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Summary
BackgroundAT-101 is a BH3mimetic that inhibits the heterodimerization of Bcl-2, Bcl-xL, Bcl-W, andMcl-1 with pro-apoptotic
proteins, thereby lowering the threshold for apoptosis. This phase I trial investigated the MTD of AT-101 in combination with
paclitaxel and carboplatin in patients with advanced solid tumors.Methods Patients were treated with AT-101 (40 mg) every 12 h
on days 1, 2 and 3 of each cycle combined with varying dose levels (DL) of paclitaxel and carboplatin [DL1: paclitaxel (150 mg/
m2) and carboplatin (AUC 5) on day 1 of each cycle; DL2: paclitaxel (175 mg/m2) and carboplatin (AUC 6) on day 1 of each
cycle]. Secondary objectives included characterizing toxicity, efficacy, pharmacokinetics, and pharmacodynamics of the com-
bination. Results Twenty-four patients were treated across two DLs with a planned expansion cohort. The most common tumor
type was prostate (N = 11). Two patients experienced DLTs: grade 3 abdominal pain at DL1 and grade 3 ALT increase at DL2;
however, the MTD was not determined. Moderate hematologic toxicity was observed. One CR was seen in a patient with
esophageal cancer and 4 patients achieved PRs (1 NSCLC, 3 prostate). PD studies did not yield statistically significant decreases
in Bcl-2 and caspase 3 protein levels, or increased apoptotic activity induced by AT-101. Conclusion The combination of AT-101
at 40 mg every 12 h on days 1, 2 and 3 combined with paclitaxel and carboplatin was safe and tolerable. Based on the modest
clinical efficacy seen in this trial, this combination will not be further investigated. Clinical Trial Registration: NCT00891072,
CTEP#: 8016.
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Introduction

Defective regulation of apoptosis appears important to cancer
pathogenesis and progression, and has been associated with
resistance to standard therapy [1]. Manymembers of the Bcl-2

family of apoptosis-related genes are differentially expressed
in various malignancies, and correlation between the overex-
pression of the protein products of some Bcl-2 genes and
adverse prognosis has been reported in certain malignancies
[2]. The Bcl-2 family of proteins includes proapoptotic
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members (e.g., Bax, Bak, Bad, Bid, Bim) as well as those that
act to suppress apoptosis (e.g., Bcl-2, Bcl-xL, Bcl-W, Mcl-1)
[3]. The ratios and interactions of these anti- and pro-apoptotic
proteins determine the sensitivity or resistance of cells to var-
ious apoptotic stimuli. Alterations in the amounts of these
proteins have been associated with a variety of pathologic
conditions characterized by either too much or too little cell
death [4]. Previous research efforts indicate that Bcl-2 (and
Bcl-xL) bind to the BH3 domains of pro-apoptotic family
members, sequestering them and thereby inhibiting their abil-
ity to promote cell death [5]. Peptide and non-peptide BH3
mimetics have been shown in laboratory studies to inhibit the
heterodimerization of Bcl-2 or Bcl-xL to pro-apoptotic BH3
family members with the expected effects of increasing mito-
chondrial permeability and cytochrome-c release and activat-
ing effector caspases and apoptosis [6].

AT-101 [R-(−)-gossypol acetic acid)] is a BH3mimetic that
inhibits the heterodimerization of Bcl-2, Bcl-xL, Bcl-W, and
Mcl-1 with pro-apoptotic members, Bax and Bak, at
submicromolar affinity, and therefore, lowers the threshold
for apoptosis [7–9]. Pre-clinical data has demonstrated the
anti-tumor effects of AT-101; however, AT-101 has shown
only modest clinical efficacy as a single agent with no objec-
tive responses were observed [10–14]. Evidence of AT-101
single-agent clinical activity was limited to declines of
prostate-specific antigen [10] and stable disease [14].
However, unlike the BH3 mimetic navitoclax, in which Bcl-
xL induced thrombocytopenia is often a dose limiting toxicity,
there was little to no evidence of thrombocytopenia. While a
clear explanation is not apparent for the difference between
AT-101 and navitoclax in causing thrombocytopenia, it is no-
table that AT-101 demonstrated no consistent induction of
caspase-dependent apoptosis in limited correlative analyses
[14]. AT-101 toxicities primarily included nausea, vomiting,
and anorexia were seen [10, 14–16].

