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Abstract

Background—Inhibiting Notch is a promising anti-cancer strategy as it plays a critical role in 

cancer stem cells maintenance and tumour angiogenesis. BMS-986115is anorally active, selective 

inhibitor of gamma-secretase mediated Notch signalling.

Method—Two dose escalation schedules (Arm-A continuous daily schedule and Arm-B 

intermittent 2 times weekly schedule) of BMS-986115 were evaluated in advanced solid tumour 

patients. The primary objective was to establish the safety, tolerability and Maximum Tolerated 

Dose (MTD) of BMS-986115.
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Results—Thirty six patients (24 in Arm A and 12 in Arm B) were treated. The most frequent 

treatment related adverse advents were diarrhoea (72%), hypophosphataemia (64%), and nausea 

(61%). The MTD was 1.5 mg daily in Arm A but not established in Arm B. Four patients in Arm 

A and 2 in Arm B experienced dose limiting toxicities (grade 3 nausea, diarrhoea, pruritus/

urticaria and ileus). BMS-986115 showed dose related increase in exposure within the dose range 

tested. Target inhibition of Notch pathway related genes was observed. Three patients in Arm A 

and 2 in Arm B achieved stable disease for more than 6 months.

Conclusion—The daily oral dosing of BMS-986115 is safe and tolerable with biological activity 

demonstrated by continuous target engagement and Notch signalling inhibition.
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Introduction

Notch receptors are highly conserved type I transmembrane glycoproteins that regulate 

critical cellular functions including differentiation, cell fate determination, proliferation, 

self-renewal, and survival [1]. Oncogenic activation of the Notch pathway, either through 

mutation, gene rearrangement or over-expression, is implicated in both hematologic 

malignancies, solid tumours including breast cancer, melanoma, non-small cell lung cancer 

(NSCLC), colorectal carcinoma and in desmoid fibromatosis [2–10]. Furthermore, Notch 

plays an important role in maintenance and survival of cancer stem cells (CSCs) [11–14] and 

tumour angiogenesis [15, 16]. Thus, there is strong rationale for development of Notch 

inhibitors as anti-cancer therapy.

BMS-986115 is a potent and selective inhibitor of gamma-secretase mediated Notch 

signalling and inhibits all 4 mammalian Notch receptors (Notch1 to 4) with low nanomolar 

median inhibitory concentrations (IC50s). Nonclinical experiments showed that 

BMS-986115 was effective as a single agent in the treatment of human T-ALL xenograft 

models, and demonstrated anti-tumour activity against 5 out of 7 solid tumour xenografts 

evaluated, including 3 breast, 1 NSCLC, and 1 pancreatic carcinoma. In animal studies, the 

main pharmacological toxicities included dose-dependent gastrointestinal (GI) toxicity, 

lymphoid depletion, and interruption of ovarian follicle maturation. Notch inhibitor 

mediated GI toxicity, which is characterized by goblet cell metaplasia throughout the 

intestines, is the result of on-target drug-induced differentiation of small intestinal and 

colonic progenitors to the secretory (goblet) cell fate. As prolonged inhibition of the Notch 

pathway is associated with increased GI toxicity, an oral Notch inhibitor with a short half-

life that allows transient rather than continuous target engagement is desirable. BMS-986115 

has a projected human half-life of approximately 15 h (BMS-986115: Investigator brochure 

(version 1). Bristol-Myers Squibb Company; 2013) providing shorter duration of target 

inhibition than other intravenous Notch inhibitors with longer half-lives [17].

In this open label phase I dose escalation study, BMS-986115 was administered as an oral 

single agent on once daily continuous (QD) and two times weekly intermittent (BIW) 

schedules. The primary objective of the study was to assess safety and tolerability and to 
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establish the maximum tolerated dose (MTD) of oral doses of BMS-986115 in subjects with 

advanced solid tumours. The secondary objectives were to assess pharmacokinetics, 

pharmacodynamics and preliminary anti-tumour activity of BMS-986115.

Patients and methods

The study was an ascending multiple-dose Phase I study and conducted in accordance with 

the Declaration of Helsinki and International Conference on Harmonisation Good Clinical 

Practice Guidelines. The study was approved by Research Ethics Board at each participating 

sites and registered at www.clinicaltrials.gov with registration number NCT01986218. The 

first patient was enrolled on 11th December 2013 and the study was completed on 29th 

March 2016. There were no subjects on study at the time of study completion.

