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Abstract

Purpose: NC-6004, a novel cisplatin nanoparticle devel-
oped using micellar technology exhibits sustained release of
cisplatin and selective distribution to tumors. Preclinical data
demonstrated a favorable tolerability profile and preserved
or improved antitumor activity compared with cisplatin
across animal models. We evaluated the safety and tolera-
bility of NC-6004 and gemcitabine using a Bayesian con-
tinual reassessment model (N-CRM) to determine the opti-
mal dose.

Experimental Design: Patients with advanced solid tumors
received NC-6004 at 60 to 180 mg/m2 on day 1 and gemcitabine
at 1,250mg/m2 on days 1 and 8 every 3 weeks. Dose escalation of
NC-6004 began with a single patient run-in until a dose-limiting
toxicity occurred at 180 mg/m2. Cohorts of four patients were
enrolled at doses predicted by the N-CRM. The maximum toler-
ated dose (MTD)was defined as having the greatest probability of

target toxicity <25%. Quality of life was assessed using EORTC-
QLQ-C30.

Results: Among 22 patients, the most common grade III/IV
hematologic adverse events were leukopenia (68%) and throm-
bocytopenia (59%). Of 20 pretreated patients evaluable for
response, half were previously exposed to a platinum agent. The
MTDwas 135mg/m2. Nine patients were treated at theMTDwith
median treatment duration of 15 weeks (range, 3–50). Tumor
shrinkage occurred in 11 (55%), partial responses in 3 (15%), and
stable disease in 14 (70%). Most patients reported stable or
improved EORTC QLQ-C30 scores.

Conclusions:Greater cisplatin equivalent doses were achieved
withno clinically significant neuro-, oto-, or nephrotoxicity. These
data demonstrate tolerability and promising activity of NC-6004
in combination with gemcitabine. Clin Cancer Res; 24(1); 43–51.
�2017 AACR.

Introduction
Many potent chemotherapies are limited in their use due to

significant toxicities from continuous administration and devel-
opment of resistance over time. Cisplatin is highly active and
widely used for the treatment of a variety of cancers; however, its
use inpractice is limited due to cumulative dose-limiting toxicities
(DLT) and lack of improvement in efficacy despite longer treat-
ment (1–4). Although highly effective, the use of cisplatin is
associated with irreversible ototoxicity and nephrotoxicity (5).

Renal toxicity necessitates the use of prehydration and can pre-
clude patients with deteriorating renal or cardiac function from
receiving cisplatin. Continuous use of cisplatin is associated with
neurotoxicity, myelotoxicity, and gastrointestinal toxicity includ-
ing nausea and vomiting (5, 6). Carboplatin exhibits less neph-
rotoxicity and no ototoxicity and is often used as an alternative for
cisplatin (7). Cisplatin has demonstrated superior activity over
carboplatin in several studies of patients with squamous cell
carcinoma of the head and neck (SCCHN) and bladder cancer
(8–12). Ameta-analysis of randomized trials comparing cisplatin
versus carboplatin-based therapy in patients with bladder cancer
demonstrated that cisplatin-based therapy significantly improved
complete response and overall response compared with carbo-
platin (13). In addition, a meta-analysis of patients with SCCHN
treated with cisplatin-based chemotherapy achieved greater over-
all survival compared with carboplatin (14). In addition, a cis-
platin nanoparticle (NC-6004) was chosen over carboplatin
because it is believed that a nanoparticle cisplatin can overcome
the classic cisplatin DLTs while maintaining or increasing the
activity of cisplatin due to its pharmacokinetic characteristics.

NC-6004 is a novel cisplatin nanoparticle developed using
micellar technology. The nanoparticle is approximately 30 nm
in diameter and consists of a hydrophilic outer shell composed of
polyethylene glycol which extends circulation time in the blood-
stream by preventing the micelles from being captured by the
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reticuloendothelial system and enhancing tumor-specific accu-
mulation (15). The small size of NC-6004 micelles provide an
advantage over other formulations of doxorubicin or paclitaxel
using albuminor liposomal-based nanovehicleswhich are 90 and
130 nm, respectively, and enables greater accumulation and
penetration of poorly permeable organs such as the pancreas
(16). The micelles progressively break down in the presence of
chloride to provide a sustained release of cisplatin and the
polymer. Each micellar nanoparticle contains an average of
720 cisplatin residues. NC-6004 has a narrow polydispersity
index of 0.070 and has a high cisplatin content of 39%. Cisplatin
is nearly uniformly distributed throughout the micelle (17) The
sustained release allows NC-6004 to achieve a lower maximum
concentration (Cmax) and a higher area under the curve (AUC),
resulting in a longer period of systemic cisplatin exposure while
exhibiting a similar toxicity profile to cisplatin. In preclinical
studies, NC-6004 exhibited preferential distribution to tumors,
significantly lowered toxicity compared with cisplatin at equiva-
lent doses, and increased antitumor activity (18). Biodistribution
studies in tumor-bearingmice were performed demonstrating the
highest tissue distribution of released cisplatin (in rank order) in
the kidney, liver, spleen, andmuscle. The NC-6004 accumulation
and AUC ratios (tumor to normal tissues) were 2.0 and 0.97 for

