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Summary BackgroundRO4929097 is an oral inhibitor of γ -
secretase that results in Notch signaling inhibition. Prior work
has demonstrated that Notch signaling inhibition enhances
chemotherapy sensitivity of cancer cells. This phase I study
was conducted to determine maximum tolerated dose (MTD),
toxicities and efficacy of RO4929097 and capecitabine in
advanced solid tumors.Methods Patients with refractory solid
tumors received capecitabine at a fixed dose of 1,000 mg/m2

twice daily with escalating doses of RO4929097 on a 21-day
cycle in a 3+3 design. Capecitabine was administered for
14 days and the RO49029097 once daily, 3 days per week,
both for a 21 day cycle. Results Thirty patients were treated on
six dose levels (20 to 150 mg). The maximally tolerated dose
was not reached. One dose limiting toxicity was observed at
each level 3 through 6 (hypophosphatemia, fatigue, and nau-
sea/vomiting). Three confirmed partial responses were ob-
served: two patients with fluoropyrimide-refractory colon
cancer and one patient with cervical cancer. Autoinduction

of RO4929097 was demonstrated with increasing dose levels
and duration. Conclusions The recommended phase 2 dose is
capecitabine 1,000 mg/m2 orally twice daily on days 1
through 14 with RO4929097 20 mg orally once daily on days
1–3, 8–10 and 15–17 with a 21 day cycle. Clinical benefit was
observed in cervical and colon cancer. Autoinduction of
RO4929097 was seen both with increasing cycle number
and increasing dose. Plasma concentrations of RO4929097
were above those needed for Notch inhibition.
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Introduction

Notch is a cell surface protein receptor involved in transmit-
ting growth and proliferation signals to the cell [1]. Activation
of Notch occurs through ligand binding. Two Notch ligand
families, Jagged and Delta, have been described in mammals
with five ligands identified to date (Jagged 1, 2, and Delta 1, 3,
4). After ligand binding, two successive proteolytic cleavage
steps occur. The first step is mediated by ADAM/TACE (a
disintegrin and metalloprotease/tumor-necrosis factor α
converting enzyme) and occurs at the S2 cleavage site. The
second step occurs at the S3 cleavage site and is mediated by
the γ-secretase complex. The γ-secretase complex is involved
in cleaving and activating the cell surface protein receptor of
Notch [2].

Increased activation of Notch signaling is associated with
several tumors, including T-cell acute lymphoblastic leukemia
[3, 4], breast cancer [5–7], melanoma [8–10], lung cancer
[11–13] and colon cancer [14]. In colon cancer, increasing
expression of Notch-1 genes occurs as tumors progress
through the adenoma to carcinoma sequence and is even
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greater in metastases [14]. Blocking Notch signaling via γ-
secretase inhibition produces a slower growing, less trans-
formed phenotype in human cancer cells in vivo. Notch inhib-
itors also enhance chemotherapy sensitivity and decrease the
production of prosurvival factors by colon cancer cells [14].

RO4929097 is a potent and selective oral inhibitor of γ-
secretase that shows antitumor activity in multiple animal
models [15]. RO4929097 is active when dosed orally using
either an intermittent or continuous daily dosing schedule. Effi-
cacy is maintained for up to 90 days post-dosing with histolog-
ical analysis showing a phenotype indicative of Notch signaling
inhibition. In the first-in-human phase 1 study, multiple sched-
ules were found to be tolerated [16]. Common side effects were
fatigue, myelosuppression, fever, rash, chills, anorexia and
hypophosphatemia. Radiographic responses by RECIST were
seen in colorectal cancer, sarcoma and melanoma [16].

