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Abstract

Purpose—ASP9853 is an inhibitor of iNOS dimerization, which results in decreased NO 

production. Here we report preclinical pharmacology of ASP9853 and the impact of ASP9853 in 

combination with a taxane on tumor volume in vivo. In addition, a Phase I open-label study of 

ASP9853 plus docetaxel was conducted to assess this combination in patients with advanced solid 

tumors.

Methods—The preclinical efficacy of ASP9853 in combination with a taxane was studied in 

tumor-bearing mice. In the clinic, patients with solid tumors that had progressed or failed to 

respond to previous therapies were treated with once daily ASP9853 in combination with 

docetaxel once every 3 weeks to assess safety and tolerability and to determine the maximum 

tolerated dose (MTD) and the recommended Phase II dose (RP2D) of the combination.

Results—ASP9853 in combination with docetaxel showed greater tumor growth inhibition than 

docetaxel alone against non-small lung cancer xenografts. Twenty patients were treated with 

ASP9853 and docetaxel. Five patients experienced neutropenic dose limiting toxicities. Owing to 

overall toxicity that limited further dose escalation, the ASP9853 concentrations predicted for 

efficacy based on the preclinical data were not achieved. Due to toxicity and lack of clear efficacy, 

the study was terminated without determination of MTD or RP2D.
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Conclusions—Inhibition of iNOS by ASP9853 in combination with docetaxel was not tolerable 

and resulted in the possible potentiation of neutropenia. Manipulation of the iNOS pathway, with 

or without chemotherapy, appears to be more complicated than initially expected.

Keywords

Phase I clinical trial; tumor; ASP9853; taxane; nitric oxide synthase dimerization; docetaxel

Introduction

Nitric oxide (NO) is involved in various physiological functions such as regulation of blood 

pressure, reproductive biology and immune response (for reviews see [1-3]). NO affects 

signal transduction pathways by interacting with metal ligands [4], or modifying protein 

function through nitration, nitrosylation and oxidation [5,6]. Unlike exogenous NO, which 

plays a major role in the cardiovascular system, inducible nitric oxide synthase, iNOS, is 

unlikely to impact the cardiovascular system or affect vasodilation under normal 

physiological conditions because of its low or absent expression [7].

Alongside physiological functions, NO has also been implicated in pathophysiological 

conditions including inflammation [8] and cancer [9]. For cancer, although NO released by 

iNOS [10,11] has been found to have dual pro- and anti-tumorigenic action depending on 

local concentration in vitro and in vivo [9,12-14], the effect of NO on the initiation, 

maintenance and progression of many tumor types is of importance to this study [9]. Studies 

have demonstrated prostate and colon cancer tissue contain higher iNOS expression and/or 

activity than benign hyperplasia tissue [15], or adjacent colonic tissue [16]. Such up-

regulation of iNOS can invoke a chronic inflammatory state in tumor cells making the 

environment suitable for metastatic growth [17].

Alongside a role in tumorigenesis, NO reduces the effect of some cytotoxic agents, 

including platinum and taxanes [18-22]. The mechanisms here are not fully elucidated; 

iNOS inhibition may overcome chemoresistance by making tumor cells more prone to 

apoptosis [21], resulting in in vitro synergism. Taxanes demonstrate antitumor activity in 

many tumor types notably including non-small cell lung cancer (NSCLC) and advanced 

prostate cancer [23-25].