tumor/kidney, 1.6 and 1.3 for tumor/liver, and 1.3 and 1.5
for tumor/spleen, respectively. Ratios >1 illustrate high tumor
selectivity for the nanoparticle. For released cisplatin, higher
selectivity to the kidney and liver were observed (17). Stability
studies in normal saline at 37�C were performed demonstrating
greater than 50% release of cisplatin from the nanoparticle at
120 hours illustrating the breakdown in the presence of chloride
and the reason NC-6004 is reconstituted in 5% dextrose in water
(17). In vitro studies were conducted in eight human, solid tumor
cell lines with fixed concentrations of NC-6004 and increasing
concentrations of gemcitabine. The combination of NC-6004
and gemcitabine demonstrated synergistic effects in cisplatin-
refractory lung, breast, colon, and pancreatic adenocarcinomas.
The in vivo antitumor activity of NC-6004 in combination with
gemcitabine was compared to single agent NC-6004, cisplatin,
gemcitabine, and cisplatin in combination with gemcitabine in
human breast, prostate, and lung tumor xenograft models. Sig-
nificant change in mean tumor size was observed in the NC-6004
and gemcitabine combination compared to NC-6004 alone or
cisplatin alone. Preclinical data also demonstrate that NC-6004
has a favorable tolerability profile (nephrotoxicity and neurotox-
icity) and preserved or improved antitumor activity compared
with cisplatin (19). In a previousNC-6004 clinical trial completed
in the United Kingdom, the ultrafiltrate cisplatin [free, protein
unbound (active)] exposure following NC-6004 administration
in patients with advanced solid tumors was prolonged with a
significantly longer half-life (230-fold increase) and greater AUC
(8.5-fold increase) compared to equivalent cisplatin dose levels.
At 90 mg/m2, the mean half-lives of intact micelles and released
(protein-unbound) cisplatin were 83.5 and 123 hours, respec-
tively. Circulating levels of the therapeutically active form of
cisplatin (released, protein unbound) were regularly quantifiable
out to 500 hours. These characteristics suggest that at the max-
imum-tolerated dose (MTD) of NC-6004, antitumor activity may
be greater than that of cisplatin. In addition, the ultrafiltrate
platinum Cmax of NC-6004 was 34-fold lower than ultrafiltrate
levels of cisplatin at therapeutic doses (20). The lower Cmax is
potentially a clinically significant characteristic, particularly in
patients with poor renal function as high ultrafiltrate platinum
Cmax levels (�400mg/mL) are associatedwith nephrotoxicity and
a decline in creatinine clearance (21). A nanoparticle cisplatin
(NC-6004) with these characteristics has the potential to improve
activity over cisplatin and allow for cisplatin use in subjects who
may otherwise not tolerate cisplatin.

The results from the previous phase I trial of single agent NC-
6004 in patients with solid tumors suggested acceptable tolera-
bility and dose-proportional activity in the treatment of advanced
solid tumors anddefined a recommendeddose of 90mg/m2 (20).
Following this trial, a phase I/II trial in Asia was started in patients
with metastatic pancreatic cancer evaluating escalating doses of
NC-6004 in combination with gemcitabine using a traditional
3þ3 modified Fibonacci dose escalation design. This trial deter-
mined a MTD of 120 mg/m2 and a RP2D of 90 mg/m2 for the
combination. Overall, the combination of NC-6004 and gemci-
tabine was tolerable and demonstrated activity with several
responders.