Capecitabine is an oral prodrug, which is approved by the
United States Food and Drug Administration (FDA) for breast
and colorectal cancer. Wide ranges of doses, schedules, and
concomitant medications have been studied, but a dose of
1,000 mg/m2 orally twice daily on days 1 through 14 of a
21 day cycle as monotherapy has demonstrated efficacy in
breast and colorectal cancers [17–19]. Extrapolating from the
results of Meng et al. [14] showing γ -secretase inhibitors
enhanced the chemotherapy sensitivity of colon cancer cells
and decrease prosurvival factors, we hypothesized that
RO4929097 would increase chemotherapy sensitivity to cap-
ecitabine in otherwise chemotherapy resistant metastatic co-
lorectal and breast cancer. The presence of autoinduction and
cytochrome P450 (CYP) interactions was also explored via
correlate studies. The goal of this study was to establish the
recommended phase 2 dose of the combination of
RO4929097 and capecitabine.

Materials and methods

Patient selection

Eligible patients had a histologically documented, advanced
solid malignancy refractory to standard therapy or for which
no curative therapy existed. Other inclusion criteria included:
age of at least 18 years; Eastern Cooperative Oncology Group
(ECOG) performance status of 0 to 2; adequate hematologic,
hepatic and renal functions (total white blood cell count ≥3,000/
μl, absolute neutrophil count ≥1,500/μl, platelets ≥100,000/μl,
total bilirubin within institutional normal limit, aspartate
transaminase/alanine transaminase ≤2.5 x the institutional upper
limit of normal, creatinine ≤1.5 mg/dl or creatinine clearance
≥60 ml/min/1.73 m2 for patients with creatinine levels above
institutional normal); and life expectancy greater than 12 weeks.

Exclusion criteria included untreated brain metastasis; che-
motherapy or radiation therapy within 4 weeks; anti-epileptics

metabolized by cytochrome P450 history of cirrhosis or un-
controlled electrolyte abnormalities; active infection; HIV,
baseline prolonged corrected QT interval on ECG (defined
as baseline QTcF (QT interval using Fridericia’s formula)
>450 msec [male] or QTcF >470 msec [female]), and known
dihydropyrimidine dehydrogenase (DPD) deficiency. Patients
were required to practice effective birth control.

All patients provided written informed consent. The proto-
col was approved by the Institutional Review Board of both
institutions.

Dose escalation

This was a phase I dose escalation study using a standard 3+3
schema (see Table 1). The starting dose of capecitabine was
1,000 mg/m2 BID for 14 days of a 21 day cycle and was not
escalated throughout the study. The RO4929097 dose was
initiated at 20 mg orally daily for three consecutive days follow-
ed by 4 days off (days 1–3, 8–10 and 15–17), and escalated as
seen in Table 1. This starting dose was selected because of
preliminary results frompharmacokinetic andpharmacodynamic
studies, showingminimal toxicities at a dose of up to 40 mg, but
with auto-induction likely seen at doses of 60 mg or higher. This
inducible effect appeared to be dependent upon both exposure
and duration. Thus, to optimize patient safety and minimize
autoinduction, dose escalation was begun at 20 mg of
RO4929097 daily. The maximum tolerated dose (MTD) was
defined as the highest dose at which there were less than two of
six patients with a dose-limiting toxicity (DLT).

Definition of dose limiting toxicities

Adverse events were evaluated using the National Cancer
Institute’s Common Terminology Criteria for Adverse Events
(CTCAE), version 4.0. DLTwas defined as a toxicity that was
considered at least possibly related to RO4929097 in combi-
nation with the planned dose of capecitabine. DLTs were
defined as one of the following adverse events occurring
during the first cycle: absolute neutrophil countless than500
for at least 7 days; febrile neutropenia or grade 3 or greater
neutropenic infection; platelets less than 25,000 or thrombo-
cytopenic bleeding; nonhematologic toxicity grade 3 or great-
er except nausea, vomiting, or diarrhea associated with sub-
optimal premedication and/or management; aspartate
transaminase/alanine transaminase elevations grade 3 or
higher for more than 7 days; toxicity leading to two or more
missed doses per cycle; and toxicity resulting in the delay of
the subsequent cycle by 14 days or greater.

