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Abstract

Background—Aurora kinase overexpression or amplifications are associated with high 

proliferation, poor prognosis, and therapeutic resistance in human tumors. AMG 900 is an 

investigational, oral, selective pan-Aurora kinase inhibitor.

Methods—This first-in-human trial included dose-escalation and dose-expansion phases 

(ClinicalTrials.gov: NCT00858377). Dose escalation evaluated the safety, tolerability, and 

pharmacokinetics of AMG 900 in advanced solid tumors and determined the maximum tolerated 

dose (MTD) with/without granulocyte colony-stimulating factor (G-CSF) prophylaxis. Dose 

expansion evaluated clinical activity in three tumor types: taxane- and platinum-resistant ovarian 
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cancer, taxane-resistant triple-negative breast cancer (TNBC), and castration-resistant and taxane- 

or cisplatin/etoposide-resistant prostate cancer (CRPC). AMG 900 was administered 4 days on/10 

days off at 1–50 mg/day during escalation and at the MTD with G-CSF during expansion.

Results—AMG 900 showed rapid absorption with fast clearance, supporting once-daily dosing. 

The MTD was 25 mg/day, increasing to 40 mg/day with G-CSF. Grade ≥ 3 treatment-related 

adverse events included neutropenia (37%), anemia (23%), leukopenia (14%), and 

thrombocytopenia (12%). During dose expansion, 3/29 (10.3%, 95% CI: 2.0%–28.0%) evaluable 

patients with ovarian cancer experienced partial response by central imaging per RECIST 1.1; 

median duration of response was 24.1 weeks (95% CI: 16.1–34.1). Seven patients (24.1%, 95% 

CI: 10.3%–43.5%) experienced partial response per Gynecologic Cancer InterGroup criteria; 5/9 

patients positive for p53 expression responded to treatment. No objective responses were observed 

in patients with TNBC or CRPC per RECIST 1.1.

Conclusions—AMG 900 40 mg/day with G-CSF had manageable toxicity and demonstrated 

single-agent activity in patients with heavily pretreated, chemotherapy-resistant ovarian cancer.
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Introduction

Aurora kinases are a family of serine/threonine protein kinases critical to cell division [1, 2]. 

Aurora kinases A and B are amplified and/or overexpressed in many malignancies, including 

ovarian, breast, and prostate cancers, and are associated with elevated tumor proliferation, 

poor prognosis, and resistance to treatment [3–5]. Inhibition of Aurora kinases is an active 

area of investigation for the treatment of various cancers [6–8].

Aurora kinases A and B have unique roles in the cell; although inhibitors of both proteins 

induce apoptosis, they do so through distinct mechanisms. Aurora A is important for 

centrosome maturation, spindle assembly, and meiotic maturation and metaphase I spindle 

orientation [1, 9]. Inhibition of Aurora A leads to transient spindle checkpoint-dependent 

mitotic arrest, followed by p53- and p21-dependent apoptosis [10]. Aurora B is part of the 

chromosomal passenger complex that is necessary for chromosome condensation and 

chromosome orientation on the mitotic spindle, as well as the final stages of cytokinesis [1, 

9]. Inhibition of Aurora B disrupts the mitotic spindle checkpoint, preventing cytokinesis 

and leading to polyploidy and endo-reduplication followed by apoptotic cell death [10, 11].

Aurora kinase inhibitors have the potential to be efficacious in tumors that are resistant to 

agents that target tubulin (eg, taxanes, epothilones, vinca alkaloids) while avoiding the 

peripheral neuropathy that comes from disrupting tubulin dynamics in nondividing neural 

cells [7, 12]. Inhibition of both Aurora kinases A and B may have certain advantages, most 

notably reduced possibility of resistance as a result of hitting multiple antitumor targets, but 

because of their antimitotic mechanism of action, Aurora kinase inhibitors have been 

associated with hematologic toxicities such as neutropenia and febrile neutropenia [7, 13, 

14] and have a narrow therapeutic window. Finding a dose and schedule that successfully 
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inhibit tumor growth without excessive toxicity has therefore been challenging and has 

limited the successful development of this drug class [15].

AMG 900 is an investigational, orally administered, selective, small-molecule pan-Aurora 

kinase inhibitor that causes premature mitotic exit without cell division [16], leading to 

increased cell ploidy and tumor cell death through apoptosis or senescence [12]. In 

preclinical studies, AMG 900 inhibited the proliferation of cell lines from a variety of tumor 

types including several that were resistant to paclitaxel [16]. Similarly, in mouse models, 

AMG 900 inhibited growth of xenografts of diverse tumor types that were resistant to either 

docetaxel or paclitaxel [16]. In this first-in-human clinical study, we assessed the safety, 

tolerability, pharmacokinetics, and clinical activity of AMG 900 in patients with advanced 

solid tumors.