We conducted anopen-label, nonrandomized, phase Ib/II dose
escalation and expansion trial using a Bayesian Continual
Reassessment Model (N-CRM) assuming the dose–response
relationship could be modeled by a Bayesian two-parameter
logistic model with an uninformative prior (clinicaltrials.gov

Translational Relevance

Although cisplatin is a highly effective anticancer agent and
standard of care in many cancer types, it is associated with
dose-limiting nephrotoxicity, neurotoxicity, and nausea and
vomiting. Carboplatin is another widely available platinum
agent with less nonhematologic toxicity compared with cis-
platin, however is less active than cisplatin in several tumor
types including squamous cell carcinoma of the head and
neck, bladder cancer, testicular cancer, and some patients with
lung cancer where a rapid and more significant response is
needed. In addition, it is still considered a reference regime in
many curative settings. NC-6004 is a cisplatin nanoparticle
developed usingmicellar technology and exhibiting sustained
release of cisplatin and selective distribution to tumors. The
sustained release allows NC-6004 to achieve a higher area
under the curve (AUC) and a lower maximum concentration
(Cmax), resulting in a longer period of systemic cisplatin
exposure. These pharmacokinetic characteristics potentially
lead to an improved activity (higher AUC) and tolerability
profile (lower Cmax) compared with cisplatin. Preclinical data
demonstrate that NC-6004 has a favorable tolerability profile
(nephrotoxicity andneurotoxicity) andpreserved or improved
antitumor activity compared to cisplatin across a variety of
animal models. These data demonstrate tolerability and
promising activity of NC-6004 and gemcitabine warranting
further investigation. In this phase Ib trial of NC-6004 plus
gemcitabine, the MTD was 135 mg/m2, nearly double com-
monly used cisplatin dosewith no clinically significant neuro-,
oto-, or nephrotoxicity. This was achieved by using an adap-
tive, Bayesian N-CRM dose-escalation design which led to an
expedited and higher MTD determination compared with a
traditional modified Fibonacci 3þ3 dose escalation trial
design.
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NCT02043288). The Bayesian CRM model originated from
Neuenschwander andwas simulated, designed, and implemented
using Fixed and Adaptive Clinical Trial Simulator (FACTS) soft-
ware version 5.6 (22). The goals of the phase Ib portion of the trial
were to determine the MTD and RP2D of NC-6004 in combina-
tion with gemcitabine and evaluate the initial activity and toler-
ability profile of the combination. The pharmacokinetics of NC-
6004 was also evaluated. The NC-6004 doses are reported as the
cisplatin-equivalent to facilitate dose comparisons with cisplatin.
The study was approved by the institutional review boards from
all investigative sites and was performed in accordance with the
ethical principles that have their origin in the Declaration of
Helsinki, International Council for Harmonisation GoodClinical
Practice, and all applicable regulations.

Materials and Methods
Patient population

Patients 18 years or older with advanced solid tumors that
relapsed or were refractory to standard curative or palliative
therapy or had a contraindication to therapy were eligible for
enrollment. In addition, patients were required to have measur-
able disease per Response Evaluation Criteria in Solid Tumors
Version 1.1 (RECIST), performance status [Eastern Cooperative
Oncology Group (ECOG) 0–1], adequate bone marrow reserve
(absolute neutrophil count �1.5� 109/L, platelet count�100 �
109/L, and hemoglobin �10 g/dL), and met organ function
criteria [total serumbilirubin<1.5�upper limit of normal (ULN),
alanine transaminase, aspartate transaminase <2.5� ULN or in
patients with documented hepatic metastases�5.0�ULN, serum
creatinine <1.5 mg/dL]. Patients were excluded from enrolling in
the trial if they received platinum therapy 3 months prior to
screening, cisplatin and gemcitabine concomitantly 6 months
prior or were unable to receive platinum-based therapy due
to previous toxicity. Those with uncontrolled comorbidities
(diabetes, hypertension, and liver disease) and cardiovascular
related events within the 6-month period prior to screening were
also excluded.

Trial design
This is an ongoing, open-label, phase Ib/II, dose escalation, and

expansion trial of NC-6004 (nanoparticle cisplatin) plus gemci-
tabine conducted in the United States and Europe. Here we
present the results of the phase Ib dose escalation portion of the
trial. NC-6004was administered as a 1-hour intravenous infusion
on day 1 of each 21-day cycle. All patients were administered a
hydration regimen preinfusion (minimumof 1 L over 1–3 hours)
and post-infusion (minimum of 500 mL over 2 hours) of NC-
6004 with 0.9% sodium chloride (0.45% sodium chloride was
allowed based on investigator discretion). The protocol was
amended to orally or intravenously supplement 8 mEq (1 g) of
magnesium sulfate during the pre-hydration regimen and as
needed if magnesium levels decreased to <1.8mg/dL or the lower
limit of normal (grade1hypomagnesemia). This amendmentwas
made following the observation of grade 1 to 2 hypomagnesemia
in thefirst sevenpatients during thefirst cycle. To reduce the risk of
hypersensitivity reactions, all patients received: an antihistamine
(diphenhydramine 50 mg, ranitidine 50 mg, or 20 mg famoti-
dine) intravenously 30 minutes prior to administration of NC-
6004 and dexamethasone 20 mg orally 12 and 6 hours prior to
NC-6004 and 4mg twice daily for 2 days after the end of infusion.