Follow-up assessments

Imaging was required every three cycles (9 weeks) with
laboratory evaluations prior to each cycle of therapy every
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3 weeks. Disease status was assessed with the Response
Evaluation Criteria in Solid Tumors (RECIST), version 1.1
[20]. Electrocardiograms were performed as clinically indicat-
ed, including with electrolyte disturbances.

Pharmacokinetics

Sample collection Blood samples for evaluation of
RO4929097 pharmacokinetics were collected at baseline and
1, 2, 3, 4, 8, 12, 16 and 24 h after oral administration of
RO4929097 on day 3 and day 10 of cycle 1. Samples for
evaluation of capecitabine and its metabolites were obtained at
baseline, 1, 2, 3, 4 and 8 h after capecitabine administration
during cycle 1. Whole blood was centrifuged to obtain plasma
by standard methods and stored at −70° Celsius until analysis.
Concentrations of RO4909927 and capecitabine were quanti-
tated with a liquid chromatography-electrospray ionization
tandem mass spectrometric method as previously described
[21].

Sample preparation Samples contained 50 μL of subject
plasma. After microfuge, samples were quantitated by linear
regression from a six-point standard curve ranging from 3.91
to 1,000 ng/mL with a trend line (r2) of 0.990 over the range.
This quantitative method’s lower limit of quantitation (LLOQ)
was 15.62 ng/ mL, and the lower limit of detection (LOD) was
3.91 ng/ mL. Recovery of RO4909927 from plasma was
greater than 99 % compared to water standards. Intraday
variability was 0.62 % for low-standard triplicates and
1.46 % for middle-standard triplicates and 0.36 % for high-
standard triplicates. The interday variability over 35 days was
6.48% for a low standard, 4.32% for the middle standard, and
1.68% for a high standard. 5-fluorouracil (5FU), capecitabine,
5′-deoxy-5-fluorocytidine (DFCR) and 5-flurouradine
(DFUR) plasma concentrations were evaluated with a Spectra
Physics P2000 HPLC as previously described [21].

Statistical analysis

The primary outcomemeasure of this study was assessment of
toxicity. The number and severity of toxicity incidents deter-
mined the level of tolerance for RO4909927 and capecitabine

were categorization via Common Terminology Criteria for
Adverse Events standard toxicity grading. The number of
treatment anti-tumor responses served as the secondary out-
come measure and were summarized by simple descriptive
summary statistics delineating complete and partial responses
as well as stable and progressive disease.

Pharmacokinetic parameters were determined by
noncompartmental methods with WinNonlin Pro version 5.3
(Pharsight Corporation, Cary, N.C.). Area under the plasma
concentration–time curve was estimated using the trapezoidal
rule from time 0 to peak concentration and the log-trapezoidal
rule from the peak concentration to the last measurable plasma
concentration (AUClast). AUC (0– ∞) was then calculated from
the time of dosing and extrapolated to infinity. Dose adjusted
Cmax and AUC values were calculated by dividing Cmax and
AUC by the dose administered (in mg). Dose adjusted Css was
calculated by dividing the cycle 2, day 1 plasma concentration
prior to dosing by the dose administered. All pharmacokinetic
parameters were summarized by standard descriptive statistics
in terms of means and standard deviations. A two-sample t-test
was used to evaluate changes in the pharmacokinetic parame-
ters between the day 3 and the day 10 assessments. Analysis of
variance was conducted to compare pharmacokinetic parame-
ters between dose levels. AUC and Cmax values were log-
transformed before conducting the comparisons. Due to the
exploratory nature of the pharmacokinetic analysis, no adjust-
ments for multiple comparisons were used. All p-values were
two-tailed and p<0.05 was used for defining statistical signif-
icance. Data analyses were performed using SAS® (SAS Insti-
tute Inc., Cary, North Carolina) version 9.2.