Methods

Study design

This was a phase 1, first-in-human, open-label study conducted in two parts. Part 1 was a 

sequential dose-escalation phase, separated into accelerated (one patient/cohort) and 

nonaccelerated (three to six patients/cohort) parts. Part 2 was a dose-expansion phase 

(Supplementary Fig. 1). The study was conducted at nine centers in Australia and the United 

States in accordance with International Conference on Harmonisation Good Clinical 

Practice regulations/guidelines. An independent ethics committee/institutional review board 

at each study center approved the protocol. All patients provided written informed consent. 

The primary objectives were to evaluate the safety, tolerability, and pharmacokinetics of 

AMG 900 in patients with advanced solid tumors; to determine the maximum tolerated dose 

(MTD; part 1 only); and to evaluate the clinical activity in patients with breast, ovarian, and 

prostate cancers (part 2 only). The secondary objectives included evaluation of change in 

tumor volume and tumor response. Exploratory objectives included biomarker analysis of 

archived tumor samples.

Study endpoints

The primary endpoints of this study were safety, including incidence of adverse events 

(AEs), dose-limiting toxicities (DLTs), and clinically significant changes in vital signs, 

weight, electrocardiograms (ECGs), and clinical laboratory tests; pharmacokinetics; and 

response rate in patients with taxane- and platinum-resistant ovarian cancer, taxane-resistant 

triple-negative breast cancer (TNBC), or castration-resistant and taxane- or cisplatin/

etoposide-resistant prostate cancer (CRPC) by Response Evaluation Criteria In Solid 

Tumors (RECIST) and by Gynecologic Cancer InterGroup (GCIG) CA 125 criteria for 

patients with ovarian cancer (part 2 only). Secondary endpoints included change in tumor 

volume from baseline per volumetric computed tomography (CT) or magnetic resonance 

imaging (MRI), tumor response per RECIST as well as per GCIG CA 125 criteria in patients 

with ovarian tumors. Key exploratory endpoints included tumor biomarkers: TP53 mutation 

and p53 expression; levels of biomarkers Aurora A, Aurora B, p53, and p21, and Ki-67 

(marker of cell proliferation) by immunohistochemistry (IHC); and Aurora A (AURKA) 
amplification by fluorescence in situ hybridization (FISH).
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Patients

Patients were ≥ 18 years old with advanced solid tumors refractory to standard treatment, for 

which no standard therapy was available, or for which the patient refused standard therapy. 

Patients had to have an Eastern Cooperative Oncology Group (ECOG) performance status 

≤2; life expectancy >3 months; measurable disease by RECIST; and adequate hematologic, 

renal, and hepatic functions. In the dose-expansion phase, patients with three tumor types 

were enrolled: (1) platinum-resistant and taxane-resistant epithelial ovarian cancer 

(measureable per RECIST or GCIG criteria if nonmeasurable per RECIST); (2) taxane-

resistant TNBC with ≥1 previous therapy for metastatic disease (measureable per RECIST); 

and (3) castration-resistant and taxane- or cisplatin/ etoposide-resistant stage 4 prostate 

cancer (measureable per RECIST) with high-grade neuroendocrine or anaplastic clinical or 

pathological features. These tumor types were selected based on high unmet need after 

chemotherapy failure, association of AURKA amplification or Aurora kinase overexpression 

with advanced clinical stage and poor prognosis, and evidence of clinical activity with 

Aurora kinase inhibitors in preclinical and clinical models [3–5, 7, 17–19]. Patients were 

excluded if they had active parenchymal brain metastases, prior bone marrow transplant, 

history or presence of hematologic malignancies, history of bleeding diathesis, or active 

peptic ulcer disease. The complete inclusion and exclusion criteria are provided in the 

Supplementary Methods.

Study procedures

The dose escalation tested dose levels from 1 to 50 mg/day on a schedule of 4 days on, 10 

days off in an accelerated titration design; a cycle was defined as 14 days [20] 

(Supplementary Fig. 1). Dose escalation decisions were made based on the incidence of 

DLTs or grade 2 toxicities by the safety and data monitoring committee per protocol-

specified guidelines. The safety and data monitoring committee included the medical 

monitor, global safety officer or designee, clinical study manager, biostatistician, study 

center investigators, and other functional area representatives. Initially, dose escalation 

involved 100% escalations with one patient per cohort until occurrence of a DLT or a grade 

2 toxicity (hematologic or nonhematologic) in the first two treatment cycles (days 1–28) 

deemed at least possibly related to AMG 900. After a DLT or grade 2 toxicity was observed, 

cohorts were expanded and dose escalation continued using a standard 3 + 3 design (≤50% 

dose escalation steps after the first grade 2 toxicity or≤25% steps after a DLT). In the dose-

escalation phase, patients received AMG 900 at 1, 2, 4, 8, 16, 24, 30, and (after de-

escalation) 25 mg without G-CSF, as well as 30, 35, 40, and 50 mg with G-CSF support.

