 (4.1)

1 (8.3)

5 (5.2)

Dizziness

2 (6.1)

2 (4.1)

0

5 (5.2)

Non-cardiac chest pain

1 (3.0)

4 (8.2)

0

5 (5.2)

Weight increased

1 (3.0)

2 (4.1)

2 (16.7)

5 (5.2)

Hiccups

included in the total patient number since they did receive
drug treatments as part of this study.
The most frequently reported Grade 3 TEAEs were:
anemia and neutropenia (27.3% each) and hyponatremia
(18.2%) in NSCLC patients; nausea, neutropenia, and
thrombocytopenia (14.3% each) in biliary tract cancer
www.oncotarget.com

patients; and anemia (25.0%), neutropenia, hypokalemia,
hypomagnesemia, and hypertension (16.7% each)
in bladder cancer patients. Grade 3 hypokalemia,
hypomagnesemia, anemia, and neutropenia were reported
in at least 2 patients in each cohort.
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Quality of life

there any differences among patients with different tumor
types. NC-6004 has been evaluated in several studies at
doses ranging from 10–180 mg/m2; Cmax and AUC values
from these studies increased with dose in a linear fashion
as shown in Figure 9A and 9B.

Patients’ quality of life was assessed by determining
whether EORTC QLQ-C30 remained stable or decreased
with regard to functional scales and remained stable or
increased with regard to symptoms scales, as would be
expected in patients who are receiving chemotherapy
treatment. By the end of treatment, one patient’s ECOG
performance status scores had worsened; this patient
shifted from Grade 0 to Grade 1.

DISCUSSION
In this histology-independent, early phase II basket
study of combination treatment with NC-6004 and
gemcitabine, we observed a median PFS of 3.9 months
for advanced squamous cell NSCLC. This is shorter
than the median PFS of 5.1 months observed previously
in a Phase III study of cisplatin-gemcitabine [10, 11]. In
those studies, the median OS was 9.2 months in patients
who received a NC-6004-gemcitabine combination,
while median OS values of 8.9 months and 10.3 months
were observed in patients who received the cisplatingemcitabine combination [10, 11].
In this study, we observed a median PFS of 4.3
months in biliary tract cancer patients who received the
NC-6004-gemcitabine combination. In a previous phase
III ABC-02 study, a median PFS of 8.0 months was
observed in biliary tract cancer patients treated with a
cisplatin-gemcitabine combination; in the same study, the
median OS was 11.7 months both in patients treated with
NC-6004-gemcitabine and in those treated with cisplatingemcitabine [12].
Finally, we observed a median PFS of 6.8 months in
cisplatin-fit bladder cancer patients receiving a NC-6004gemcitabine combination. A previous phase III clinical

Pharmacokinetics
From the intensive sampling in Part 1, the major
pharmacokinetic parameters were estimated based on
total platinum concentrations. As shown in Table 3, total
plasma clearance (CL) was 65.0 ± 15.6 mL/hr, steady
state volume of distribution (Vss) was 3.9 ± 1.7 L, and
elimination half-life (T1/2) was 91.2 ± 19.5 hr.
Data collected from sparse plasma samples in Phase
II of this study were compared to the full time-dependent
concentration profile based on data from intensive plasma
samples from the 135 mg/m2 dose group in the previous
Phase Ib portion of the study. As shown in Figure 7,
platinum concentrations at the pre-dose (0 hr), end of
NC-6004 infusion (1 hr), and start of second gemcitabine
infusion (168 hr) timepoints in Phase II were consistent
with those in Phase Ib. Levels were also evaluated at
various other time points and analyzed in multiple cycles
across the tumor types. As shown in Figure 8, there was
no platinum accumulation from cycle to cycle, nor were

Figure 6: Kaplan–Meier plot of overall survival in bladder cancer patients stratified based on creatinine clearance and
Eastern Cooperative Oncology Group performance status.
www.oncotarget.com
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Table 3: Major plasma pharmacokinetic parameters and platinum concentrations at specific time
points for NC-6004 at 135 mg/m2

Cmax
C1 hr
C168 hr
Ctrough
AUC0-inf
CL
Vss
T1/2

µg/mL
µg/mL
µg/mL
µg/mL
µg*hr/mL
mL/hr
L
Hr

Total Platinuma
Mean
(S. D.)
50.08
(9.84)
48.82
(11.09)
1.20
(0.42)
0.44
(0.14)
2611.0
(520.7)
65.0
(15.6)
3.9
(1.7)
91.2
(19.5)

Free Platinumb
Mean
(S. D.)
NA
NA
0.192
(0.164)
0.057
(0.119)
0.031
(0.077)
NA
NA
NA
NA
NA
NA
NA
NA