Patient selection

Male and female subjects who were 18 years or older and had a histological or cytological 

diagnosis of advanced solid tumours refractory to or relapsed from standard therapies were 

eligible. The inclusion criteria included life expectancy of ≥3 months, ECOG performance 

status 0–1, and adequate organ function including ECG parameters. Subjects were required 

to have an adequate lipid profile as increases in triglycerides were seen in the multiple dose 

rat study with BMS-986115. Lactating or pregnant women were not eligible and all subjects 

were needed to comply with effective contraception methods as per protocol. The main 

exclusion criteria were: symptomatic or unstable brain metastases, any serious medical 

disorders including active infection and significant cardiovascular disease, major 

thromboembolic events or bleeding diathesis within 6 months of study entry, current or 

recent GI disease that increases the risk of diarrhoea, any major surgery or GI disorder that 

would interfere with administration of oral medications, conditions requiring chronic 

systemic glucocorticoid use, therapeutic anticoagulation, and concomitant second 

malignancies (except adequately treated in situ cancers and non-melanomatous skin 

cancers). Patients with hepatitis C, hepatitis B or HIV were excluded with an exception of 

those who have achieved viral cure for prior hepatitis C infection. Prior exposure to 

BMS-986115 or other Notch inhibitors was not allowed and those with a history of allergy 

to Notch inhibitors including BMS-986115related compounds were excluded. Patients 

required a washout period of at least 6 months for prior therapy with nucleoside analogues, 6 

weeks for prior therapy with nitrosoureas, mitomycin C and liposomal doxorubicin and 4 

weeks for other anticancer therapies. The prohibited concomitant medications included 

herbal supplements, medications causing Torsades de Pointes, strong inhibitors or inducers 

of CYP3A4 or P-gp, and sensitive substrates of CYP3A4 with a narrow therapeutic window.

Study design

The dose escalation phase was initially conducted using an accelerated titration design [18] 

in which a single subject was enrolled in each cohort, and was switched to a 3 + 3 design 

with modified Fibonacci dose escalation if any of the following occurred in a single-subject 

cohort: grade 2 treatment-related diarrhoea lasting >36 h despite appropriate medical 

management; or any other grade 2 treatment-related adverse advent (AE), excluding 

asymptomatic electrolyte abnormalities that were manageable with appropriate supplements, 

alopecia and fatigue lasting ≤5 days. An additional subject (i.e., a second subject in the 
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accelerated titration phase, and a fourth subject in the 3 + 3 phase) may be enrolled in a dose 

escalation cohort to allow for subjects that become not DLT-evaluable, following agreement 

between the Investigators and the study sponsor.

DLT period was 35 days (from C1, duration of which was 7 days, to end of cycle 2, duration 

of which was 28 days). A DLT was defined as any of the following events unless a clear 

alternative cause was identified: grade (Gr) 4 neutropenia (absolute neutrophil count [ANC] 

< 500/mm3) lasting ≥5 days; Gr 3 febrile neutropenia lasting >24 h (single temperature of 

>38.3C or a sustained temperature of ≥38C for >1 h (nonaxillary) with ANC <1000/mm3); 

Gr 4 febrile neutropenia of any duration; Gr 4 thrombocytopenia (platelets <25,000/mm3) or 

Gr 3 thrombocytopenia with significant bleeding; Gr ≥3 diarrhoea lasting >24 h despite 

appropriate medical management; any other drug-related Gr ≥3 non-hematologic AE, except 

hyperlipidemia in subjects not receiving maximum medical management or electrolyte 

abnormalities that may be managed with supplements.

For single-subject cohorts, dose escalation occurred in increments of 100% above the 

previous dose. For the 3 + 3 design (including enrolment of additional subjects in the single-

subject cohort with the first occurrence of a Gr ≥ 2 treatment-related AE), the first 3 dose 

escalations occurred in increments of up to 67%, 50%, and 40%, respectively, and all 

subsequent dose escalations occurred in increments of 33%. Dose escalation continued until 

the MTD was established or until the sponsor and investigators concurred that further dose 

escalation was not warranted. Once MTD was established in a given study arm, 

approximately 6 additional subjects were to be treated in a dose expansion cohort, at a dose 

equal to or below the MTD.