ASP9853 ((2E)-3-(4-chlorophenyl)-N-[(1S)-2-oxo-2-{[2-oxo-2-(4-{[6-(trifluoromethyl)-4-

pyrimidinyl]oxy}-1-piperidinyl)ethyl]amino}-1-(2-pyridinylmethyl) ethyl]acrylamide 

dehydrate) (Supplemental Fig. 1), is an inhibitor of iNOS dimerization, which results in 

decreased NO production [26]. This report details the preclinical pharmacology of 

ASP9853, an in vivo assessment of impact on tumor reduction in combination with a taxane 

and the results of a Phase I open-label study of ASP9853 in combination with docetaxel in 

patients with advanced solid tumors. The primary objectives of the clinical study were to 

determine the safety and tolerability of ASP9853 in combination with docetaxel once every 

3 weeks, and to establish the maximum tolerated dose (MTD) and recommended Phase II 

dose (RP2D). The secondary objectives were to evaluate the antitumor activity and 

determine the pharmacokinetic (PK) profile of ASP9853 in combination with docetaxel.
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Materials and methods

Preclinical pharmacology

All animal experimental procedures were approved by the Institutional Animal Care and 

Use Committee of Astellas Pharma, Inc., and the Tsukuba Research Center of Astellas 

Pharma, Inc., is accredited by AAALAC International. ASP9853 was synthesized at Astellas 

Pharma Inc. (Tokyo, Japan). Docetaxel hydrate (Taxotere® injection) was purchased from 

Sanofi-Aventis Pharma Ltd. (Paris, France). Athymic male nude mice (CAnN.Cg-Foxn1nu/

CrlCrlj) were purchased from Charles River Laboratories, Japan, Inc. (Kanagawa, Japan). 

Human NSCLC cell line Calu-6 was obtained from American Type Culture Collection 

(Manassas, VA, USA). The cells were cultured at 37°C in a 5% CO2 humidified atmosphere 

in RPMI1640 medium (Invitrogen Corp.; Camarillo, CA, USA) supplemented with 10% 

heat-inactivated fetal bovine serum and 50 units/mL penicillin-streptomycin (GIBCO BRL; 

Grand Island, NY, USA).

The antitumor effect of ASP9853 was examined in athymic nude mice subcutaneously 

xenografted with the human NSCLC cell line Calu-6. The cells were subcutaneously 

inoculated into the flank of the athymic mice at 3 × 106 cells/0.1 mL/mouse. After tumors 

were established (reaching from 100 to 400 mm3 in volume), mice were divided into 

treatment groups on Day 0 to minimize the difference in mean tumor volumes of each 

group. After tumors were established, control (control group were untreated [as 0.5% MC 

did not affect tumor growth in preliminary study [data not shown]), docetaxel alone, 

ASP9853 suspended in 0.5% methylcellulose (0.5% MC), or ASP9853 plus docetaxel were 

administered. Docetaxel was administered at 10 mg/kg/day IV on Day 1, 5, 9 and ASP9853 

at 100 mg/kg oral, twice daily during the study period. Tumor volume was determined by 

calculating the volume of an ellipsoid using the formula: length × width2 × 0.52 [27], and 

measured at least twice a week using a digital caliper.

Clinical study summary

The clinical trial design was a Phase I, multicenter, open-label, dose-escalation study 

(ClinicalTrials.gov Identifier: NCT01705483) of ASP9853 in combination with docetaxel 

conducted in accordance with the protocol, Good Clinical Practice, International Committee 

on Harmonisation and ethical principles that have their origin in the Declaration of Helsinki. 

An Independent Ethics Committee or Institutional Review Board reviewed the ethical, 

scientific, and medical appropriateness prior to study. Written informed consent was 

obtained from all patients before screening.

Patient population

Adult patients (aged ≥ 18 years) with histologically or cytologically confirmed incurable, 

locally advanced, or metastatic non-hematologic malignancies that progressed or failed to 

respond to therapies known to have clinical benefit, were eligible. Inclusion criteria included 

Eastern Cooperative Oncology Group (ECOG) performance status ≤ 1 and a life expectancy 

of over 12 weeks. Adequate bone marrow, renal and hepatic function were required: 

absolute neutrophil count (ANC) ≥ 1500 cells/mm3, platelet count ≥ 100,000 cells/mm3, 

hemoglobin ≥9 g/dL, serum creatinine ≤ 1.5 × upper limit of normal (ULN) or calculated 
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creatinine clearance ≥60 mL/min if serum creatinine was >1.5 × ULN, total bilirubin ≤ 1.5 × 

ULN, aspartate aminotransferase or alanine aminotransferase ≤ 3 × ULN (or <5 × ULN in 

subjects with liver metastases or hepatocellular carcinoma).