Results

Patients

Thirty patients were accrued at two large academic cancer
centers, the University of Wisconsin Carbone Cancer Center
(Madison, Wisconsin) and Princess Margaret Cancer Centre
(Toronto, Ontario, Canada). Baseline patient characteristics
are summarized in Table 2.

Table 1 Dose escalation schema

Dose Level n Capecitabine RO4929097 Number of patients with DLT/Description

1 3 1,000 mg/m2BID 20 mg daily 0

2 3 1,000 mg/m2BID 30 mg daily 0

3 6 1,000 mg/m2BID 45 mg daily 1 grade 3 hypophosphatemia with prolonged QTc

4 6 1,000 mg/m2BID 68 mg daily 1 intolerable grade 2 fatigue which resulted in getting less than 75 % of planned doses

5 6 1,000 mg/m2BID 100 mg daily 1 grade 3 hypophosphatemia which took greater than 72 h to resolve despite supplementation

6 6 1,000 mg/m2BID 150 mg daily 1 grade 2 nausea and vomiting which resulting in delivery of less than 75 % of planned doses
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Dose escalation

Dose escalation began at level 1 and continued to dose level 6.
The MTD was not reached. One DLT was observed at each
level from 3 through 6. Observed DLTs were grade 3
hypophosphatemia with prolonged QT interval, intolerable
grade 2 fatigue which resulted in getting less than 75 % of
planned doses, grade 3 hypophosphatemia which took greater

than 72 h to resolve despite supplementation, and grade 2
nausea and vomiting which resulting in delivery of less than
75 % of planned doses. At each level, the dose cohort was
expanded, and no further DLTs were seen. At dose level 6, the
study was closed when the clinical development of
RO4929097 was stopped by the manufacturer.

Tolerability

Common side effects thought to be at least possibly related to
the study drug, and experienced by at least 10 % of patients
included nausea (70 %), vomiting (47 %), hypophosphatemia
(47 %), diarrhea (47 %), and fatigue (53 %) (Table 3). One
episode of hypophosphatemia was associated with ECG
changes (QT interval prolongation) and one episode took
longer than 72 h to resolve, despite holding the study drugs.

Pharmacokinetics

The primary pharmacokinetic endpoint was to compare day 3
and day 10 cycle 1 pharmacokinetic parameters. Pharmacoki-
netic parameters for RO4929097 by dose level as well as dose
adjusted AUC and Cmax for all cycles are depicted in Table 4.
Statistical comparisons were not performed within the dose
levels given the small sample sizes in each dose level, how-
ever, AUC and Cmax were dose adjusted, and pharmacoki-
netic parameters across dose levels were combined and are
also presented in Table 4. The combined data demonstrates a
significant decrease in both dose adjusted RO4929097 AUC,

Table 2 Patient characteristics

Characteristic n %

Total number of patients 30

Male 16 53

Caucasian race 27 90

Non-Hispanic ethnicity 29 97

Age, years

Median 59

Range 46–79

Tumor Type

Colon 18 60

Biliary tract 4 13

Head and neck (parotid, tongue) 3 10

Carcinoid 1 3

Cervical 1 3

Gastric 1 3

Small bowel 1 3

Unknown primary 1 3

Table 3 Adverse events at least possibly related to study drugs experienced by at least 10 % of patients (worst grade)

Adverse event Patients (n=30)

Grade 1 n (%) Grade 2 n (%) Grade 3 n (%) Grade 4 n (%) Grade 5 n (%) Overall n (%)

Anemia 0 2 (7) 1 (3) 0 0 3 (10)

Anorexia 5 (17) 2 (7) 0 0 0 7 (23)

Chills 3 (10) 0 0 0 0 3 (10)

Diarrhea 9 (30) 4 (13) 1 (3) 0 0 14 (47)

Dry skin 5 (17) 0 0 0 0 5 (17)

Fatigue 6 (20) 8 (27) 2 (7) 0 0 16 (53)

Headache 9 (30) 0 0 0 0 9 (30)