The combination of carboplatin and paclitaxel has wide ap-
plicability to many solid tumor types, including lung [17], blad-
der [18], head/neck [19], breast [20], and ovarian cancers [21].
Paclitaxel treatment results in prolongedmitotic arrest, elevated
levels of mitotic kinase activity, hyperphosphorylation of Bcl-
2, and subsequent cell death in epithelial tumor cells by reduc-
ing heterodimer formation of Bcl-2 with Bax [22–24].
Paclitaxel also induces Bim accumulation antagonizing both
Bcl-2 and Mcl-1 [25]. Cytotoxic chemotherapy is known to
promote apoptosis through p53 and BH3-only proteins, which
in turn bind to Bcl-2 [9]. The rationale for combining AT-101
with cytotoxic chemotherapy, such as carboplatin and paclitax-
el, derives from the hypothesis that the combination may be
more apoptogenic [26].

The primary aim of this phase I study was to determine to
the maximum tolerated dose (MTD) of AT-101 in combina-
tion with paclitaxel and carboplatin in patients with advanced
solid tumors.

Methods

Patients Eligible patients were > 18 years of age with histo-
logically or cytologically confirmed metastatic and/or
unresectable malignancies, and for which standard curative
or palliative measures no longer exist or are no longer effec-
tive. Other inclusion criteria included: an ECOG performance
status ≤2, life expectancy of ≥3 months, and adequate organ
function including: absolute neutrophil count of >1500/μL
and platelets >100,000/μL without hematopoietic growth fac-
tor support (such as granulocyte colony stimulating factor,
granulocyte macrophage colony stimulating factor, or inter-
leukin-11), or platelet transfusions, creatinine within normal
institutional limits (or a measured, 24 h, creatinine clearance
greater than 60 mL/min), total bilirubin within normal limits,
and aspartate transaminase and alanine transaminase ≤2.5
times the upper limit of normal). Patients were excluded if
they received more than nine months of previous marrow
damaging cytotoxic chemotherapy, or if they received prior
racemic gossypol or AT-101 treatment. Patients with clinically
and radiographically stable, previously treated, brain metasta-
ses, or those who clinically improved at least four weeks after
completion of radiation therapy and were off steroids were
considered eligible. This study was reviewed and approved
by the Institutional Review Board of the Rutgers, The State
University of New Jersey (Biomedical and Health Sciences)/
Rutgers Cancer Institute of New Jersey and all patients signed
written informed consent.

Study design and treatment This was an open-label, dose-
escalating, nonrandomized, single-center phase I study of
AT-101 (R-(−)-gossypol acetic acid; NSC726190) combined
with varying doses of paclitaxel and carboplatin administered
on a 21-day cycle (NCT00891072). AT-101 was provided by
the Cancer Therapy Evaluation Program (CTEP), National
Cancer Institute (NCI), NIH under cooperative research and
development agreement (CRADA). The recommended full
dose of AT-101 (40 mg orally every 12 h on days 1, 2 and 3
of each cycle) was combined with either a lower dose of pac-
litaxel (150 mg/m2 on day 1 of each cycle) and carboplatin
(AUC 5 on day 1 of each cycle) on dose level 1, or a higher
dose of paclitaxel (175 mg/m2 on day 1 of each cycle) and
carboplatin (AUC 6 on day 1 of each cycle) on dose level 2.
AT-101 was dosed orally 1 h prior to IV paclitaxel, which was
administered as an intravenous (IV) infusion over 3 h follow-
ing standard intravenous H-1 and H-2 antagonists and oral
dexamethasone. Carboplatin was administered following pac-
litaxel as an IV infusion over 30 min. AT-101 was omitted the
morning of Cycle 1 Day1 or Cycle 2 Day 1 in the expansion
cohort to assess apoptotic markers during paclitaxel and
carboplatin chemotherapy with and without AT-101.

Study participants were enrolled in a standard 3 + 3
cohort design. If 1 of 3 patients in a dose group
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experienced a dose limiting toxicity (DLT) during the first
cycle, 3 more patients were added to that dose group. The
MTD was defined as the highest dose at which no more
than 1 of 6 patients experienced a DLT in the first treat-
ment course. Intrapatient dose escalations were not per-
mitted. Patients who received less than 1 cycle of therapy
were replaced in the cohort. Treatment was continued for
a maximum of eight cycles, in the setting of no disease
progression and treatment tolerability. Patients exhibiting
response or benefiting from therapy, as determined by the
treating physician were allowed to continue on single
agent AT-101 therapy.