Exclusion criteria included three or more prior treatment regimens containing a cytotoxic 

agent (for example prior taxane therapy was allowed if it did not constitute three or more 

treatment regimens), previous anaphylactic or hypersensitivity reaction to taxanes, receipt of 

systemic chemotherapy within 21 days, and receipt of strong inhibitors/inducers of 

cytochrome P450 3A4 within 2 weeks prior to the start of study treatment (CYP3A4 is the 

major cytochrome P450 CYP isozyme involved in ASP9853 metabolism)..Patients were 

also excluded if they had central nervous system metastases or leptomeningeal involvement, 

peripheral neuropathy greater than Grade 1; known hepatitis B/known suspected active 

hepatitis C/known human immunodeficiency virus positivity; significant/uncontrolled 

cardiac, renal or hepatic disease, other systemic disorders or psychological condition, or 

electrocardiogram abnormalities.

Study design

This Phase I study followed a lead-in and dose-escalation phase design. Dose-escalation 

rules were determined by ASP9853 safety outcomes in each dose cohort. Hematologic dose-

limiting toxicities (DLTs) were Grade 3 or 4 neutropenia with fever and/or documented 

infection (where fever was defined as an oral temperature ≥ 38.5°C), Grade 4 neutropenia 

(ANC < 500 cells/mm3) or Grade 4 thrombocytopenia (platelets < 25,000 cells/mm3 but > 

10,000 cells/mm3) lasting over seven consecutive days, or Grade 3 or 4 thrombocytopenia 

with bleeding, or a platelet count less than 10,000 cells/mm3 at any time. Non-hematologic 

DLTs were any ≥Grade 3 non-hematological toxicity (excluding nausea, vomiting, diarrhea, 

anorexia, fatigue), nausea, vomiting and diarrhea of ≥ Grade 3 severity despite receiving 

optimal prophylaxis and/or treatment, any study drug-related toxicity resulting in a treatment 

delay of over 2 weeks, or any study drug-related toxicity resulting in discontinuation of 

treatment at the patient’s assigned dose level.

If any of the above DLTs were clearly related to docetaxel, then docetaxel administration 

could be interrupted or modified and ASP9853 treatment continued. If the docetaxel toxicity 

did not resolve to ≤ Grade 1 or baseline severity after omission, then ASP9853 was also 

interrupted until resolution of the toxicity to ≤ Grade 1 or baseline severity.

ASP9853 MTD was defined as the highest dose level tested in which no more than one of a 

minimum of six subjects experienced a DLT during Cycle 1. DLTs were graded according 

to the National Cancer Institute Common Toxicity Criteria version 4.0.

Treatment for each patient began with a 7-day lead-in period before Cycle 1 only, in which 

ASP9853 was administered as a single agent once daily on Days -7 to -1. Following 

completion of the 7-day lead-in period in Cycle 1, and for all subsequent 21-day cycles 

(Cycles ≥2), ASP9853 was dosed once daily continuously in combination with docetaxel 

administered as an IV infusion on Day 1 of each 21-day cycle.
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An accelerated dose-escalation phase was initiated in single-subject cohorts based on the 

three accelerated escalation rules shown in Supplemental Table 1. The traditional 3+3 dose 

escalation phase was followed according to whether the patients experienced none, one, or 

two or more ASP9853 DLTs (Supplemental Table 1).