Study arms and dosing

BMS-986115 was administered orally once daily (QD) at doses of 0.3, 0.6, 1.2, 1.5, and 2 

mg (Arm A) or twice weekly (BIW) on consecutive days at doses of 2, 4, 8 mg (Arm B). 

Arm A and Arm B were conducted in a sequential manner. The study consisted of a 

screening period (within 28 days prior to first dose), a treatment period, and a follow-up 

period approximately 30 days after the last dose of study medication. In the treatment 

period, the first cycle was 7 days in duration, and all subsequent cycles were 28 days in 

duration. Subjects received a single dose of BMS-986115 on Cycle 1 Day 1. In Cycle 2 and 

all subsequent cycles, subjects in Arm A received QD doses of BMS-986115 (i.e., Day 1 to 

Day 28 inclusive) and subjects in Arm B received BIW doses of BMS-986115 (i.e., Days 1, 

2, 8, 9, 15, 16, 22, and 23 of each cycle). Dose interruption (up to 28 days) and/or dose 

modification (up to 2 dose reductions) were permitted in the event of study drug toxicity. 

Subjects could continue to receive treatment in the study until they experienced disease 

progression, unacceptable AEs, or withdrew consent. BMS-986115 was supplied as grey 

hard gelatin capsules, including a size 1 capsule containing 0.3 mg BMS-986115 and a size 

0 capsule containing 2 mg BMS-986115.

Safety and efficacy assessment

Safety assessments consisted of physical examination, vital signs, weight, performance 

status assessment using ECOG (Eastern Cooperative Oncology Group) criteria and 
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documentation of AEs and serious AEs (SAEs) for all treated subjects using the National 

Cancer Institute’s Common Toxicity Criteria for Adverse Events v4.03. Laboratory tests 

including hematology, coagulation, biochemistry, urinalysis, pregnancy test, if applicable, 

and an ECG were performed during screening, treatment and end of treatment at protocol 

specified time points and at any time when clinically indicated. Tumour assessments by CT 

or MRI were performed at baseline and approximately every 8 weeks during treatment, and 

at the end of treatment or 30-day follow-up if not done within the preceding 8 weeks. The 

radiological response to therapy was assessed using Response Evaluation Criteria in Solid 

Tumor (RECIST) 1.1. All subjects who received at least one dose of BMS-986115 were 

evaluated for safety parameters. Additionally, any occurrence of an SAE from the time of 

consent until 30 days post discontinuation of study drug dosing was documented. Any 

occurrence of non-serious AEs was collected from first dose of study drug until 30 days post 

discontinuation of dosing.

PK assessments

Pre and post treatment EDTA peripheral whole blood samples for the PK determination of 

BMS-986115 and its equally active metabolite BMT-100948 were collected on days 1 (pre-

dose and 0.5, 1, 1.5, 2, 4, and 8 h post-dose), 2 (24 h post first dose), 3 (48 h post first dose), 

4 (72 h post first dose) and 5 (120 h post first dose) of cycle 1 for both Arm A and Arm B 

and, subsequently, days 1 (pre-dose), 15 (pre-dose and 0.5, 1, 2, 4, and 8 h post-dose), and 

16 (pre-dose) of cycle 2 for Arm A and days 1 (pre-dose and 1 h post-dose), 2 (pre-dose and 

1 h post-dose), 8 (pre-dose), 9 (pre-dose), 15 (pre-dose and 0.5, 1, 3, and 6 h post-dose), 16 

(pre-dose and 0.5, 1, 2, 4, and 8 h post dose), 17 (24 h post day 16 dose), 18 (48 h post day 

16 dose), day 19 (96 h post day 16 dose), and 22 (pre-dose) of C2 for Arm B. Immediately 

post collection, blood samples were centrifuged to separate plasma and cells. Plasma 

concentrations of BMS-986115 and BMT-100948 were determined using a validated liquid 

chromatography-tandem mass spectrometry assay. Plasma concentration-time data for 

BMS-986115 and an equally active metabolite BMT-100948 were reported for subjects who 

received at least one dose of study medication. Non-compartmental analysis (NCA) was 

performed to characterize the PK parameters for the parent compound (BMS-986115) using 

nominal time.