Hypokalemia 1 (3) 1 (3) 2 (7) 0 0 4 (13)

Hypophosphatemia 0 8 (27) 6 (20) 0 0 14 (47)

Nausea 17 (57) 2 (7) 2 (7) 0 0 21 (70)

Pain in legs 4 (13) 0 0 0 0 4 (13)

Palmar-plantar erythrodysesthesia syndrome 3 (10) 1 (3) 1 (3) 0 0 5 (17)

QTc prolongation 5 (17) 1 (3) 0 0 0 6 (20)

Taste alteration 5 (17) 0 0 0 0 5 (17)

Vomiting 11 (37) 1 (3) 2 (7) 0 0 14 (47)

Weight loss 3 (10) 1 (3) 0 0 0 4 (13)
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Table 4 RO4929097 pharmacokinetic parameters by day and dose level and combined

Pharmacokinetic parameter Dose level Day 3 Day 10 Day 10/Day 3

Mean SD Mean SD Mean SD

AUC0→∞ (ng/mL*hr) 1 (N=3) 27495.7 7232.0 9303.2 3938.7 0.34 0.13

AUC/dose 1374.8 361.6 465.2 196.9 0.34 0.13

Cl (ml/hr) 760.6 191.0 2518.9 1325.4 3.25 1.11

Cmax (ng/mL) 646.3 252.7 358.3 117.4 0.57 0.15

Cmax/dose 32.3 12.6 17.9 5.9 0.57 0.15

Half Life (hrs.) 36.2 17.5 30.7 16.4 0.83 0.09

Vd (l/hr) 36.9 14.0 90.8 19.9 2.61 0.64

AUC0→∞ (ng/mL*hr) 2 (N=3) 25912.1 10634.8 16609.4 17767.5 1.12 1.42

AUC/dose 863.7 354.5 553.7 592.3 1.12 1.42

Cl (ml/hr) 1354.5 720.8 4221.7 4516.0 4.35 5.49

Cmax (ng/mL) 655.7 235.5 668.5 615.9 0.95 0.50

Cmax/dose 21.9 7.9 22.3 20.5 0.95 0.50

Half Life (hrs.) 34.0 26.2 14.5 0.1 0.68 0.64

Vd (l/hr) 53.0 25.3 88.7 95.1 1.21 0.97

AUC0→∞ (ng/mL*hr) 3 (N=6) 29190.2 25658.9 7823.5 6923.0 0.46 0.26

AUC/dose 648.7 570.2 173.9 153.8 0.46 0.26

Cl (ml/hr) 3336.5 2872.3 9345.9 6298.7 2.91 2.01

Cmax (ng/mL) 1077.5 652.9 481.6 295.5 0.56 0.29

Cmax/dose 23.9 14.5 10.7 6.6 0.56 0.29

Half Life (hrs.) 17.8 8.6 9.5 2.4 0.68 0.09

Vd (l/hr) 63.3 39.5 118.9 72.8 2.02 1.52

AUC0→∞ (ng/mL*hr) 4 (N=7) 34414.8 29131.2 18050.7 18434.2 0.60 0.51

AUC/dose 506.1 428.4 265.5 271.1 0.60 0.51

Cl (ml/hr) 3056.8 2028.5 8024.8 7828.8 2.60 1.64

Cmax (ng/mL) 1638.4 1134.3 1011.7 646.4 0.58 0.24

Cmax/dose 24.1 16.7 14.9 9.5 0.58 0.24

Half Life (hrs.) 15.9 3.4 16.0 9.2 1.21 1.05

Vd (l/hr) 67.8 43.7 179.5 239.2 2.23 1.20

AUC0→∞ (ng/mL*hr) 5 (N=7) 51865.2 31553.4 32748.6 18133.9 0.59 0.31

AUC/dose 518.7 315.5 327.5 181.3 0.59 0.31

Cl (ml/hr) 2600.8 1471.4 3953.9 2222.4 2.84 3.05

Cmax (ng/mL) 2387.1 838.0 1473.2 588.9 0.58 0.22

Cmax/dose 23.9 8.4 14.7 5.9 0.58 0.22

Half Life (hrs.) 13.4 2.0 19.8 10.9 1.35 0.68

Vd (l/hr) 47.3 21.1 97.8 49.6 3.07 2.56

AUC0→∞ (ng/mL*hr) 6 (N=4) 81213.5 30834.9 15136.9 7117.1 0.19 0.16

AUC/dose 541.4 205.6 100.9 47.5 0.19 0.16

Cl (ml/hr) 2004.2 552.1 11141.1 5238.3 7.94 6.61

Cmax (ng/mL) 2350.0 762.2 1111.0 380.4 0.45 0.03