Data from Part 1; bData from Part 2.

a

trial found a median PFS of 7.4 months in bladder cancer
patients receiving cisplatin-gemcitabine; in the same
study, median OS was 10.5 months for patients treated
with NC-6004-gemcitabine and 13.8 months in patients
who received cisplatin-gemcitabine [13].
Pocock raised important concerns regarding the use
of historical control [10]. Such limitations preclude our
ability to conclusively determine the antitumor activity
of combined NC-6004-gemcitabine treatments based on
previous studies. Differences in patient backgrounds and
demographics, among other factors, prevented us from
comparing the efficacy, safety, tolerability, QoL impact, and
pharmacokinetics of our combined NC-6004-gemcitabine
treatment against historical data on combined cisplatingemcitabine treatments in this study. As expected, our
attempts to compare outcomes associated with conventional
cisplatin regimens in previous studies to our combined
treatment were inconclusive; future randomized studies
would be needed to directly compare these treatments.

Here, combined NC-6004-gemcitabine therapy was
well tolerated, as was the case in a Phase I/II study performed
in Asia in pancreatic cancer patients (Study NC-6004-002)
that demonstrated a toxicity profile similar to cisplatin [14].
Most of the AEs observed in this study were Grade 1 or
Grade 2 in intensity, and the most common TEAEs related to
study treatment were nausea, hypomagnesemia, and anemia;
this suggests that the NC-6004-gemcitabine combination
may be safer than cisplatin-gemcitabine.
Toxicities associated with cisplatin chemotherapy
and gastrointestinal and hematological toxicities
associated with gemcitabine are well-known. However,
our QoL data suggest that use of the NC-6004 nanoparticle
vehicle benefitted patients by reducing treatment toxicity.
Additional studies including a cisplatin-gemcitabine
treatment group for direct comparison are needed to
conclusively demonstrate such a benefit.
The values for pharmacokinetic parameters observed
in this study are consistent with previously reported ranges

Figure 7: Time profile of total platinum concentration for NC-6004 at 135 mg/m2. Phase Ib data are shown as black circles
and Phase II data as red circles.
www.oncotarget.com
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Figure 8: Mean total platinum concentrations prior to the second gemcitabine infusion (168 h) in each cycle in patients
with various tumor types.

Figure 9: (A) Total cisplatin exposure as indicated by Cmax after NC-6004 doses ranging from 10–180 mg/m2. (B) Total cisplatin exposure
as indicated by AUC after NC-6004 doses ranging from 10–180 mg/m2.
www.oncotarget.com
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Patient population

[7]. However, compared to conventional cisplatin similarly
administered in a one-hour infusion [15], the total platinum
delivered through NC-6004 has a significantly lower CL
and much smaller Vss, leading to a longer T1/2. Total and free
platinum concentrations at different time points are listed in
Table 3. The free platinum in the ultrafiltrate assayed in this
study represents the fraction of cisplatin released from NC6004 micelles that is not bound to plasma proteins. The free
platinum concentration at the end of the one-hour infusion
of 135 mg/m2 NC-6004, which was similar to the Cmax, was
0.19 ± 0.16 µg/mL (Table 3). This is markedly lower than
the free platinum Cmax of 4.3 ± 0.7 µg/mL achieved by a one
hour infusion of conventional cisplatin at the lower dose of
100 mg/m2 [16]. However, the free platinum concentration
of 0.057 ± 0.12 µg/mL measured at 168 hr (Day 7) indicates
that its elimination was significantly slower, and exposure
duration was prolonged, after release from NC-6004
micelles. In addition, the release of cisplatin from NC6004 appears to be time- and concentration-dependent; the
free/total platinum concentration ratio was only 0.4% at 1
hr, but increased to 4.8% at 168 hr and 7.1% at the trough
immediately prior to the NC-6004 dose in the subsequent
cycle. Single gemcitabine infusions were administered on
days one and eight of each treatment cycle in this study.
Total plasma CL and Vss values for NC-6004 in the presence
of gemcitabine were similar to those observed in previous
studies where NC-6004 was administered either alone or in
combination with other agents.
This study supports nonclinical findings that slow
release of cisplatin from NC-6004 resulted in long-lasting
systemic exposure to cisplatin, and thereby prolonging its
antitumor effects, with a toxicity profile similar to that of
cisplatin. In addition, combined treatment with NC-6004
and gemcitabine was well tolerated, with a manageable
toxicity profile similar to cisplatin. After combined
treatment, QoL as assessed by EORTC QLQ-C30 either
remained the same or decreased as expected for patients
receiving chemotherapy.
Accumulation index values of 0.60 to 1.21 across
all dose levels indicated that there was little accumulation
of total platinum in the plasma following a single IV
administration of NC-6004 in 3-week treatment cycles.
Finally, our survival analysis demonstrated that the NC6004-gemcitabine combination is a safe and effective
option for front-line treatment of advanced cancers
and yields comparable results to combined cisplatingemcitabine treatment.