DLTs were evaluated in all patients who received ≥1 dose of AMG 900. A DLT was defined 

as a hematologic toxicity (febrile neutropenia, neutropenic infection, grade 4 neutropenia or 

grade ≥ 3 thrombocytopenia for >7 days, or grade 4 thrombocytopenia) or nonhematologic 

toxicity (grade ≥ 3 nausea, vomiting, or diarrhea despite treatment, grade 3 fatigue for >7 

days or grade 4 fatigue, or any other grade ≥ 3 AE except alopecia) attributable to AMG 900 

in the first two treatment cycles (days 1–28). A full definition of DLTs is provided in the 

Supplementary Methods.
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Escalation continued until at least two DLTs were observed among the three to six patients 

in a cohort. This dose was defined as the lowest nontolerated dose (LNTD); the MTD was 

one dose level below the LNTD. If neutropenia or a neutropenia-related toxicity was dose 

limiting at the LNTD, a new cohort of three patients was enrolled at that level with 

prophylactic G-CSF support. Dose escalation continued until an MTD with prophylactic G-

CSF was determined.

In the dose expansion, patients received AMG 900 at the MTD determined in part 1. Each of 

the expansion cohorts was to include approximately 14 patients. Patients continued AMG 

900 until medication intolerance, disease progression, or withdrawal of consent.

AMG 900 was self-administered orally once daily in the morning for the first 4 days of 

every 14-day cycle (4 days on, 10 days off). Patients were required to have an empty 

stomach at the time of dosing and for 1 h postdose (no food or liquids except water 2 h 

predose). When applicable, prophylactic G-CSF (300 or 480 μg; dosage based on weight) 

was given subcutaneously once daily starting at least 24 h after the last dose of AMG 900 

per local prescribing guidelines.

Assessments

Safety—The first patient of cohort 1 self-administered AMG 900 in the morning and was 

monitored in the clinic for at least 2 h for any signs of AEs. Subsequent patients self-

administered AMG 900 at home and were seen in the clinic weekly for the first 9 weeks and 

every 2 weeks thereafter. Investigators or subinvestigators performed physical examinations, 

assessed vital signs, performed 12-lead electrocardiogram, reviewed concomitant 

medications, and assessed AEs at every visit. The Medical Dictionary for Regulatory 

Activities version 17.1 was used to code all AEs to a system organ class and a preferred 

term. The severity of each AE was graded using Common Terminology Criteria for Adverse 

Events (CTCAE) version 4.0 [21].

Blood chemistry and coagulation (including blood urea nitrogen, creatinine, total bilirubin, 

alkaline phosphatase, aspartate aminotransferase, and alanine aminotransferase; and 

prothrombin time and partial thromboplastin time), urinalysis, and hematology (including 

white blood cells, hemoglobin, platelets, and neutrophils) were monitored closely 

throughout the study. More detail on laboratory tests is provided in the Supplementary 

Methods.

Pharmacokinetics—Plasma samples for AMG 900 pharmacokinetics were obtained 

predose and 1, 2, 3, 5, and 8 h after doses 1 and 2 during cycle 1; predose on day 2 of cycle 

1; predose, 1 h, and 8 days after dose 1 of cycle 2; predose and 1 h after dose 1 of cycles 3 

and 5; 1 h after dose 1 of cycle 4; and at the end-of-study visit. AMG 900 concentrations 

were determined in plasma using a validated liquid chromatography-tandem mass 

spectrometry assay run on an API 4000™ system (SCIEX, Framingham, MA, USA). 