Cmax/dose 15.7 5.1 7.4 2.5 0.45 0.03

Half Life (hrs.) 75.6 108.1 10.3 0.7 0.36 0.44.

Vd (l/hr) 154.0 167.0 168.2 88.6 1.38 1.15

AUC/dose (hr/mL)† 1–6 (N=30) 666.0 444.4 295.8 252.6 0.55 0.50

Cl (ml/hr) † 2404.0 1755.8 6649.1 5735.1 3.47 3.0

Cmax/dose (1/mL) † 23.5 11.8 14.3 8.5 0.59 0.25

Half Life (hrs.) † 28.2 42.9 16.7 10.6 0.98 0.72

Vd (l/hr) † 69.5 72.1 128.1 129.0 2.28 1.52

† p<0.0001
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declining from 666±444 ng*hr/mg on day 3 to 296±
256 ng*hr/mg on day 10, and dose adjusted Cmax, declining
from 23.5±11.8 ng/mL/mg on day 3 to 14.3±8.5 ng/mL/mg
on day 10 (p<0.0001 for both comparisons). The half-life
declined between days 3 and 10, decreasing from 28.2±
42.9 h on day 3 to 16.7±10.6 h on day 10 (p<0.0001) with
a corresponding increase in clearance, suggesting
autoinduction of metabolism occurs by day 10 of cycle 1 with
this schedule.

The dose-adjusted steady-state concentrations on cycle 2,
day 1, prior to RO4929097 administration, were also evaluat-
ed by dose level with results shown in Fig. 1a. While
RO4929097 concentration tended to decrease at higher dose
levels, there is no significant correlation between concentra-
tion and dose (R2=−0.17 (95 % CI: −0.53–0.24, p=0.4136),
also supporting autoinduction of metabolism by RO4929097.

As an additional assessment of dose linearity and as a
correction for induction seen between day 7 and day 10, the
ratio of day 10/day 7 non-dose adjusted Cmax and AUC were
compared across dose levels. (See Fig. 1b and 2c) While the
overall trend was a decrease with increasing doses, there were
no significant changes in Cmax or AUC with increasing dose.

Pharmacokinetic parameters of capecitabine and metabo-
lites were similar to previously reported parameters (data not
shown).

Antitumor activity

Three confirmed partial responses were seen in two patients
with previously heavily treated, fluoropyrimidine-refractory

colorectal cancer, and one patient with previously treated
cervical cancer (10 %). The response time ranged from ap-
proximately 4 to 5 months. There were also nine patients
(30 %) with stable disease as their best response, with stable
disease defined as per RECIST [17] and after three or more
cycles. The response time ranged from 4 to 7.5 months. Stable
disease was seen in at least one patient with colorectal cancer,
carcinoid (low grade neuroendocrine carcinoma), cholangio-
carcinoma and head and neck cancer. Eighteen patients (60%)
had progressive disease as their best response.