Primary and secondary endpoints

The primary endpoint was to determine the MTD of AT-
101 combined with paclitaxel and carboplatin. Secondary
endpoints included: describing the toxicities of the com-
bination, evaluating the human pharmacokinetic disposi-
tion of AT-101 in the context of escalating doses, describ-
ing the pharmacokinetics of paclitaxel when given con-
currently with AT-101, and evaluating evidence of clinical
activity.

Clinical assessments Medical history and demographic data
were collected at screening (days −28 to 0). A physical exam-
ination and laboratory tests (including a complete blood count
with differential, chemistry, and urinalysis) were performed at
screening (days −14 to 0), on day 1 of every cycle, and at least
30 days after the last dose of study medication. An electrocar-
diogram and troponin I levels were obtained at baseline, 24 h
following the completion of 3 days of dosing of AT-101, and
at the completion of the study. Imaging of involved cancer
sites was performed within 4 weeks of enrollment and after
every 2 cycles. Responses were assessed using Response
Evaluation Criteria in Solid Tumors Version 1.0 (RECIST
1.0) [27].

Adverse events were monitored and graded according to
the National Cancer Institute Common Toxicity Criteria
version 3.0 (before August 2010) or version 4.0 (after
August 2010). A DLT was defined as ≥ grade 3 non-
hematological toxicity excluding nausea, vomiting, or diar-
rhea; grade 3 nausea, vomiting, or diarrhea uncontrolled by
maximal antiemetic/antidiarrheal therapy; grade 4 neutro-
penia of ≥7 days duration or with fever >38.5 °C, grade 3
neutropenia with > grade 3 infection; elevated serum tropo-
nin of any grade; grade 4 carboplatin/paclitaxel infusion
related events; thrombocytopenia of any grade if associated
with clinically significant bleeding, or grade 4 thrombocy-
topenia. For purposes of dose escalation and determination
of MTD, only toxicities observed during cycle 1 were eval-
uated for DLTs.

Pharmacokinetic sampling and analysis

Data available in the literature delineating the bioavailability
or metabolic fate of AT-101 remain limited [28, 29] and sug-
gest that the drug may demonstrate variable bioavailability, or
perhaps be subject to conjugative pathways [30, 31]. Overall,
while the data do not support a high level of suspicion for a
pharmacokinetic interaction between paclitaxel and AT-101,
unsuspected effects (e.g. competition for plasma protein bind-
ing) warrant surveillance of paclitaxel disposition, given its
toxicity profile. Thus, this study assessed the pharmacokinet-
ics of AT-101 and any acute effect of paclitaxel administration
on such (cycle 1 day 1) in addition to paclitaxel
pharmacokinetics.

Blood samples were collected on Cycle 1 Day1 from pa-
tients enrolled on the dose escalation cohorts. Patients enrolled
to the dose expansion cohort omitted the morning dose of AT-
101 on Day 1 of either Cycle 1 or Cycle 2. Blood samples
were collected on Day 1 of both cycles from expansion cohort
patients in order to evaluate any acute effect of AT-101 on the
pharmacokinetics of paclitaxel.

Since AT-101 was given one hour before starting the pac-
litaxel infusions, we used a combined sampling schedule to
allow for determination of both paclitaxel and AT-101 phar-
macokinetics. We thus obtained blood samples pre AT-101
treatment, and at 1 h, 2 h, 3 h, 4 h (end of paclitaxel infusion),
4.5 h, 5 h, 5.5 h, 6 h, 8 h, 10 h, and 24 h post AT-101 treatment.
When AT-101 a.m. dose was omitted, the blood samples were
obtained at pre- paclitaxel, 1 h, 2 h, 3 h (end of paclitaxel
infusion), 3.5 h, 4 h, 4.5 h, 5 h, 6 h, 7 h, 9 h, and 24 h post
the beginning of paclitaxel infusion.

Plasma concentrations of AT-101 were assessed using a
validated high performance liquid chromatography HPLC
assay [31]. Briefly, plasma samples were stabilized with
reduced glutathione and maleic anhydride. Subsequent ex-
traction procedures included addition of R-(−)-gossypol-
diamino-propanol as an internal standard, precipitation
with acetonitrile and centrifugation at 4 °C. Samples were
injected into a HPLC system equipped with a Zorbax
Eclipse XDB C18 column (4.6 × 150 mm, Agilent, Santa
Clara, CA) at 30 °C using a isocratic elution with mobile
phase (10 mM potassium monophosphate pH 3.0, and ace-
tonitrile (20:80) at 30 °C. The method was applicable for
measuring concentrations ranging from 28 ng/mL to
3.58 μg/mL using 300 μL of stabilized human plasma for
extraction. Plasma concentrations of paclitaxel were deter-
mined by a validated HPLC method using a solid phase
extraction. The method was applicable for measuring con-
centrations ranging from 0.039 to 10.0 μg/mL using
500 μL of human plasma sample for extraction.