Dosing in the cohorts were as follows: cohort 1: ASP9853 25 mg; docetaxel 60 mg/m2; 

cohort 2: ASP9853 25 mg; docetaxel 75 mg/m2; cohort 3: ASP9853 37.5 mg; docetaxel 60 

mg/m2; cohort 4: ASP9853 50 mg; docetaxel 60 mg/m2. All patients were assessed for 

toxicities before being allowed to continue to subsequent cycles. Patients who continued 

therapy beyond Cycle 1 continued to receive ASP9853 at the dose assigned to their cohort 

until they discontinued from the study.

The planned ASP9853 RP2D was the dose level determined by the Sponsor and 

Investigators to be suitable for Phase 2 testing based on overall observed tolerability of 

study treatment (same or lower than MTD).

Study procedures

Imaging was performed at screening (baseline) and minimally every two cycles from Cycle 

1, Day 1 (window of +1 week).

Blood samples were taken for ASP9853 PK assessment on the following days: Cycle 1: 

Days -7, -1, and 1 (Cohort 3 only, Days -6, -2, and 1) pre-dose and at 0.25, 0.5, 1, 2, 3, 4, 6, 

8, and 24 hours following ASP9853 dose; Days 8 and 15 pre-dose and Cycles ≥2: Day 1 

pre-dose. For docetaxel PK assessment samples were taken on Cycle 1, Day 1 pre-dose and 

at 0.5, 1 (at end of docetaxel infusion), 1.5, 2, 3, 4, 6, 8, and 24 hours (immediately prior to 

ASP9853 dose on Day 2).

For ASP9853, PK parameters assessed included: area under the plasma concentration-time 

curve (AUC) at 24 hours (AUC24), maximum concentration (Cmax), time to attain Cmax 

(tmax) and apparent terminal elimination half-life (t1/2). For docetaxel, PK parameters 

included AUC24, Cmax, tmax, and t1/2.

Statistical analyses

Preclinical sets—Values were expressed as the mean ± the standard error of the mean 

(SEM). The unpaired Student’s t-test was used for comparison in tumor volume between 

docetaxel alone and the combination with ASP9853 at the end of study (Day 41). P values of 

less than 5% were considered to be significant. GraphPad Prism software (version 5, La 

Jolla, CA, USA) was used for data processing.

Clinical sets—No formal hypotheses were tested in this study, analyses were descriptive 

and exploratory. The safety set (SAF) was defined as all patients who received at least one 

dose of study drug. The full analysis set (FAS) contained all enrolled patients.

Pharmacokinetic profiles of ASP9853 and docetaxel were assessed in all patients who 

received at least one dose of study drug and provided drug concentration values for at least 

one time point.

Luke et al. Page 5

Cancer Chemother Pharmacol. Author manuscript; available in PMC 2017 March 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Antitumor activity was based on the Response Evaluation Criteria in Solid Tumors 

(RECIST) Version 1.1 [28].

Results

ASP9853 preclinical antitumor effect

ASP9853 alone had no antitumor activity in the Calu-6 NSCLC xenograft model. However, 

the combination of ASP9853 with docetaxel produced significantly greater tumor growth 

inhibition than docetaxel alone, such that tumor volume at the end of study (Day 41) in mice 

treated with the combination was only 35% (P<0.05) of that achieved with docetaxel 

monotherapy (Fig.1).

ASP9853 in combination with another taxane, paclitaxel, was also confirmed to produce 

significantly greater tumor growth inhibition compared with paclitaxel alone (data not 

shown). ASP9853 in combination with paclitaxel also produced greater tumor growth 

inhibition in mice in other xenografts including breast cancer (MDA-MB-231), ovarian 

cancer (MCUAS) and prostate cancer (PC-3) (data not shown).