PD assessments

Expression of Notch pathway-related genes in peripheral blood was measured as surrogate 

PD biomarkers for BMS-986115. Blood samples were collected pre-treatment and 2, 4, 8, 

24, and 48 h post-treatment on C1D1 (single-dose) on both arms; on Arm A at steady-state 

pre-treatment and 2, 4, 8 and 24 h post-treatment on C2D15; and in Arm B at steady-state 

pre-treatment (C2D15 and C2D16) and 2, 4, 8, 24, and 48 h post-treatment on C2D16, and 

analysed for Hes1 and Deltex1 expression in mRNA extracted from whole blood using RT-

qPCR. This qPCR assay was validated to measure the relative expression levels of Hes1 and 

Deltex1 with respect to the endogenous control gene PPIA. Total RNA from whole blood 

samples was isolated using QIAGEN PAXgene Blood RNA Extraction Kit (QIAGEN, Cat.# 

762,174) according to the manufacturer’s protocol. RNA samples were reverse transcribed 

to cDNA at input of 1 μg using the SuperScript II Reverse Transcriptase Kit (Invitrogen, 

Cat.# 18,064–014). Real-time PCR to measure Hes1 and Deltex1 expression was performed 
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following Applied Biosystems Assays-on-Demand protocol using 8 μL of the cDNA sample. 

All real-time PCR reactions were analyzed in triplicate in a 384-well optical reaction plate at 

20 μL per well. Amplification was detected using the 7900HT Fast system under standard 

thermal cycling conditions. The level of inhibition of Hes1 and Deltex1 expression by oral 

doses of BMS-986115 in peripheral blood was measured as surrogate PD biomarkers.

Statistical considerations

Approximately 20 subjects were planned per study arm, including dose escalation and 

expansion, with 1 to 6 subjects treated per dose level and at least 12 subjects treated at the 

MTD. The estimation of the MTD was based on the probability of DLT in cycle 1 and 2 for 

patients in dose escalation. Demographics, baseline characteristics, safety and efficacy 

measurements were described using descriptive statistics. For PD analysis, geometric mean 

relative gene expression data for the Notch pathway genes Deltex1 and Hes1 were plotted.

Results

Patient characteristics

A total of 36 patients were treated in the study (24 in Arm A and 12 in Arm B). Patient 

characteristics are summarized in Table 1. Sixteen (67%) of the 24 subjects treated in Arm A 

and 6 (50%) of the 12 subjects treated in Arm B continued to receive treatment until disease 

progression. A total of 9 subjects discontinued treatment after experiencing one or more AEs 

that were either related to study drug (N = 5, 3 subjects in Arm A and 2 in Arm B) or not 

related to the study drug (N = 4, 2 subjects in each arm).

Dose escalation and MTD

Of 24 patients treated in Arm A, 20 patients were DLT evaluable for 5 QD dose levels 

evaluated (0.3 mg [N = 2], 0.6 mg [N = 2], 1.2 mg [N = 5], 1.5 mg [N = 6], and 2 mg [N = 

5]) (Table 2). Based on the incidence of DLT, the MTD for QD dosing of BMS-986115 was 

1.5 mg QD. At this dose level, 1 DLT (Gr 3 nausea) was observed in one of 6 patients 

treated. No DLT was observed in 5 evaluable patients treated at 1.2 mg QD. The 2 mg QD 

dose was not tolerated with DLTs in 3 of the 5 DLT-evaluable patients (Gr 3 ileus; Gr 3 

nausea; Gr 3 pruritus/urticaria). Of 12 patients treated within Arm B, 10 were DLT evaluable 

for 3 BIW dose levels (2 mg [N = 2], 4 mg [N = 2], and 8 mg [N = 6]). The MTD was not 

established for BIW dosing schedule, as the study was terminated prior to this being 

formally established. None of the two patients treated at 4 mg BIW had DLT. But, a higher 

dose of 8 mg BIW was not tolerated with DLTs in 2 of the 6 DLT-evaluable subjects (Gr 3 

diarrhoea; Gr 3 nausea/dehydration/anorexia with Gr 2 fatigue). Dose limiting toxicities and 

reasons for treatment discontinuation are summarized in Table 2.