The use of antiemetic agents was allowed based on the standard
treatment center protocols for cisplatin-based regimens but were
not required. Gemcitabine 1,250 mg/m2 was administered fol-
lowing NC-6004 as a 30-minute intravenous infusion on day 1
and on day 8 of each cycle. Patients were enrolled sequentially in
single patient cohorts from 60 to 180 mg/m2 in 15 mg/m2

increments until a DLT was observed or a patient was treated at
180 mg/m2 for one cycle without a DLT. Patients were not
enrolled at higher dose levels until the patient at the lower dose
level finished one full cycle. A Bayesian continual-reassessment
method was used to determine the dose for the remainder of the
dose escalation when the single patient cohorts ended and incor-
porated the single patient run-in data (21). Four patients were
then enrolled at each dose level predicted by the N-CRM until the
MTD was determined. The N-CRM dose levels were based on a
probability of <25% for the occurrence of a DLT. All patients were
treated until disease progression, unacceptable toxicity, or with-
drawal from trial, whichever occurred first. Patients who discon-
tinued treatment for reasons other than experiencing a DLT prior
to completing the first cycle were replaced. The primary objectives
of the trial were to determine the MTD, RP2D, and tolerability of
NC-6004 when combined with gemcitabine in patients with
advanced solid tumors. The secondary objectives were to evaluate
the safety, quality of life, pharmacokinetics, and antitumor activ-
ity of NC-6004 when combined with gemcitabine. Treatment-
emergent adverse events were graded using the National Cancer
Institute Common Terminology Criteria for Adverse Events Ver-
sion 4.03 (NCI CTCAE). Quality of life was assessed using the
European Organisation for Research and Treatment of Cancer
Quality of Life Questionnaire-Core 30 (EORTCQLQ-C30). Phar-
macokinetic sampleswere collected andplasma concentrations of
micellar platinum, total platinum, and free platinum were mea-
sured and key pharmacokinetic parameters were determined
using noncompartmental analysis.

Dose-limiting toxicity
ADLTwas defined as any of the following conditionsmanifest-

ing in the first cycle of treatment, graded according to the NCI
CTCAE: grade 3 or 4 nonhematologic toxicity (excluding alopecia
and grade 3 nausea and vomiting, diarrhea and electrolyte imbal-
ances lasting less than 48 hours or hypersensitivity reactions),
grade 4 hematologic toxicity, grade 4 decreased neutrophil counts
(<500/mm3) lasting for seven or more days unresponsive to
growth factor support and grade 3 decreased neutrophil counts
(<1,000 to 500/mm3) with a fever of 38�C or greater. During any
treatment cycle, dosing of NC-6004 was suspended for up to
14 days in the event of any DLT or at the discretion of the
investigator for any toxicity possibly related to NC-6004 that did
notmeet DLT criteria. A dose delay ofmore than 14 days required
a patient to be removed from the trial, except in the case of
potential patient benefit. Following recovery to �Grade 1, treat-
ment was resumed at 50% of the original dose based on the
investigator's discretion.

Bayesian continual reassessment model
The dose selection from the Bayesian N-CRM was based on

point estimates for the probability of a DLT at each dose and the
model was continually updated. In the single patient, run-in
phase, the model was updated whenever a patient experienced
a DLT or completed the first cycle. Following single patient run-in
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and for the remainder of the dose escalation, the model was
updated when all four patients enrolled in a cohort experienced a
DLT or complete the first cycle without a DLT. The dose escalation
endedwhen: (i) 10 cohorts were completed, (ii) two cohorts were
treated at theMTD,or (iii) nodose level controlled the probability
of excessive or unacceptable toxicity to be nomore than 25%. The
MTD was identified by the dose level that has the greatest
probability of controlling excessive or unacceptable toxicity to
be no more than 25%.