Phase I clinical study

Baseline patient characteristics and treatment—Between August 2012 and June 

2014, twenty-two patients were enrolled in the study. However, one patient discontinued 

before receiving any study drug, and hence the demographics are reported for 21 patients in 

Table 1. One patient discontinued after receiving ASP9853 monotherapy so did not continue 

to receive taxane combination therapy, so that the safety and PK analyses sets are comprised 

of 20 patients. Most patient demographics and baseline disease characteristics were 

comparable between cohorts (Table 1). The mean age of the patients was 59.4 years and 

approximately 24% and 76% had ECOG performance status 0 and 1, respectively, at 

screening. The most prevalent tumor types were lung (30%), prostate (15%), esophagus and 

bladder (10% each). All patients received chemotherapy prior to study entry (50% had 

received a prior taxane, 85% had prior surgery/procedures and 85% had prior radiation 

treatments. Weight and body mass index (BMI) were slightly lower in Cohort 2 than the 

other cohorts.

Dose escalation and dose-limiting toxicities—Five patients experienced AEs that 

were considered to be potential DLTs. Two of these patients experienced AEs that were 

treated as DLTs but after review did not meet the formal protocol-defined DLT criteria. The 

three patients who met the protocol-defined DLT criteria were in Cohorts 1 and 2.

Cohort 1 was initiated as a single-patient cohort at 25 mg ASP9853 with 60 mg/m2 

docetaxel based on accelerated escalation rules (Table 2). Although it did not meet the DLT 

criteria, a Grade 3 neutropenia was noted in Cohort 1, triggering the transition from single 

patient cohorts to the more conservative dose-escalation schema of 3+3 dose design. Cohort 

2 was opened at 25 mg ASP9853 with 75 mg/m2 docetaxel. Cohort 2 exceeded the MTD 

with two of the three patients experiencing neutropenic fever DLTs. Based upon review of 

the Cohort 2 data and in agreement with the Investigators, expanded safety testing of 25 mg 

ASP9853 + 60 mg/m2 docetaxel (expansion of Cohort 1) was undertaken. One patient 
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experienced febrile neutropenia meeting the DLT criteria in the Cohort 1 expansion. 

Docetaxel dose was reduced to below standard of care (from 75 to 60 mg/m2) due to fever 

and neutropenia requiring growth factor support.

Patients in Cohort 3 received 37.5 mg ASP9853 with 60 mg/m2 docetaxel; three patients 

were included and no DLTs were observed. Three patients in Cohort 4 received 50 mg 

ASP9853 with 60 mg/m2 docetaxel. One DLT occurred (leukopenia and neutropenia) and 

the cohort was expanded to include four more patients. One additional DLT (leukopenia and 

neutropenia) occurred in the Cohort 4 expansion. Both of these DLT events in Cohort 4 and 

Cohort 4 expansion did not meet the formal protocol-defined DLT criteria (the Grade 4 

neutropenia and leukopenia were consistent with data observed in previous cohorts; dose 

escalation was not allowed due to pending internal review of aggregate data resulting in 

program termination).

Safety and tolerability—The most commonly reported AEs (in ≥30% of patients) 

receiving ASP9853 in combination with docetaxel, regardless of relationship to study drug, 

were neutropenia (50.0%), fatigue (45.0%), nausea (35.0%), decreased white blood cells 

(35.0%), alopecia (30.0%), and decreased appetite (30.0%). Similarly, fatigue, decreased 

white blood cells, diarrhea, neutropenia, nausea and vomiting were the most commonly 

reported AEs possibly related to ASP9853 in combination with docetaxel across the cohorts 

(Table 3). The incidence of AEs possibly related to ASP9853 in the lead-in phase was low 

(overall 7 [35%]; leukopenia, gastrooesophageal reflux disease, nausea, vomiting, asthenia, 

QT prolonged electrocardiogram, arthralgia, pollakiuria, all n=1).

There were two deaths during the study: one patient died due to progressive disease between 

Day -7 and -2 during the ASP9853 lead-in period prior to the first dose of docetaxel. This 

patient had esophagogastric junction cancer with metastases to the bone, lung, liver, node 

and left suboccipital lobe. A second patient in Cohort 2 died as a result of sepsis, aspiration 

of water, respiratory failure, and hypotension 12 days after ASP9853 discontinuation. 