The pharmacokinetic parameters, including the terminal
half-life (t1/2), Cmax, Tmax, AUC0-10h, AUClast and apparent
clearance (Cl/F) were estimated using a noncompartmental
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model with WinNonlin 2.1 software (Pharsight Corp, Palo
Alto, CA). Descriptive statistics of pharmacokinetics parame-
ters included are arithmetic means, standard deviation (SD),
standard error (SE), and coefficient of variation (CV). Student
t-test of mean pharmacokinetic parameters was used for the
statistics evaluation (p < 0.05).

Pharmacodynamics

Peripheral bloodmononuclear cellswere isolated fromblood
at baseline and 1, 2, 4, and 8 h after paclitaxel infusion for
both cycle 1 and cycle 2. All samples were stored at −80 °C,
and analyzed for apoptosis using semi-quantitative immuno-
blot analysis of activated caspase 3 and PPAR-gamma cleav-
age. Comparisonsweremade in the change in apoptosis with
and without the addition of AT-101 to carboplatin and
paclitaxel.

Results

Patient characteristics

Twenty-four patients were enrolled and received one or more
cycles of treatment. Patient demographics and baseline dis-
ease characteristics are shown in Table 1. The most common
tumor type was prostate (N = 11; 46%). Twenty-two (92%) of
the 24 patients had received prior chemotherapy, with 10 pa-
tients (42%) receiving two or more prior chemotherapy regi-
mens. Of the 22 patients who received prior chemotherapy, 15
received prior taxane therapy and 9 received prior platinum
therapy. The number of patients treated at each dose level and
number of cycles administered are shown in Table 2. Six
(25%) of the 24 patients remained on study for at least
8 cycles.

Patient enrollment and toxicities

Of the first 3 patients enrolled on dose level 1, one experi-
enced grade 3 abdominal pain, which was considered a DLT.
The patient presented with severe abdominal pain secondary
to nausea, vomiting, and constipation following the first dose
of AT-101. Due to the proximity to AT-101 dosing and the
severity of the pain, the event was declared as possibly related
to study drug. The patient continued on study following a dose
reduction.

As a result of the DLT, 3 more patients were enrolled at
dose level 1 and were cleared without any DLTs. Dose esca-
lation continued to dose level 2 and 1 patient experienced a
DLT (grade 3 ALT elevation). The patient presented to the
hospital with grade 2 fatigue and fevers, grade 2 anorexia
and grade 3 ALT elevation the day following his third dose
of AT-101 during cycle 1. The patient recovered and contin-
ued on study with a dose reduction and the event was deemed
as probably related to AT-101. Subsequently, three more pa-
tients were enrolled on dose level 2, and none experienced any
DLTs. An expansion cohort (EC) of 12 patients was opened at
dose level 2.

A summary of the non-hematologic toxicities attributed to
treatment is provided in Table 3. The most common non-
hematologic toxicities for all cycles attributed to treatment
were: fatigue (N = 20; 83%), nausea (N = 13; 54%), metabo-
lism and nutrition disorders (N = 13; 54%), and anorexia (N =
12; 50%). Most of the toxicities were grade 1 or 2. The most
common non-hematologic toxicity at dose level 2 was grade
1/2 fatigue (N = 17; 71%) .

We observed moderate hematologic toxicity as outlined
in Supplemental Table 1. Grade 3 or 4 anemia, thrombo-
cytopenia, neutropenia, and leukopenia were reported in
one patient (4%), one patient (4%), five patients (21%),
and three patients (13%), respectively. Grade 1/2 throm-
bocytopenia was observed in 1 patient in DL1 and in 5

Table 1 Patient demographics and baseline disease characteristics

Parameter No. patients (N = 24) %

Median age, y (range) 61.5 (37–73)