Pharmacokinetic parameters, including maximum observed concentration (Cmax), time to 

Cmax (tmax), area under the plasma concentration-time curve (AUC), half-life (t1/2), and 

apparent clearance (CL/F) were estimated using noncompartmental analysis of individual 

AMG 900 plasma concentrations using Phoenix WinNonlin v.6.3 (Certara, Princeton, NJ).
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Radiographic assessment and biomarkers—To assess tumor response/progression 

and change in tumor volume, CT or MRI scans were performed at screening, on day 28 (±3 

days), at 8 weeks (±7 days), every 8 weeks (±7 days) for 6 months, and every 12 weeks 

thereafter. Patients who discontinued for reasons other than disease progression had an end-

of-study scan. In patients with ovarian cancer, CA 125 levels were determined every 4 

weeks. In patients with CRPC, prostate-specific antigen levels were determined every 4 

weeks and bone scans were also performed to evaluate disease progression by appearance of 

new bone lesions. Scans were performed at screening, on day 28 (±3 days), at 8 weeks (±7 

days), every 8 weeks (±7 days) for 6 months, and every 12 weeks (±7 days) thereafter. All 

scans were used to assess tumor response both in central review by RECIST 1.1 and local 

(investigator) review by RECIST 1.0; GCIG criteria were also used to assess ovarian tumors 

[22, 23].

Biomarkers were evaluated in archived tumor tissue samples (formalin-fixed, paraffin-

embedded tumor samples) collected at the time of primary cancer diagnosis. Exons 2 to 11 

of TP53 were analyzed for mutations by 454 sequencing at Transgenomic, Inc. (Omaha, 

NE). Aurora A, Aurora B, p53, p21, and Ki-67 protein expression were analyzed by IHC at 

HistoGeneX (Antwerp, Belgium). Amplifications of the AURKA gene were evaluated by 

FISH analysis (AURKA [20q13/20q11]) at Mosaic Laboratories, LLC (Lake Forest, CA).

Statistical analyses

A formal statistical hypothesis was not tested in this study. Sample size was determined 

empirically and was consistent with other initial human studies of this type. Descriptive 

statistics were calculated for select demographic, safety, pharmacokinetic, 

pharmacodynamic, imaging, biopsy, and biomarker parameters. Descriptive statistics 

included means, medians, standard deviations (SDs), and ranges for continuous variables, 

and frequency counts and percentages for categorical variables. Safety was assessed in all 

patients who received ≥1 dose of AMG 900. Tumor response was assessed in all patients 

with measurable disease per RECIST criteria who received ≥1 dose of AMG 900 and had 

reported baseline and postdose assessments of tumor burden. Response rate and median 

duration of response per RECIST were estimated for each tumor type along with 95% 

confidence intervals (CIs); Kaplan-Meier estimates with 80% CIs were provided for median 

progression-free survival (PFS).

Results

Patients and disposition

Between August 10, 2009 (first patient enrolled) and December 31, 2014 (data analysis 

cutoff), a total of 105 patients were enrolled, and all enrolled patients received ≥1 dose of 

AMG 900. The dose-escalation phase included 50 patients across 12 AMG 900 dose 

cohorts: 1 mg (n =1), 2 mg (n =1), 4 mg (n = 1), and 8 mg (n = 1) during the accelerated 

phase; and 16 mg (n = 3), 24 mg (n = 6), 30 mg (n = 6), and after deescalation, 25 mg (n = 

7) in the nonaccelerated phase. Patients received the following doses with G-CSF support 

during the nonaccelerated phase: 30 mg (n = 6), 35 mg (n = 3), 40 mg (n = 11), and 50 mg 

(n = 4). The dose-expansion phase was conducted at 40 mg + G-CSF and included 55 
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patients across three cohorts: ovarian cancer (n = 29), TNBC (n = 14), and CRPC (n = 12). 

The ovarian cancer cohort was expanded from the planned 14 patients to 29 patients based 

on emerging efficacy data. Patient disposition is listed in Supplementary Table 1.

Overall, 72 patients (69%) were women, and the mean (SD) age was 59(12) years. The most 

common primary tumor types were epithelial ovarian (n = 31; 30%), breast (n = 20; 19%), 

prostate (n = 12; 11%), and colon (n = 9; 9%). Most patients (97%) had an ECOG 

performance status of 0 or 1, and patients were heavily pretreated with a median (range) of 

4.0 (0–18) prior lines of chemotherapy. Baseline demographics and disease characteristics in 

the dose escalation, the dose expansion, and overall are listed in Table 1.

Across all cohorts, patients received a median (range) of 16.0(1–399) doses of AMG 900. 

The median (range) cumulative dose of AMG 900 was 480 (25–9775) mg. The median 

(range) of the average dose delivered across all cohorts for dose escalation and expansion 

was 35.6 (1–50) mg.