Safety

There were no treatment-related deaths. Adverse events (AE) were reported in all 36 (100%) 

subjects. The most frequently reported AEs (>50% of all treated subjects) regardless of 

causality were diarrhoea (72%), nausea (69%), hypophosphataemia (67%), fatigue (64%), 

decreased appetite (58%), and vomiting (53%). Treatment related AEs were reported for 35 

(97%) subjects and summarized in Table 3. The most frequent treatment related AEs 
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included diarrhoea (72%), hypophosphataemia (64%),nausea (61%), vomiting(44%), 

fatigue(44%),decreased appetite (36%), rash (31%), hypokalaemia (28%), and pruritus 

(25%). In the QD arm, a dose related trend was apparent in the frequency of GI events but 

this trend was not observed in the BIW arm (Table 3). The most common treatment-related 

Gr 3 or 4 AEs were hypophosphataemia (39%), diarrhoea (19%), nausea (11%), 

hypokalaemia (11%) and hyponatraemia (6%) (Table 4). Overall, SAEs were reported for 18 

(50%) subjects. Eight (6 in Arm A and 2 in Arm B) (22%) experienced SAEs that were 

treatment-related: Gr 3 diarrhoea (Arm B), Grade 3 diarrhoea with Gr 2 abdominal pain 

(Arm A), Gr 2 diarrhoea with Gr 2 dehydration (Arm A), Gr 3 nausea, dehydration and 

decreased appetite (Arm B), Gr 3 nausea with Gr 3 fatigue and Gr 4 hypophosphataemia 

(Arm A), Gr 3 colitis (Arm A), Gr 2 anaemia and Gr 3 pulmonary embolism (Arm A), and 

Gr 3 ileus (Arm A).

Treatment exposure

Nine subjects (25%) discontinued treatment due to AEs (Table 2), including 5 subjects who 

discontinued due to treatment-related diarrhoea with or without nausea (N = 3), dermatitis 

acneiform (N = 1), or dehydration and anorexia (N = 1). Four other subjects discontinued 

treatment due to non-treatment related AEs. The median duration of time on treatment was 

5.6 weeks (range 0.9–57.9 weeks) for the overall study population, and was similar for 

subjects in Arm A (median 5.8 weeks, range 1.7–57.9 weeks) and those in Arm B (median 

5.5 weeks, range 0.9–48.4 weeks).

Pharmacokinetic (PK) analysis

Plasma concentration levels of BMS-986115 (parent) and BMT-100948 (active metabolite) 

during cycle 2 in patients who received at least one dose of BMS-986115 in the once daily 

regimen (Arm A) and in the twice weekly regimen (Arm B) were summarized in Fig. 1a and 

b respectively. Results from NCA using nominal time performed to characterize the PK 

parameters for the parent compound BMS-986115 in patients who received once daily 

regimen are presented in Supplementary Table 1. BMS-986115 was rapidly absorbed 

following single/multiple-dose administration over the 0.3-mg to 8-mg dose range, and the 

median Tmax was within a range of 1 h to 3 h. There was a dose-related increase for both 

Cmax and AUCtau after BMS-986115 administration following single/multiple-dose 

administration over the 0.3-mg to 8-mg dose range. Following multiple once daily dose 

administration of BMS-986115, the median half-life ranged from 17.24 h to 28.01 h. 

BMS-986115 accumulated in plasma following once daily administration in Arms A and B. 

The median accumulation ratios (AUCtau ratio of Day 15/Day 1 values) of BMS-986115 

after once daily dosing were 2.64, 3.9, 3.66, 2.33, and 2.19 for 0.3-, 0.6-, 1.2-, 1.5-, and 2-

mg doses, respectively. Accumulation ratios (AUCtau ratio of Day 16/Day 1) of 

BMS-986115 after two consecutive days dosing in a week (Arm B) were 2.47, 3.01, and 

2.77 for 2-, 4- and 8-mg doses, respectively. Plasma concentrations of BMT-100948 were 

low relative to plasma concentrations of the parent drug (BMS-986115). Median Cmax% 

ratios for BMT-100948 to that of BMS-986115 after a single dose on Day 1 ranged from 5 

to 13%, and after multiple doses on Day 15 ranged from 12 to 16%, respectively. Similarly, 

median AUCtau ratio for BMT-100948 to that of BMS-986115 after a single dose on Day 1 

Aung et al. Page 7

Invest New Drugs. Author manuscript; available in PMC 2020 September 29.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



ranged from 14% - 22%, and after multiple doses on Day 15 ranged from 17% - 27%, 

respectively.