Eligibility criteria were as follows: histologically or
cytologically confirmed diagnosis of stage IV squamous
NSCLC, advanced or metastatic biliary tract carcinoma
(intrahepatic or extrahepatic cholangiocarcinoma,
gallbladder cancer, or ampullary carcinoma), or stage IV
bladder carcinoma; no prior systemic anticancer therapy
for advanced or metastatic disease; measurable disease
per Response Evaluation Criteria in Solid Tumors Version
1.1 (RECIST); Eastern Cooperative Oncology Group
(ECOG) performance status (PS) of 0 to 1 in NSCLC and
biliary tract cancer cohorts and 0 to 2 in bladder carcinoma
cohort; adequate bone marrow reserve (absolute neutrophil
count ≥ 1.5 × 109/L, platelet count ≥ 100 × 109/L, and
hemoglobin level ≥ 10 g/dL); acceptable organ function
criteria (total serum bilirubin < 1.5 × upper limit of
normal [ULN], baseline alanine transaminase, aspartate
transaminase < 2 × ULN or in patients with documented
hepatic metastases < 5.0 × ULN, serum creatinine <
1.5 mg/dL). Bladder cancer patients were stratified by
creatinine clearance (CrCl,) ≥ 30 to < 60 mL/min and/or
ECOG PS 2 (cisplatin-unfit population) and CrCl ≥ 60
mL/min and ECOG PS 0 to 1 (cisplatin-fit population).
The patients were separated into 3 cohorts based on cancer
type: squamous NSCLC, biliary tract carcinoma, and
bladder carcinoma.
The study was conducted in compliance with the
Declaration of Helsinki, International Conference on
Harmonization Guidelines for Good Clinical Practice, and
applicable local regulations.

Trial design
The primary objective of this trial was to evaluate
the activity of NC-6004 in combination with gemcitabine
in patients with first-line Stage IV squamous NSCLC,
advanced or metastatic biliary tract cancer, and metastatic
or locally advanced bladder cancer. Efficacy was evaluated
based on response rates at week 8 as assessed by the site
investigators according to RECIST, version 1.1.
The secondary objectives were to evaluate the
safety, quality of life, pharmacokinetics, and antitumor
activity (Objective Response Rate [ORR], Disease Control
Rate [DCR], Duration of Response [DOR], ProgressionFree Survival [PFS], and Overall Survival [OS]) of NC6004 when combined with gemcitabine.
PFS was the primary endpoint in this study and was
continuously updated within each cohort and compared
to historical PFS from pivotal Phase III cisplatin and
gemcitabine studies. The PFS hazard model was updated
as PFS data accrued, and PFS hazard ratios (HR) were
calculated for each cohort (Table 4).
NC-6004 was administered in a 1-hour intravenous
infusion on day 1 of each 21-day cycle. All patients
received pre- (minimum of 1 L over 1–3 hours) and post-

MATERIALS AND METHODS
This study covers the Phase II expansion trial
portion of a multicenter, single-arm, basket design study
(https://clinicaltrials.gov/ Identifier: NCT02240238).
In Phase Ib, the MTD of NC-6004 in combination with
gemcitabine was determined using a Bayesian model in
patients with solid tumors.
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Table 4: Historical controls for progression-free survival for each cohort
Cohort

Historical
median PFS
duration

Biliary
Tract
Cancer
8.8 months

Bladder Cancer (CrCl: ≥ 60 Bladder Cancer (CrCl: ≥ 30 to < 60 Squamous
mL/min and ECOG PS 0,1; fit) mL/min and/or ECOG PS 2; unfit) NCSLC
7.6 months