Safety and tolerability

Dose-escalation phase: DLTs and MTD—Overall, nine DLTs were reported in eight 

patients. There were no DLTs in the first four dose cohorts (1, 2, 4, and 8 mg). At 16 mg 

AMG 900, one patient experienced non-dose-limiting neutropenia, which led to initiation of 

the nonaccelerated portion of the dose-escalation phase. At 24 mg, one of six patients 

experienced a DLT of grade 4 neutropenia lasting >7 days. At 30 mg, two of six patients 

experienced DLTs of grade 4 thrombocytopenia lasting >7 days and grade 4 neutropenia 

lasting >7 days, respectively. At 25 mg, one of seven patients experienced two DLTs (grade 

3 increases in alanine aminotransferase and aspartate aminotransferase). Consequently, 25 

mg AMG 900 was determined to be the MTD without G-CSF.

Because neutropenia was dose limiting, dose escalation continued with G-CSF support, 

beginning with 30 mg AMG 900 + G-CSF. At this dose, one of six patients experienced a 

DLT of grade 4 thrombocytopenia. At 40 mg + G-CSF, one of 11 patients experienced a 

DLT of grade 4 febrile neutropenia. At 50 mg + G-CSF, two of four patients experienced 

DLTs of grade 4 thrombocytopenia lasting 2 days and grade 3 fatigue lasting >7 days, 

respectively. These results established the MTD with G-CSF and the recommended phase 2 

dose as 40 mg AMG 900 + G-CSF.

Adverse events—Across the dose escalation and the dose expansion, treatment-related 

grade ≥ 3 AEs occurred in 61 patients (58%); the most common (>10% overall) were 

neutropenia (42%; n = 44), anemia (23%; n = 24), leukopenia (14%; n = 15), and 

thrombocytopenia (12%; n = 13; Table 2). Treatment-related grade≥4 AEs occurred in 31 

patients (30%); the most common were neutropenia (29%; n = 30) and leukopenia (11%; n = 

12). Diarrhea was the only nonhematologic grade ≥ 4 AE (1%; n = 1). Five patients (5%) 

had fatal AEs: cardiac arrest (n = 2; both patients TNBC cohort), tachycardia (n = 1; TNBC 

cohort), atelectasis (n =1; 50 mg + G-CSF cohort), and pulmonary embolism (n = 1; 25 mg 

cohort); none of the fatal AEs were considered treatment related as judged by the 

investigator.
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At the time of the primary analysis (data cutoff December 31, 2014), 96 patients (91%) had 

discontinued AMG 900; the two most common reasons for discontinuation of AMG 900 

were disease progression (n = 62; 59%) and AEs (n = 25; 24%). In 13 patients (12%), the 

AEs that led to discontinuation of AMG 900 were considered treatment related. These 

included thrombocytopenia (4 events); neutropenia (3 events); febrile neutropenia (3 events); 

fatigue (2 events); elevated liver enzymes (2 events); and anemia, neutropenic colitis, 

decreased hemoglobin, and nausea (1 event each). Overall, 51 patients (49%) had dose 

reductions or interruptions; these were due to AEs in 47 patients (45%). Nine patients (9%) 

were still receiving AMG 900 as of the primary analysis data cutoff date.

Pharmacokinetics

Overall, mean exposure (AUC24h) for AMG 900 following oral administration increased as 

the dose increased from 1 to 50 mg. The coefficient of variation (CV) values for AUC24h 

ranged from 14.5 to 60.4% for both cycle 1 day 1 and cycle 1 day 4. Median tmax was 

between 1 and 3 h postdose across the dose ranges of 2 to 30 mg AMG 900 monotherapy 

and 30 to 50 mg AMG 900 with G-CSF. Minimal accumulation (<2-fold based on AUC8h) 

was observed from cycle 1 day 1 to cycle 1 day 4 for all dose cohorts. The average Cmax at 

cycle 1 day 4 from the dose-expansion cohorts ranged from 906 to 1670 ng/mL, about 3- to 

6-fold above the 50% inhibitory concentration for the in vivo inhibition of p-histone H3 (273 

ng/mL). The CL/F after cycle 1 day 1 ranged from 1790 to 4330 mL/h for all dose cohorts 

and showed variability, with CV values ranging from 43.1 to 88.0%. The mean t1/2 after 

cycle 1 day 1 was approximately 6 to 9 h across all dose groups. Among patients who 

received 40 mg once daily in the dose expansion, exposure varied among cohorts, with a 

higher mean AUC24h observed in women in the ovarian cancer cohort (12,900 h-ng/mL) 

compared with TNBC (10,600 h·ng/mL) or CRPC (7700 h·ng/mL).

Efficacy

Eighty-three of the 105 patients (79%) were included in the assessment of change in tumor 

volume. The tumor volume results by CT or MRI assessment were generally consistent with 

the RECIST results. The maximum percentage reduction of 50.3% from baseline in the 

mean tumor volume was observed for two patients with ovarian cancer.