PD analysis

Relative expression levels of the Notch pathway genes Hes1 and Deltex1 in peripheral blood 

were examined as surrogate markers of the PD activity of BMS-986115. After 2 weeks of 

dosing at the highest tolerated doses of 1.2 mg QD and 1.5 mg QD, geometric mean relative 

expression of Hes1 was continuously inhibited by >50% below baseline, with peak 

inhibition of >80% (Fig. 2). Similarly, geometric mean relative expression of Deltex1 was 

continuously inhibited by greater than 45% for the entire dosing interval, with peak 

inhibition of >60% (Fig. 2). At the highest tolerated dose level of 4 mg BIW, geometric 

mean relative expression of Hes1 was inhibited by >75% for at least 48 h of the weekly 

dosing cycle and Deltex1 was inhibited by greater than 50%.

Efficacy

Of the 36 treated subjects, 21 (58%) subjects had progressive disease and 11 (31%) had 

stable disease (SD) as a best tumour response and 4 were not evaluable. Of the 11 subjects 

with SD, 5 (1 clear cell renal cell carcinoma, 1 fibromatosis, 2 adenoid cystic carcinoma, 

and 1 retroperitoneal liposarcoma) had SD for more than 6 months (Supplementary Figure 

1). The patient with clear cell renal cell carcinoma, who had documented disease 

progression prior to study entry, achieved SD with maximum tumor shrinkage of 23.9% after 

~5.5 months of treatment. In addition, the patient with fibromatosis, who did not have 

documented disease progression before study entry, achieved SD with maximum disease 

shrinkage of 16.5% after ~9 months of treatment. Two patients with adenoid cystic 

carcinoma and one patient with retroperitoneal liposarcoma were documented t ohave slowly 

progressive-disease before entering the study. The patient with retroperitoneal liposarcoma 

actually achieved SD with maximum tumor shrinkage of 13.8% after ~7.5 months of 

treatment while two patients with adenoid cystic carcinoma experienced continued slow 

progression of disease during treatment. All 3 patients who had prolonged SD with disease 

shrinkage were treated with the pharmacodynamically active doses of BMS-986115 (1.2 mg 

QD [renal cell carcinoma case], 1.5 mg QD [fibromatosis case], and 2 mg QD 

[retroperitoneal liposarcoma case]).

Discussion

The clinical development of Notch inhibitors has been hampered by on-target GI toxicity 

and most drugs have not been tolerable at daily continuous schedule [19–21]. Our study, 

however, demonstrates that an oral gamma secretase inhibitor BMS-986115 could be 

tolerable with continuous QD dosing with acceptable PK profile and pharmacodynamic 

target engagement evidenced by continuous inhibition of Notch pathway genes Hes1 and 

Deltex1 at 1.2 mg QD and 1.5 mg QD, the MTD. This demonstration, in our opinion, is an 

important milestone in the clinical development of Notch inhibitors.

Notch plays both tumour suppressive and oncogenic role in a context dependent manner and 

loss of function as well as gain of function mutations were found across multiple solid 
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tumour types [5, 22]. Despite the hope that gain of function mutations could potentially be 

used as a biomarker for response, clinical activity of Notch inhibitors in T cell acute 

lymphoblastic leukaemia, where Notch1 mutations are seen in >50% of cases [2], was 

modest [23] highlighting the biological complexity of Notch pathway. Nonetheless, Notch 

signalling inhibition using gamma-secretase inhibitors was shown to produce anti-tumour 

activity in multiple solid tumours in the published literature including high-grade gliomas, 

thyroid cancer, melanoma, colorectal carcinoma with neuroendocrine features and also in 

desmoid tumours [10, 19–21, 24] indicating that there is a subset of patients who could 

indeed derive clinical benefit from Notch inhibitors.