Results
Patient characteristics

A total of 22 patients, 11males and 11 females, were enrolled at
four sites in the United States during the phase Ib dose escalation
(stratification by gender was not used). The median age was 55
(range, 21–69) years and a majority were Caucasian (N ¼ 13,
59%). Lung cancer was the most common tumor type (N ¼ 11,
50%) followed by SCCHN(N¼3, 14%).Half of the patientswere
previously treated with a platinum-containing regimen (N ¼ 11,
50%). The number of prior systemic regimens were: 1 in 12
patients (55%), 2 in 2 patients (9%), 3 in 3 patients (14%), 4
in 2 patients (9%), and 5 or more in 3 patients (14%). Patient
demographics and baseline characteristics are summarized
in Table 1.

Dose escalation
The number of patients treated at each dose level of NC-6004 is

shown in Table 1. The median treatment duration was 9 weeks
(range, 0–50). Themedian treatment duration at theMTD, which
wasdetermined tobe135mg/m2was15weeks (range, 3–50). The
longest treatment durationobservedwas almost 1 year (50weeks)
in a Caucasian, female patient with non–small cell lung cancer
(NSCLC) previously treated with one prior platinum-containing
regimen. This patient was treated with NC-6004 at the MTD.
Duration of treatment for each individual patient by dose level is
shown in Figure 1. No patients required withdrawal of NC-6004
or a dose reduction at doses lower than 150 mg/m2.

Safety
All 22 patients treated with NC-6004 and gemcitabine were

assessed for safety. Treatment-emergent adverse events (TEAEs)
for all grade and grade 3 to 4 at the MTD and overall are reported
in Table 2. All abnormal laboratory and clinical assessments,
including those that worsened from baseline were recorded as
TEAEs regardless of clinical significance. No treatment-emergent
death was observed. The most common grade 3 and 4 hemato-
logic TEAEs overall and at theMTDwere leukopenia (68%; 78%),
thrombocytopenia (59%; 44%), neutropenia (55%; 67%), lym-
phopenia (45%; 44%), and anemia (27%; 33%) respectively as
shown in Figure 1. No grade 3 or 4 nonhematologic TEAEs were
observed at a frequency higher than 18% overall and 22% in
patients treated at the MTD. A majority of patients received
prophylaxis for nausea and vomiting (73%) and 60% received
a neurokinin-1 antagonist as part of their prophylaxis regimen.
The incidence of grade 3 or 4 nausea or vomiting overall, was 9%
and 5%, respectively. No grade 3 or 4 nausea or vomiting was
observed at the MTD. The change in creatinine clearance for each
patient treated with NC-6004 is shown in Figure 2. Prolonged
administration of NC-6004 at all dose levels was not associated
with any clinically significant changes in renal function. Among
patients with a reduction in creatinine clearance, all occurrences

were after thefirst cycle of treatment andall patients recovered and
remained stable throughout the remainder of treatment.

Theoccurrence ofDLTs is summarized inTable 2.NoDLTswere
observed in patients treated at doses lower than 150 mg/m2.
During the single patient run-in, there was a single case of grade
4 febrile neutropenia in a patient treated with NC-6004 at
180mg/m2. The dose of NC-6004 was subsequently reduced and
the single patient run-in phase ended. Further dosing was deter-
mined by theN-CRM, additional DLTs observed were: one case of
Grade 3 nausea at 165 mg/m2 where no action was taken, one
case of Grade 3 vomiting at 150 mg/m2 where NC-6004 was
withdrawn and three cases of grade 4 thrombocytopenia at
150 mg/m2, where the NC-6004 dose was reduced to 75 mg/m2

in all three patients for the remainder of the trial. One patient had
a study drug dose delay of more than 14 days due to a Grade 4
GGT elevation and was discontinued at cycle 5. Two patients did
not receive a Day 8 gemcitabine dose due to hematologic adverse
events but remained on treatment.

Quality of life
Patients with at least two EORTC QLQ-C30 scores (at baseline

and last assessment) were analyzed for deterioration, improve-
ment, or stability and are presented in Figure 1 (supplement;N¼
18). Absolute score changes �0 were classified as improved or
stable and <0 were classified as deterioration. Of the 18 evaluable
patients, a greater proportion was observed to have an improve-
ment or stability in their scores from baseline.