Although evaluation of clinical activity was not a primary objective of the dose-escalation 

phase, 42 of the 50 enrolled patients in the escalation phase were evaluable for tumor 

response. In the dose-escalation phase, one patient with ovarian cancer who received 30 mg 

AMG 900 had a partial response per RECIST 1.1 and GCIG criteria (central read). One 

additional patient with clear-cell endometrial cancer who received 30 mg + G-CSF had a 

partial response per RECIST 1.0 (local read) that was not confirmed per RECIST 1.1 

(central read). Twenty-nine patients (58%) had stable disease (defined as best response of 

stable disease per RECIST version 1.1 at regularly scheduled scans); 12 patients (24%) had 

progressive disease. One patient with medullary thyroid cancer who had disease progression 

before enrollment received 24 mg AMG 900 and had stable disease for >3.5 years. Another 

patient with a germline retinoblastoma mutation and metastatic leiomyosarcoma received 40 

mg AMG 900 and had stable disease for >3 years. Best overall response in the dose-

escalation cohorts is presented in Table 3.
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In the dose-expansion phase, 27 of29 patients with ovarian cancer were evaluable for tumor 

response per RECIST 1.1. Three patients (10.3%) had a partial response and 21 (72.4%) had 

stable disease as their best response; 3 (10.3%) had progressive disease. The objective 

response rate (ORR; 95% CI) per RECIST 1.1 was 10.3% (2.0%–28.0%). The duration of 

partial response by RECIST 1.1 (and by GCIG criteria) in the three patients was 34.1 (65.6), 

24.1 (74.9), and 16.1 (16.1) weeks. Best overall tumor responses by tumor type in the dose-

expansion cohorts are summarized in Table 3. Maximum change in the sum of longest 

diameters in patients with ovarian cancer is presented in Fig. 1a.

Twenty-six of 29 patients with ovarian cancer were evaluable by GCIG criteria (RECIST 1.1 

and CA 125). Seven (24.1%) had partial responses, 16 (55.2%) had stable disease, and 3 

(10.3%) had progressive disease. The ORR (95% CI) was 24.1% (10.3%–43.5%). Of the 

seven patients with responses per CA 125, one had a response and normalization of CA 125 

levels and six had responses without normalization of CA 125 levels.

Among the patients with ovarian cancer in the dose expansion, the Kaplan-Meier estimate 

for median (80% CI) PFS per RECIST 1.1 (central read) was 31.7 (23.7–47.6) weeks. 

Combining the ovarian cancer patients from both the dose-escalation (n = 4) and dose-

expansion (n = 29) phases, the Kaplan-Meier estimate for median (80% CI) PFS was 34.1 

(31.1–not estimable) weeks (Fig. 2a). Using GCIG criteria (RECIST 1.1 and CA 125), the 

median PFS was not reached; the lower limit of the 80% CI was 31.1 weeks (Fig. 2b).

Eleven of the 14 patients with TNBC and 10 of the 12 patients with CRPC were evaluable 

for tumor response. In patients with TNBC, 7 (50.0%) had stable disease as the best overall 

tumor response per RECIST 1.1 and 4 (28.6%) had progressive disease. One patient with 

TNBC who received 40 mg + G-CSF had a partial response per RECIST 1.0 (local read) that 

was not confirmed per RECIST 1.1 (central read). In patients with CRPC, 9 (75.0%) had 

stable disease and 1 (8.3%) had progressive disease. Maximum changes in the sum of 

longest diameters in patients with TNBC and CRPC are presented in Fig. 1b and c, 

respectively.

A total of 7 of 14 patients (50.0%) with TNBC and 5 of 12 patients (41.7%) with CRPC died 

or had progressive disease per RECIST 1.1 (central read). For patients with TNBC, median 

(80% CI) PFS was 7.6 (4.1–23.6) weeks. For patients with CRPC, median (80% CI) PFS 

was 32.4 (15.7–39.6) weeks.

Biomarkers

Sequencing of exons 2 to 11 of TP53 in the 67 patients available for analysis found ≥1 

nucleotide aberration in each patient (100%); 53 patients (79%) had ≥1 nonsilent exon 

mutation. Preliminary data showed that in nine patients with ovarian cancer, five responders 

per GCIC criteria had positive p53 staining (>75% of cell nuclei) in tumor samples by IHC, 

whereas the four nonresponders showed negative p53 staining (<25% positive staining in 

cell nuclei). Of the 36 samples evaluable for AURKA amplification by FISH, one sample 

from a patient with ovarian cancer who had stable disease based on central and local read 

data had amplification, and one sample from a patient with ovarian cancer who had partial 

response based on central read and stable disease based on local read had borderline 
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amplification. No correlations between protein expression and response were observed for 

the other markers evaluated (Aurora A, Aurora B, p21, or Ki-67).