Potential predictive biomarkers of response to Notch inhibitors are also emerging. In ~10% 

of triple negative breast cancer (TNBC), NOTCH1 and NOTCH2 re-arrangements that cause 

constitutive receptor activation were found by next generation sequencing [25]. TNBC cells 

with NOTCH1 re-arrangements were sensitive to MRK-003, a gamma secretase inhibitor, in 

vitro and in vivo. In contrast those with NOTCH2 rearrangement were resistant to MRK-003 

[25]. NOTCH1 re-arrangements were associated with high levels of activated NOTCH1 

intracellular domain (N1-ICD) and there was a correlation between N1-ICD expression 

measured by immunohistochemistry and responsiveness to MRK-003 [25]. Multiple solid 

tumours, in fact, have Notch NRR domain mutations with variable frequencies [25] and 

patients with tumours harbouring these mutations could be selected for future Notch 

inhibitor trials.

Notch signalling is diverse and cross talks with several key oncogenic pathways including 

RAS, PI3K/AKT, VEGF and oestrogen receptor pathways [23]. Safety and tolerability of 

oral notch inhibitors combined with insulin like growth factor 1 inhibitor [26] as well as m-

TOR inhibitor [27, 28] has been previously reported. Identification of rational combination 

strategies that can be employed within the appropriate biological and clinical contexts will 

be critical in further clinical development of Notch inhibitors in patients with solid tumours.

Despite the demonstration of safety and tolerability, our study was terminated early for 

business reasons making it difficult to ultimately draw any firm conclusion. Our results, 

however, show that continuous target inhibition of the Notch pathway can be achieved using 

tolerable QD doses of BMS-986115. At the MTD 1.5 mg QD, the only DLT observed was 

Gr 3 nausea (N = 1). Although Gr 3/4 diarrhoea related to the study treatment was observed 

in 2 of 7 patients (29%) treated at this dose level, these events resolved to Gr 1 within 24 h 

with appropriate medical management. No DLT was observed at 1.2 mg QD dosing. 

Encouragingly, we also observed prolonged SD of >6 months with disease shrinkage in 3 

patients treated at dose levels that are pharmacodynamically active. It is regrettable, 

however, that we did not manage to perform correlative analyses on tumors to identify 

potential biomarkers of response in these patients because of early termination of the study.

In summary, our findings indicate that oral continuous QD doses of an oral gamma-secretase 

inhibitor BMS-986115 could be tolerable and may be clinically active in selected tumor 

types. However, although manageable, the risk of gastrointestinal toxicities remains 

relatively high in patients treated with continuous schedule and intermittent schedule may be 

better tolerated and preferable. In our study, although 8 mg BIW schedule was not found to 
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be tolerated, 2 patients tolerated 4 mg BIW dosing, and we could have tested an intermediate 

dose on the same schedule if the study was not terminated early. The findings from our study 

reinforce the fact that careful dose selection and scheduling may improve tolerability of oral 

Notch inhibitors while maintaining biological activity and therapeutic efficacy.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Fig. 1. 
Pharmacokinetics of BMS-986115 (parent) and BMT-100948 (metabolite) at steady state 

(week 3) in patients who received: a once daily regimen (Arm A), b twice weekly regimen 

(Arm B)
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Fig. 2. 
Geometric means of relative expression levels in peripheral blood following a single dose 

and once daily dosing with BMS-986115: a Hes1, and b Deltex1
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Table 1

Patient characteristics (N = 36)

Characteristics N (%)

Sex

 Male 17 (47)

 Female 19 (53)

Age

 Mean (SD), years 58 (14)

 Range 23–84

Race

 White 29 (81)

 Asian 7 (19)

Baseline WHO PS

 0 10 (28)

 1 25 (69)

 2 1 (3)

Cancer types

 Colon 5 (14)

 Adenoid cystic carcinoma 5 (14)

 Cholangiocarcinoma 3 (8)

 NSCLC 2 (6)

 Renal 2 (6)

 Thyroid 2 (6)

 Melanoma 1 (3)

 Breast 1 (3)

 Ovary 1 (3)

 Pancreas 1 (3)

 Prostate 1 (3)

 Rectal 1 (3)

 Gastric 1 (3)

 Desmoid fibromatosis 1 (3)

 Unknown 1 (3)

 Other 8 (22)

Prior anti-cancer therapy

 Surgery 36 (100)

 Radiotherapy 22 (61)

 Neo-adjuvant therapy 6 (17)

 Adjuvant therapy 11 (31)

 Systemic therapy for metastatic disease 29 (81)

Number of prior systemic treatment

 0 2 (6)

 1 12 (33)
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Characteristics N (%)

 2 7 (19)

 3 6 (17)

 ≥ 4 9 (25)
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