Antitumor activity
Twenty of the 22 patients were evaluable for radiographic

tumor response assessment. Maximum tumor shrinkage

Table 1. Patient demographics and baseline characteristics

Characteristics
Study Population

(N ¼ 22)

Age, year (median, range) 55 (21–69)
Gender, N (%)
Male 11 (50)
Female 11 (50)

Race, N (%)
White 13 (59)
Black 5 (23)
Asian 1 (4)
Other 3 (14)

Tumor type, N (%)
Lung cancer 11 (50)
Squamous cell head and neck cancer 2 (9)
Endocrine cancer 2 (9)
Sarcoma 2 (9)
Colorectal cancer 2 (9)
Gastro/esophageal cancer 2 (9)
Breast cancer 1 (5)

Prior chemotherapy
Platinum-containing regimen, N (%) 11 (50)
Prior lines of therapy Mean: 2.5 (1 ¼ 12; 2 ¼ 2; �3 ¼ 8)

NC-6004 dose level (mg/m2), N (%)
60 1 (5)
75 1 (5)
90 1 (5)
105 1 (5)
120 1 (5)
135 9 (41)
150 6 (27)
165 1 (5)
180 1 (5)
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displayed as percent change frombaseline is presented in Figure 3.
Activity was observed in heavily pretreated patients, half of whom
were pretreatedwith a prior platinumagent. Tumor shrinkagewas
observed in 11patients (55%)whoseNC-6004doses ranged from
90 to 180 mg/m2, 67% of these patients received prior platinum
therapy. Stable disease was observed in 14 patients (70%) overall
and in four patients at theMTD. The disease control rate was 85%.
Partial responses were observed in three patients (15%), twowith
nonsquamous NSCLC (one patient treated at the MTD and the
other at 180 mg/m2) and one with SCCHN (treated at the MTD)
with amedian duration of response of 16 weeks. The patient with
SCCHN who received three prior lines of chemotherapy was
treated for 15 weeks had a partial response. The two patients
with nonsquamous NSCLC with partial responses each had one
prior line of a platinum-containing chemotherapy regimen and
were treated for 39 and 50 weeks. Durable response was observed
in four patients (SCCHN, N ¼ 2; NSCLC, N ¼ 2). One of the
NSCLC patients with durable response had been previously
treated and progressed on a checkpoint inhibitor. A spider plot
illustrating change in tumor size is presented in Figure 3.

Discussion
NC-6004 is a nanoparticle designed to provide sustained

release of cisplatin and utilizes the enhanced permeability reten-
tion-effect (EPR) to target the release of platinum to tumors (23).
Nanoparticles capitalize on the EPR effect by exploiting abnor-
malities of tumor vasculature, namely hypervascularization,

fenestrated vasculature, and retaining intratumorally via a lack
of a tumor lymphatic drainage system (24). The micelle-based
drug delivery system of NC-6004 has allowed for administration
of cisplatin at much longer durations than used in practice with
cisplatin in a heavily pretreated population. The median treat-
ment duration was 9 weeks with one patient treated for approx-
imately 1 year (range, 0–50 weeks). Notably, we observed no
cumulative cisplatin-related toxicities in some patients with dura-
ble antitumor activity. Using the N-CRM instead of a traditional
3þ3 modified Fibonacci dose escalation design employed in
previous studies of NC-6004, we determined an MTD for NC-
6004 in combination with gemcitabine of 135 mg/m2, which is
higher than that currently approved for cisplatin monotherapy,
where the highest dose used in routine practice is 100 mg/m2 per
cycle. Dose reductions of NC-6004 were due to hematologic
toxicities and vomiting and only occurred at doses exceeding the
MTD. Dose escalation using the N-CRM allowed for greater
exploration of the pharmacologic zone of interest and projected
a higher MTD of NC-6004 and gemcitabine versus a 3þ3 design.

Nausea and vomiting are often significant concerns for apatient
undergoing chemotherapy and can affect overall quality of life.
The 2016 Multinational Association of Supportive Care in Can-
cer/European Society for Medical Oncology guideline for the
prevention of chemotherapy-induced nausea and vomiting clas-
sifies cisplatin as a highly emetogenic chemotherapy and recom-
mend the prophylactic use of antiemetic regimens (25). In this
trial, we did not require the prophylactic use of antiemetic agents
but amajority of patients received prophylaxis based on standard

Figure 1.

Duration of treatment (N ¼ 22).
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treatment center protocols. Most patients received both an NK1
antagonist and a 5-HT3 antagonist; however, several patientswere
managedon a5-HT3antagonist alone.Overall, we observed a low
incidence of severe nausea and vomiting with only 9% of patients
(2/22) experiencing grade 3 nausea or vomiting, all following
doses higher than the MTD. Although we are not able to directly
compare the emetogenicity between NC-6004 and cisplatin, NC-
6004 wasmoderately emetogenic and allowed patients to be well
managed on a 5-HT3 antagonist and a corticosteroid alone. Most
patients reported an improvement or stability in EORTC QLQ-
C30 scores related to nausea and vomiting from baseline.