Discussion

In this phase 1 study, AMG 900 had a manageable toxicity profile with G-CSF support and 

showed single-agent activity in heavily pretreated patients with taxane-resistant or -

refractory tumors. One patient was still receiving AMG 900 as of September 26, 2017. The 

MTD of AMG 900 without G-CSF was established at 25 mg daily, for the schedule of 4 

days on, 10 days off. DLTs were primarily neutropenia and thrombocytopenia; because 

neutropenia was dose limiting, dose escalation continued with G-CSF support. The MTD of 

AMG 900 with G-CSF support was 40 mg daily. Less than one-third of patients had 

treatment-related grade ≥ 4 AEs, and of the five deaths, none were considered treatment 

related. Although three of the deaths were cardiac related, two of these patients had 

previously received Adriamycin (doxorubicin hydrochloride), which may have increased 

their risk for cardiac-related death. Twelve percent of patients discontinued AMG 900 due to 

hematologic AEs. The most common treatment-related grade ≥ 3 AEs were neutropenia, 

anemia, leukopenia, and thrombocytopenia, which is consistent with the drug’s antimitotic 

mechanism of action. Clinical responses were observed in four patients with taxane- and 

platinum-resistant ovarian cancer. Together, these results indicate that pan-Aurora kinase 

inhibition with AMG 900 with G-CSF support could be delivered to patients at the dose and 

on the schedule used in this study. The use of AMG 900 in combination with G-CSF likely 

helped overcome the toxicities seen with prior Aurora kinase inhibitors and allowed higher 

doses to be explored [12].

The pharmacokinetics of AMG 900 was characterized by increased exposure with increasing 

dose and minimal accumulation after 4 days of dosing. Absorption was rapid with fast 

elimination that supported a daily dosing regimen. Exposure varied among patients in the 

expansion cohorts who received 40 mg once daily; higher AUC was observed in the ovarian 

cancer cohort than in the TNBC or CRPC cohorts, possibly as a result of lower body weight 

and body surface area. Patients in the ovarian cancer cohort had a higher incidence of grade 

≥ 4 neutropenia than patients in the other cohorts, but they also had a higher rate of objective 

responses per RECIST 1.1.

Clinical responses to AMG 900 were observed in this group of heavily pretreated patients. 

Antitumor activity was particularly notable in the ovarian cancer cohort. Among the 29 

patients with ovarian cancer in the dose-expansion phase, the ORR was 10.3% per RECIST 

1.1 (central read) and 24.1% per GCIG criteria (central read); nearly three-quarters of 

patients had stable disease per RECIST 1.1. Importantly, disease control with AMG 900 in 

these patients was prolonged: the median PFS of 31.7 weeks with AMG 900 is considerably 

longer than the median PFS of approximately 14 weeks in patients with platinum-resistant 

recurrent ovarian cancer treated with chemotherapy alone in the AURELIA trial [24].

Limited antitumor activity was observed in patients with TNBC in the dose-expansion 

phase. No patients with TNBC had an objective response per RECIST 1.1 (central read). 

One patient had an objective response per RECIST 1.0 (local read). Half of the patients with 
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TNBC had stable disease per RECIST 1.1 (central read) and median PFS was 7.6 weeks. 

Stable disease was the best response in patients with prostate cancer, indicating limited 

antitumor activity, but stable disease was in many cases quite prolonged; median PFS was 

32.4 weeks.

In the exploratory biomarker analysis, all evaluable samples had TP53 mutations, consistent 

with the selection for this study of tumor types that typically show a high frequency of TP53 
mutation. Presence of exon mutations (“loss of function” mutations) coincided with p53 

expression by IHC, consistent with previous studies indicating an association between TP53 
mutation and positive p53 IHC staining in ovarian tumors [25]; however, this biomarker was 

only assessed in a small group of patients. Nevertheless, these results support earlier data 

that showed that breast cancer cell lines with TP53 loss of function mutations had a greater 

sensitivity to AMG 900 compared with cell lines without such mutations [26]. No 

correlation was seen between AURKA FISH amplification and IHC for Aurora A and B.