Neither of these deaths were considered to be related to either ASP9853 or docetaxel.

Three patients had AEs that led to treatment discontinuation. In Cohort 2 one patient 

discontinued ASP9853 on Day 14. They experienced febrile neutropenia concurrent with 

diarrhea; both febrile neutropenic fever and diarrhea were considered probably related to 

both ASP9853 and docetaxel; an episode of neutropenia in this patient was deemed not 

related to ASP9853, but probably related to docetaxel. As described above, another patient 

in Cohort 2 died. One patient in Cohort 4 permanently discontinued study drug due to 

disease progression and worsening chronic right shoulder pain (not treatment related).

Serious adverse events—A total of 7 patients (35%) experienced 18 serious adverse 

events (SAEs). Febrile neutropenia was observed in three patients (Cohort 1, n=1; Cohort 2, 

n=2); neutropenia and leukopenia were both reported in two patients in Cohort 4. Other 

SAEs, which were reported in only one patient each, were observed during the lead-in phase 

(atrial fibrillation), during treatment in Cohort 1 (upper abdominal pain, neck pain, 

metastases to central nervous system, leucocytosis), and Cohort 2 (diarrhea, fatigue, sepsis, 

pneumothorax, respiratory failure, aspiration, hypotension).
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The SAEs considered related to ASP9853 were leukopenia (Cohort 4, n=1), febrile 

neutropenia (Cohort 2, n=2), neutropenia (Cohort 4, n=1), and diarrhea (Cohort 2, n=1).

Laboratory and vital evaluations—All patients experienced neutropenia during 

treatment. At baseline, 17 patients had normal neutrophil counts and three patients had 

Grade 1 neutropenia. Post-baseline, three patients had a maximum Grade 1 neutropenia; two 

Grade 2; six Grade 3; and eight Grade 4.

No clinically significant changes from baseline were observed in liver function tests, vital 

signs, or electrocardiogram (ECGs).

Drug exposure and disposition—The median (range) duration of ASP9853 exposure 

during the study was 49.0 days (6–203). Fifteen percent of patients had exposure of less than 

or equal to 28 days, whereas 60.0% of patients had exposure of 28–56 days. One and four 

patients had exposures of 56–78 and more than 78 days, respectively.

The four patients receiving ASP9853 for over 78 days had the following tumor types: 

NSCLC [last dose day: 93]; renal [last dose day: 119], prostate [last dose day: 203] and 

SCLC [last dose date: 132). For docetaxel, the median (range) number of cycles was 2.0 (1–

9).

Treatment was interrupted in eight patients (reasons given for interruptions included febrile 

neutropenia, leukopenia, neutropenia and non-serious fatigue) and ASP9853 dose was 

reduced during the study in one patient. The primary reason for discontinuation was 

progressive disease (81.0%).

ASP9853 and docetaxel pharmacokinetics—For Cycle 1/Day 1 the median AUC24 

for ASP9853 in cohorts 1, 2, 3 and 4 was 3769, 8839, 7075 and 6922 hr*ng/mL, 

respectively (Fig. 2a) and the median ASP9853 Cmax in Cohorts 1, 2, 3, and 4 were 747, 

1019, 2450, and 1490 ng/mL, respectively. ASP9853 was absorbed with a Tmax within 0.5–

4.2 hours. Median plasma ASP9853 concentrations 24 hours after administration were 

approximately 11% or less of the peak concentration. The median half-life for ASP9853 in 

the four cohorts ranged between 3.5 and 6.8 hours and more than 95% of ASP9853 was 

cleared from plasma within 24 hours after administration.