Dose-related and cumulative renal insufficiency is a major
dose-limiting toxicity of cisplatin therapy. Renal toxicity occurs
in 28% to 36%of patients treated with a single dose of cisplatin at
50 mg/m2 without the use of hydration regimens and becomes
more prolonged and is exacerbated by repeat treatment courses
with cisplatin (5). When cisplatin is administered with prophy-
lactic intravenous hydration, nephrotoxicity is reduced but not
eliminated with patients experiencing a persistent 10% to 25%
mean reduction in glomerular filtration rate with subnormal
recovery suggestive of irreversible damage (26). No patients in
this trial experienced neuro-, oto-, or nephrotoxicity when NC-
6004 was administered with pre- and postintravenous hydration.
In addition, we observed relatively stable renal function through-

out the course of treatment in all patients: no patients treatedwith
NC-6004 had a clinically significant decline in renal function that
was classified as grade 3 or higher by the NCI CTCAE. Four
patients experienced a modest reduction in renal function during
the first cycle of treatment but all recovered to baseline at the next
cycle and renal function remained stable throughout the remain-
der of treatment. The incidence of acute kidney injury with NC-
6004 compared to cisplatin has been evaluated in a previous
phase I population pharmacokinetic and pharmacodynamic
modeling study. Compared to a mean cisplatin dose of 100
mg/m2, 70% of patients who received 100 mg/m2 of NC-6004
did not experience acute kidney injury. With each increasing stage
of acute kidney injury, cisplatin had a proportionally greater
number of cases of acute kidney injury compared to NC-6004
(27). A nanoparticle cisplatin that demonstrates favorable phar-
macokinetics, potential for longer duration of tolerability, prom-
ising dose-proportional activity and reduced toxicity, particularly
nephrotoxicity and neurotoxicity, may expand the successful
delivery and use of platinum agents in the clinic. In addition, we
have observed no known micelle-related adverse events in this
trial or in preceding trials enrolling over 300 patients to date (28).
Polyethylene glycol, a major component of the nanoparticle has
been utilized inmanyother drug delivery systems and is approved
globally with no known associated toxicities (29). These

Table 2. Treatment emergent adverse events (TEAE)

Adverse event, N (%)

NC-6004
135 mg/m2

All Grade (N ¼ 9)

NC-6004
135 mg/m2

Grade 3-4 (N ¼ 9)
Overall all grade

(N ¼ 22)
Overall

grade 3–4 (N ¼ 22)

Total TEAEs 516 77 139 183
At least one TEAE 9 (100) 8 (89) 22 (100) 18 (82)
Leukopenia 9 (100) 7 (78) 21 (95) 15 (68)
Thrombocytopenia 9 (100) 4 (44) 21 (95) 13 (59)
Neutropenia 8 (89) 6 (67) 18 (82) 12 (55)
Lymphopenia 5 (56) 4 (44) 12 (55) 10 (45)
Anemia 6 (67) 3 (33) 16 (73) 6 (27)
Fatigue 6 (67) 2 (22) 12 (55) 4 (18)
Hypomagnesemia 9 (100) 1 (11) 22 (100) 3 (14)
Hyponatremia 5 (56) 1 (11) 12 (55) 3 (14)
Decreased appetite 5 (56) 1 (11) 9 (41) 2 (9)
Dehydration 1 (11) 0 4 (18) 2 (9)
Hyperglycemia 2 (22) 1 (11) 8 (36) 2 (9)
Hypokalemia 5 (56) 0 14 (64) 2 (9)
Nausea 9 (100) 0 16 (73) 2 (9)
Prolonged APTT 1 (11) 0 2 (9) 1 (5)
Increased GGT 4 (44) 1 (11) 13 (59) 1 (5)
Increased AST 6 (67) 0 18 (82) 1 (5)
Increased ALT 4 (44) 0 13 (59) 1 (5)
Weight loss 1 (11) 0 4 (18) 1 (5)
Abdominal distension 0 0 1 (5) 1 (5)
Abdominal pain 1 (11) 1 (11) 2 (9) 1 (5)
Diarrhea 3 (33) 0 9 (41) 1 (5)
Dysphagia 0 0 1 (5) 1 (5)
Vomiting 4 (44) 0 9 (41) 1 (5)
General edema 0 0 1 (5) 1 (5)
Pneumonia 1 (11) 1 (11) 1 (5) 1 (5)
Dyspnea 1 (11) 0 3 (14) 1 (5)
Dose-limiting toxicities (DLT)
NC-6004 dose DLT NC-6004 action taken
150 mg/m2 Grade 4 Thrombocytopenia Dose reduced
150 mg/m2 Grade 4 Thrombocytopenia Dose reduced
150 mg/m2 Grade 4 Thrombocytopenia Dose reduced
150 mg/m2 Grade 3 Vomiting Drug discontinued
165 mg/m2 Grade 3 Nausea None
180 mg/m2 Grade 4 Febrile neutropenia Dose reduced
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characteristics may be especially important in indications where
high doses of cisplatin are used in practice (SCCHN) and in
indications such as bladder cancer where cisplatin is the most

effective agent, but approximately half of patients are unable
to tolerate it due to poor renal function. Nanoparticle cisplatin
may also provide an advantage over cisplatin in patients with

Figure 2.