5.8 months

5 months

Abbreviations: CrCl, creatinine clearance; ECOG, Eastern Cooperative Oncology Group; NSCLC, non-small cell lung cancer;
PFS, progression-free survival; PS, performance status.
infusion (minimum of 500 mL over 2 hours) hydration
regimens of NC- 6004 with 0.9% sodium chloride
(0.45% sodium chloride was allowed at the investigator’s
discretion). To reduce the risk of hypersensitivity reactions,
all patients received an antihistamine (diphenhydramine 50
mg, ranitidine 50 mg, or 20 mg famotidine) intravenously
30 minutes prior to administration of NC-6004 as well as
20 mg dexamethasone orally 12 and 6 hours prior to and 4
mg twice daily for two days after NC-6004 infusion. The
use of antiemetic agents was allowed based on standard
treatment center protocols for cisplatin-based regimens but
was not mandated. NC-6004 was administered at a dose
of 135 mg/m2 in a 1-hour intravenous infusion on day 1
of each cycle, and gemcitabine was administered at 1,250
mg/m2 in a 30 minute-intravenous infusion following
NC-6004 infusion on day 1 and on day 8 of each cycle.
All patients were treated until they experienced disease
progression, unacceptable toxicity, or withdrew from the
trial, whichever occurred first.
Adverse events related to treatment were graded
using the National Cancer Institute Common Terminology
Criteria for Adverse Events Version 4.03 (NCI CTCAE).
QoL was assessed using the European Organization
for Research and Treatment of Cancer Quality of
Life Questionnaire-Core 30 (EORTC QLQ-C30).
Pharmacokinetic samples were collected, total platinum
(including cisplatin both encapsulated in and released
from the NC-6004 micelle formulation) and released
platinum concentrations in the plasma were measured, and
key pharmacokinetic parameters were determined.
The patients were separated into the following
three cohorts based on cancer type: Cohort 1: firstline metastatic squamous NSCLC; Cohort 2: first-line
metastatic or locally advanced cholangiocarcinoma,
gallbladder cancer, or ampullary cancer (biliary tract
cancer); and Cohort 3: first-line metastatic or locally
advanced transitional cell carcinoma of the urinary tract
(bladder cancer). Bladder cancer patients in Cohort 3
were stratified according to creatinine clearance (CrCl)
rates to assess study treatment in patients with reduced
kidney function (CrCl: ≥ 30 to < 60 mL/min [cisplatin
unfit] and ≥ 60 mL/min [cisplatin fit]) in a controlled
manner with the stipulation that enrolment would stop if
CrCl rates decreased by more than 50% from baseline in 2
consecutive assessments at least one week apart in 2 of 6
patients in the cisplatin unfit group.
www.oncotarget.com

The initial plan involved enrolling up to 50 patients
each in Cohorts 1 and 2 and up to 60 patients (i.e., 30 unfit
and 30 fit bladder cancer patients) in Cohort 3, for a total of up
to 160 patients. Patients were slated to receive up to 6 cycles
of treatment for Cohorts 1 and 3 or 8 cycles for Cohort 2.
Sparse plasma samples were collected immediately
before (0 hr) and after NC-6004 infusion (1 hr) and prior
to the second gemcitabine infusion (168 hr) in each cycle
from all patients in the Phase II portion of this study for up
to 8 cycles. Concentrations of total platinum and platinum
remaining after ultrafiltration to eliminate free platinum
were measured in all samples. In the Phase Ib portion of
this study, in which the MTD of 135 mg/m2 was identified,
intensive plasma samples were taken for PK profiling at 0,
1, 3, 6, 12, 24, 48, 96, 168, and 336 hours from the start of
NC-6004 infusion from all subjects in Cycles 1, 3, and 5.
Only total platinum concentrations were measured in these
samples; free platinum concentrations could not be measured
due a technical issue. Concentration data were imported into
Phoenix WinNonlin (v8.2, Certara, Princeton, NJ, USA) for
PK parameter calculations in a non-compartmental model.

Statistical analysis
PFS was continuously updated and compared to
historical PFS values from pivotal Phase 3 cisplatin and
gemcitabine studies for patients in each cohort. The PFS
hazard model was updated as PFS data accrued, and a
PFS hazard ratio (HR) compared to the historical control
was obtained for each cohort. Once 10 PFS events were
observed, interim analyses were performed every 6 weeks.
At each interim analysis and the final analysis, there were
3 possible outcomes for each cohort: 1. Futility-10 PFS
events were observed in each cohort and at least 1 of the
following was true: Probability (Promising-HR less than
0.85.) < 0.4; Probability (Phase 3 Success-HR of 0.75)
< 0.4; 2. Success-25 PFS events were observed in each
50-patient cohort and 15 PFS events in each 30-patient
bladder cancer cohort, and Probability (Phase 3 Success)
> 0.8; 3. Inconclusive, neither futility nor success.
Safety and efficacy analysis were conducted for
patients who received at least one drug dose as part of
this study. PFS and OS were estimated using the Kaplan–
Meier method. All analyses were conducted using SAS®
software Version 9.3 (SAS Institute, Inc., Cary, NC,
USA).
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