The median AUC24 for docetaxel by cohort and summary of docetaxel PK parameters for 

Cycle 1/Day 1 are shown in Fig. 2b. The effect of docetaxel on ASP9853 PK parameters 

was assessed, showing that the ratio of Cmax Day -1 (no docetaxel) to Cmax Day 1 

(docetaxel) ranged from 70.1 to 107.9%. Overall when administered in combination with 

docetaxel, ASP9853 plasma exposure, as measured by AUC24, appeared lower; however, 

the cohort sample size was too small to determine statistical significance (data not shown).

Pharmacokinetics and neutrophil kinetics for patients experiencing 
neutropenic DLTs—ASP9853 plasma concentrations in the patients who experienced 

neutropenic DLTs (<500 cells/mm3 for more than 7 consecutive days), their ASP9853 

plasma concentrations were compared with those in other patients within the cohort and with 

the overall median concentration achieved in the cohort (Fig. 3). There was high interpatient 
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variability with no clear difference in ASP9853 PK profiles observed between patients with 

and without neutropenic DLTs.

Similarly, ANCs for patients experiencing neutropenic DLTs were compared with the 

median for the cohort (Supplemental Fig. 2).

Efficacy—Eighteen patients remained on study long enough to receive restaging scans 

hence were evaluable for response, though no objective radiographic responses were 

observed. Eight patients (38.1%) had a best overall response of stable disease, which was 

maintained for a mean (SD) of 49.4 (47.2) days (median [range]: 78 [1–133]) days).

Study termination—Based on the observed toxicities, inability to escalate to full dose 

docetaxel and lack of objective responses, the study was terminated by the sponsor without 

determination of MTD and RP2D.

Discussion

This was a Phase I study investigating the iNOS inhibitor ASP9853 in combination with 

docetaxel for the treatment of solid tumors, in which toxicity limited both dose escalation 

and further clinical development. This clinical study followed preclinical investigations 

finding a greater degree of tumor growth inhibition with ASP9853 plus docetaxel versus 

docetaxel alone. This first-in-human Phase I study investigated whether ASP9853 plus 

docetaxel showed any activity against advanced solid tumors in vivo and was well tolerated.

Pharmacokinetic parameters in patients with advanced solid tumors showed that ASP9853 

plasma concentrations peaked quickly (within 1–2 hours after administration) with a half-

life between 3 and 6 hours. When ASP9853 was administered in combination with 

docetaxel, ASP9853 plasma exposure appeared lower; however, the statistical significance 

of this finding was difficult to determine due to the small number of subjects in each cohort. 

The docetaxel PK, when in combination with ASP9853, appeared similar to that reported for 

docetaxel alone [29].

Although fever and neutropenia are common with taxane treatment, and the overall kinetics 

of neutropenia appeared similar to that of docetaxel alone, ASP9853 appeared to potentiate 

the neutropenia and leukopenia associated with docetaxel, as the severity and duration of 

such events were marked in some patients and more than would be expected from docetaxel 

alone [30]. Despite no changes in docetaxel exposure, a mechanism is not immediately 

clear, hence this toxicity suggests that iNOS inhibition may have direct effects on the 

myeloid compartment and potentiate taxane-induced neutropenia.

The combination of ASP9853 and docetaxel did not produce objective responses, and stable 

disease achieved was of modest duration. The ASP9853 concentrations predicted for 

efficacy based on the preclinical data were not achieved in this clinical study as dose 

escalation was limited by the increase in docetaxel-related toxicity above what would be 

expected from docetaxel alone. In addition, to mitigate toxicity, the docetaxel dose was 

reduced to 60 mg/m2, which is below the standard of care (75 mg/m2). It is also important to 

note, however, that some of the included patients had tumor types where taxanes are known 
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to be of limited benefit (eg. melanoma) or who had previously progressed on a taxane-based 

regimen (50% in this study).