Change in CrCl over treatment duration (N ¼ 22).

Figure 3.

Best response by dose and tumor type and spider plot of change in tumor size (N ¼ 20).

NC-6004/Gemcitabine in Patients with Advanced Solid Tumors

www.aacrjournals.org Clin Cancer Res; 24(1) January 1, 2018 49

D
ow

nloaded from
 http://aacrjournals.org/clincancerres/article-pdf/24/1/43/1930515/43.pdf by guest on 12 D

ecem
ber 2024



comorbidities who are older, have poor performance status and
are unable to tolerate cisplatin.

This trial determined an MTD and RP2D of 135 mg/m2 for
NC-6004 in combination with gemcitabine using an adaptive
Bayesian N-CRM. This was 50% higher than the MTD previously
determined in the NC-6004 trial in Asia that used a traditional
3þ3 modified Fibonacci dose escalation design. When designing
clinical studies, there is substantial uncertainty about the appro-
priate design and how to optimally escalate the drug doses in
patients. A traditional design defines all key trial parameters
a priori and all parameters are held constant throughout the trial.
However, this may not be the optimal design as shown by the
outcome of this trial. As patients are enrolled and treated, infor-
mation accumulates that reduces the uncertainty regarding the
MTD. Adaptive designs such as the Bayesian N-CRM allow for
dynamic modification of key trial parameters based on the accu-
mulating information using a set of predefined rules. By contin-
ually updating themodel, wewere able to determine anMTD that
was substantially higher than was previously determined andwas
well-tolerated inpatientswith advanced solid tumorswithout any
additional clinically significant adverse events (30). Traditional
3þ3modified Fibonacci designmay underestimate the trueMTD,
however there are few examples comparing actualMTDs from two
dose escalation trials (one 3þ3 and one N-CRM) evaluating the
same regimen (31). Here we present one example of a trial where
the N-CRM design optimized the dose and expedited the trial
(largely due to the single-patient run-in) in contrast to prior
NC-6004 phase I trials which used a traditional 3þ3 modified
Fibonacci trial. One limitation of making a direct comparison is
our trial was performed in patients with all advanced solid tumors
from the United States, while the 3þ3 trial was conducted in Asia
in patients with metastatic pancreatic cancer. Despite this, it is an
interesting comparison illustrating the promise ofN-CRMdesigns
in practice. A phase I case study used simulations to evaluate a
N-CRM design versus the 3þ3 method in determining the MTD
and found that on average the N-CRM design had a smaller
average sample size and greater chance at determining the correct
MTDunder almost anydose-toxicity assumption (32).While only
nine patients were treated at the MTD, we observed extended
treatment duration in several patients suggestive of tolerability
and disease control with NC-6004. Part 1 presented here repre-
sents a dose finding study in a heavily pretreated population,
and additional data from the phase II portion of this trial will
allow for a stronger understanding of the long term effects and
activity of NC-6004 treatment at the RP2D in first-line patients.
The 135 mg/m2 dose was determined to the RP2D based on the
tolerability profile and the observation of a dose–response rela-
tionship. This dose warrants further investigation in first-line
locally advanced/metastatic bladder cancer, squamous cell
NSCLC and biliary tract cancers which is ongoing in the phase
II portion of this trial.

Conclusion
The results of the phase Ib portion of this trial have determined

an MTD of NC-6004 that is 50% higher using a Bayesian design
compared to a traditional 3þ3modifiedFibonacci dose escalation
design in a previous trial of NC-6004with no clinically significant
neuro, oto-, or nephrotoxicity. These data demonstrate promising
activity and tolerability of NC-6004 and gemcitabine in heavily
pretreated patients. On the basis of the tolerability and prelim-
inary signal of activity observed, the combinationofNC-6004 and
gemcitabinewarrants further investigation in the ongoing phase II
trial enrolling NSCLC, biliary tract and bladder cancer.
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