Phase 1 and 2 trials of other Aurora kinase inhibitors have demonstrated efficacy in a variety 

of cancers, including solid tumors (eg, non-small-cell lung cancer, small-cell lung cancer, 

colorectal cancer, ovarian cancer, glioblastoma multiforme, neuroblastoma, prostate cancer, 

breast cancer) and hematologic malignancies (eg, non-Hodgkin lymphoma, acute 

lymphocytic leukemia, chronic myelogenous leukemia, myelofibrosis, multiple myeloma, B-

cell lymphoma) [7–9, 27–31]. AEs associated with these inhibitors were broadly similar to 

those seen with AMG 900 [8, 9, 27, 29, 30]; however, there were a few differences. Some 

frequently occurring AEs or DLTs seen in several of these trials, such as mucositis and 

somnolence, were not prevalent in this study [7, 27, 29]. Most other trials did not assess 

Aurora kinase inhibitors in combination with G-CSF [7, 8, 27, 28, 30, 31].

As an adjunct to this study, we determined AURKA amplification levels by analyzing cell-

free DNA in plasma collected from patients with recurrent ovarian cancer. We then 

compared those AURKA amplification levels to levels determined in the same patients at the 

time of initial diagnosis. We found that AURKA amplification in circulating tumor DNA 

from liquid biopsies was more frequent following multiple lines of therapy and therefore 

seems to be a late event in ovarian cancer progression (manuscript in preparation). 

Biomarker analyses in this study were conducted in archival tissue collected at the time of 

initial diagnosis rather than in fresh biopsies. The frequency of late events in tumor 

progression may therefore have been underestimated, and correlations between biomarker 

status and response may have been missed.

AMG 900 has a mechanism of action distinct from that of other antimitotics and has been 

shown to have antitumor activity in cell lines, mouse xenograft models [16, 32], and now in 

patients with taxane- and/or platinum-resistant or -refractory tumors. AMG 900 inhibited 

growth of TNBC cell lines and xenografts in combination with ixabepilone [32]. Aurora 

kinase inhibitors have demonstrated synergistic antitumor activity against multiple ovarian 

cancer cell lines when combined with CHEK1 inhibitors [33].

The tumor types evaluated in the dose-expansion phase were selected based on high unmet 

need after chemotherapy failure, association of AURKA amplification or Aurora kinase 
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overexpression with advanced clinical stage and poor prognosis, and evidence of clinical 

activity with Aurora kinase inhibitors [3–5, 7, 17–19]. The combination of AMG 900 with 

G-CSF allowed the use of higher doses of AMG 900, potentially improving the therapeutic 

window relative to AMG 900 alone. Because this study was limited to patients with 

advanced solid tumors who could not be treated with standard therapy, investigators focused 

enrollment on patients with progressing disease. However, the rate of tumor progression was 

not measured in this study, limiting full assessment of antitumor activity. Furthermore, 

patients with TNBC were heavily pretreated. These patients typically progress rapidly, 

which limited our ability to dose the patients adequately to assess the activity of AMG 900 

in that disease setting. Indeed, patients with TNBC had short median PFS.

The results of this study provide supportive evidence for the safety and tolerability of AMG 

900 in heavily pretreated patients with chemotherapy-resistant ovarian, prostate, and breast 

tumors and efficacy in patients with taxane- and platinum-resistant ovarian tumors. AEs 

were manageable and single-agent activity was observed in refractory ovarian cancer. The 

clinical activity observed in ovarian cancer, together with previously presented preclinical 

data, suggests that AMG 900 at appropriate, tolerable doses in combination with other 

agents (eg, taxanes, doxorubicin, carboplatin, ixabepilone) may be a potential strategy for 

treating patients with ovarian cancer [32, 34].
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Fig. 1. 
Maximum percentage tumor reduction and response (by RECIST 1.1) by individual patient 

for (a) all patients with ovarian tumors from the dose-escalation and -expansion phases. 

Central read data are available for 31 of 33 patients; plot includes four patients with ovarian 

cancer from the dose-escalation phase; aProgressive disease by new lesion; bStable disease 

by RECIST 1.1 (CA 125 was not available); cPatient still on treatment at data cutoff. Arrows 

represent the best response for patients whose tumor change was not visible because of 

being near 0. b Patients with triple-negative breast cancer in the dose-expansion phase. 
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Central read data are available for 11 of 14 patients; aProgressive disease by new lesion; 
bProgressive disease of nontarget lesion. c Patients with castration-resistant prostate cancer 

in the dose-expansion phase. Central read data are available for 10 of 12 patients. Data 

cutoff: December 31, 2014. SLD = sum of longest diameters
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Fig. 2. 
Progression-free survival in patients with ovarian cancer as determined by (a) RECIST 1.1 

or by (b) Gynecologic Cancer InterGroup criteria (RECIST 1.1 and CA 125). NE = not 

estimable
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