These likely impacted the antitumor activity observed and emphasize that modulation of the 

iNOS pathway may limit dosing of taxane chemotherapy. Despite the preclinical evidence 

for the attenuation of tumor cytotoxicity of anticancer drugs by NO [18-21], the attenuation 

of docetaxel by ASP9853 was not substantiated in this clinical study due to toxicity and lack 

of efficacy. These findings may impact other such combinations of iNOS inhibitors and 

chemotherapeutic agents investigated in a clinical setting.

Based on the experience in this trial, iNOS inhibitors may be difficult to administer in 

combination with standard chemotherapy. A more productive approach may involve 

combinations with immune checkpoint blockade. iNOS plays a role in the activation and 

recruitment of myeloid-derived suppressor cells (MDSCs); therefore, iNOS inhibition may 

reverse MDSC accumulation and consequent immunosuppression [31-34]. Currently, 

another iNOS inhibitor, RTA408, is being studied in combination with ipilimumab in 

patients with advanced melanoma [https://clinicaltrials.gov/ct2/show/NCT02259231]).

In conclusion, inhibition of iNOS in combination with taxane chemotherapy was not found 

to be feasible in patients with advanced solid tumors. The therapeutic value of such an 

approach could not be fully investigated and alternative approaches for combining 

chemotherapy with modulation of NO biology will be necessary, in addition, further insight 

into the mechanisms of the neutropenia observed will be required. Manipulation of the iNOS 

pathway, with or without chemotherapy, appears to be more challenging than initially 

anticipated.
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Fig. 1. 
Preclinical effects of ASP9853: Time-course changes of tumor volume in mice xenografted 

with Calu-6 cells receiving a single cycle of ASP9853 alone, docetaxel alone and ASP9853 

combination with docetaxel

The plot represents the mean (SE) of 6 animals. #P<0.05 versus docetaxel group (Student’s 

t-test). DTX, docetaxel. Control is untreated.
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Fig. 2. 
ASP9853 and docetaxel PK profiles by cohort on Cycle 1/Day 1. a. Median plasma 

concentration of ASP9853 (graph) and median ASP9853 PK parameters (table); b. Median 

plasma concentration of docetaxel (graph) and median docetaxel PK parameters (table)

Values are median (range). Data from the PKAS
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Fig. 3. 
By-patient and median ASP9853 plasma concentration (Cycle 1, Day 1)
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Table 1

Patient demographics and baseline disease characteristics

Parameter/statistic Totala (n=21)

Sex

 Male, n (%) 15 (71.4)

 Female, n (%) 6 (28.6)

Race

 White 19 (90.5)

 Black or African American 2 (9.5)

 Asian 0

 American Indian/Alaska Native 0

 Native Hawaiian/other Pacific Islander 0

 Other 0

Age (years)

 Mean (SD) 59.4 (11.25)

 Median (range) 60.0 (36–87)

Weight (kg), mean (SD) 76.6 (18.06)

Height (cm), mean (SD) 171.7 (8.27)

BMI (kg/m2)b, mean (SD) 26.0 (5.77)

ECOG status, n (%)c

 Grade 0 5 (23.8)

 Grade 1 16 (76.2)

Primary tumor type, n (SAF) n=20

 Lung 6

 Prostate 3

 Bladder 2

 Esophagus 2

 Other 2

 Bile duct 1

 Gastroesophageal junction 1

 Kidney 1

 Pancreas 1

 Skin 1

Prior chemotherapy, n (%) (SAF) 20 (100.0)

 Prior taxane, n (%) 10 (50.0)

Prior surgery/procedures, n (%) 17 (85.0)
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Parameter/statistic Totala (n=21)

Prior radiation treatment, n (%) 17 (85.0)

From FAS (all enrolled patients), unless specified. SAF, safety analysis set (all patients all patients who received at least one dose of study drug);

a
Total refers to ‘Total ASP9853 combination with docetaxel;

b
Body mass index (BMI) = weight (kg)/height (m2);

c
At screening
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Table 2

Dose escalation and DLTs
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