Discussion

This phase I study evaluated the combination of the oral γ
secretase inhibitor RO4929097 along with capecitabine. The
intent of combining these two drugs was that the addition of
RO4929097 was to possibly overcome chemotherapy resis-
tance in refractory solid tumors. Consequently, the responses
and prolonged periods of stable disease that were seen in 5-FU
refractory colorectal cancer patients may be clinically mean-
ingful, but the inability to dose escalation the RO4929097 due
to autoinduction with increasing doses limits our ability to
fully evaluate this observation.

Relatively infrequent and expected grade 3 and 4 toxicities
were seen, including nausea, vomiting, diarrhea,
hypophosphatemia and fatigue. No MTD was reached, but
increasing levels of autoinduction of RO4929097 were seen at
escalating doses. The plasma concentrations of RO4929097

Fig. 1 a Mean Css and standard
errors (SEs) on day 1 of cycle 1
prior to RO4909297 dosing, b
mean and standard errors (SEs) of
Cycle 1 AUC Day 10/Day 3 ratio
by dose levels, c mean and
standard errors (SEs) of Cycle 1
Cmax Day 10/Day 3 ratio by dose
levels
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also decreased with increasing duration of dosing. Thus, the
highest serum levels of RO4929097 were seen at dose level 1.
The recommended phase 2 doses for this combination are
capecitabine 1,000 mg/m2 orally twice daily for days 1–14
plus RO4909297 20 mg daily days 1–3, 8–10 and 15–17 of a
21-day cycle.

Prior studies have demonstrated autoinduction of
RO4929097 [2], but not all pharmacokinetic studies of this
agent have identified this effect [24]. We demonstrated that
RO4929097 induces its own metabolism with increasing dose
level and with increasing duration of treatment. Although a
linear increase was expected, we observed a decrease in half-
life, with decreased or stabilized Cmax/dose with each in-
creasing dose level. Trough (Css) levels similarly decreased
with each increasing dose level with some patients having no
detectable RO4929097 prior to the first day of the second
cycle. Additionally, the RO4929097 AUC decreased with
increasing drug dose, suggesting futility of further dose esca-
lation at achieving higher levels of RO4929097. The volume
of distribution similarly increased with increasing dose and
frequency, but did not entirely explain the change in AUC,
Cmax, or Css. This autoinduction makes dose escalation
challenging. However, in spite of this autoinduction, at all
dose levels, the Cmax appeared to be above the level required
for Notch inhibition in the plasma. Thus, the initial dose
appeared to be enough to have on-target effects.

Promising partial responses were seen in two patients with
fluoropyrimidine-refractory colorectal cancer and one patient
with cervical cancer. Typically, capecitabine as a monotherapy
should not be as effect ive af ter progression on
fluoropyrimidine therapy. Although it is challenging to draw
many conclusions from a phase I study due to the inherently
small sample sizes and dose escalation design, these responses
support manipulation of the Notch pathway as a potentially
meaningful route for treating cancers, in particular colorectal
cancer. This also supports the hypothesis that RO4929097
may have accentuated the chemotherapy sensitivity of the
cancer cells and enhanced the effectiveness of capecitabine.
This response presumably is not just unique to RO4929097,
but should be seen with other γ –secretase inhibitors and
warrants future clinical trials. There are other Notch and γ –
secretase inhibitors still in clinical development, including
MK-0752, LY-411 and PF-03084014, among others [22].
The logical next step in targeting of this pathway will be in
developing a γ –secretase inhibitor which does not have
autoinduction and can successfully be paired with either 5-
fluorouracil or capecitabine. Prior evidence of RO4929097’s
ability to enhance VEGF pathway blockade activity after
resistance may be another logical pathway to exploit for
bevacizumab and/or regorafenib refractory colorectal cancers
[23].

In conclusion, the combination of RO4929097 and cape-
citabine is well tolerated and showed some promising tumor

activity in fluoropyrimidine-refractory metastatic colorectal
cancer. RO4929097 did demonstrate autoinduction at all dose
levels which limited the ability to dose escalate the doses.
Activity was seen in colorectal cancer supporting the devel-
opment of γ –secretase inhibitors further in this disease.
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