Gender

Male 19 79

Female 5 21

Race

Caucasian 20 83

African American 3 13

Asian 1 4

ECOG Performance Status

0 8 33

1 14 58

2 2 8

Tumor type

Prostate 11 46

Breast 3 13

Colon 3 13

Melanoma 2 8

Penile 1 4

Bladder 1 4

Thymus 1 4

NSCLC 1 4

Esophagus 1 4

Prior antineoplastic therapy

Chemotherapy 22 92

Hormonal 12 50

Immunotherapy 1 4

Molecular targeted therapy 8 33

Prior radiotherapy 14 58
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patients in DL2. Twelve (50%) patients received
filgrastim or pegfilgrastim therapy, and 2 patients (8%)
received erythropoietin therapy while also being treated
with filgrastim or pegfilgrastim. There were no other se-
r ious hematologic adverse events. Two patients
discontinued carboplatin on cycle 7 due to an adverse
reaction. Dose reductions for both paclitaxel and
carboplatin were administered in one patient on dose level
2 during cycle 5. Dose escalation cohorts proceeded
through both dose levels without the determination of
the MTD. AT-101 at the pre-specified dose level was tol-
erable at standard doses of chemotherapy.

Antitumor activity

Among the 24 treated patients, 1 patient with esophageal ad-
enocarcinoma achieved a complete response (CR), and
remained in a CR for 7 cycles. Prior therapy for this patient
included paclitaxel175 mg/m2 and carboplatin, starting AUC
of 6, and pazopanib. Four patients (17%), 1 with non-small
cell lung cancer (NSCLC) and 3 with prostate cancer,
achieved a partial response (PR)—three of the which were
confirmed PRs. The 3 prostate patients with PRs received a
median of 3 prior lines of therapy (range 2–4) and a median of
1 prior line of cytotoxic chemotherapy (range 1–2). All 3 PRs

Table 3 Non-hematologic toxicities

First Cycle All Cycles

DL 1(n = 6) DL 2 (n = 18) DL 1(n = 6) DL 2 (n = 18)

G1/G2 G3/G4 G1/G2 G3/G4 G1/G2 G3/G4 G1/G2 G3/G4

Abdominal pain 1 (DLT) 1 1 1
Elevated ALT/AST 1 1 (DLT) 3 3 1
Increased alkaline phosphatase, bilirubin 3 1 5
Anorexia 1 8 4 8
Constipation 1 4 1 1 5
Diarrhea 2 5
Fatigue 12 1 3 17
Fever 1 1
Flushing 2 2 2 2
Headache 1 1
Hypertension 1 1
Metabolism and nutrition disorders* 11 1** 1** 11 1**
Insomnia 1 1
Oral mucositis 1 1
Myalgia 2 2
Nausea 2 9 2 11
Pruritus 1 1
Vomiting 2 3 2 8

*Hyperkalemia, Hypertension, Hypoalbuminemia, Hypocalcemia, Hypokalemia, Hypomagnesemia, Hyponatremia, Hypophosphatemia, Hyperkalemia
**Hypophosphatemia

DL 1: Dose Level 1

DL2: Dose Level 2

G1/G2: Grade 1/Grade 2

G3/G4: Grade 3/4

Table 2 Patients treated at each dose level

Dose
Level

AT-101 mg
BID

Paclitaxel
mg/m2

Carboplatin
AUC

No of Pts
Evaluable for
tox at time of
analysis

DLT First Cycle No of
Cycles

Dose reduction
during C1 due to drug
related AE

Dose reductions
after C1 due to
drug related AE

GCSF after
C1

1 40 150 5 6 1
(Abdominal pain)

35 1 1 1

2 40 175 6 18 1
(Elevated ALT)

93 2 3 11

Invest New Drugs (2020) 38:855–865 859



had prior treatment with docetaxel and no prior platinum ther-
apy. The PR with NSCLC was chemotherapy naïve. Eight
patients (33%) experienced stable disease (SD), including 1
small cell neuroendocrine bladder/prostate carcinoma patient,
1 breast cancer patient, and 6 patients with prostate cancer.
Nine of the 11 patients with prostate cancer were evaluable
for response: 3 experienced PR (EC9, 7 12) at dose level 2 and
6 experienced SD (Fig. 1a). The median duration of stable
disease was 6 cycles (range 4–12 cycles). All prostate patients
had received previous docetaxel therapy. The median duration
of response was 10 cycles (range 9–10 cycles). Four out of 11
patients (36%) with prostate cancer exhibited more than a
50% reduction in PSA (Fig. 1b). Supplemental Table 2 in-
cludes details relating to each patient’s response on trial, in-
cluding prior type and number of therapies, dose levels, dura-
tion of best response, and PSA levels for prostate patients.

Pharmacokinetics

The pharmacokinetic (PK) parameters of AT-101 are sum-
marized in Table 4 and (Fig. 2a-f ) . The plasma
concentration-time profiles of AT-101, obtained from 18
patients, are shown in Table 4. The concentration-time pro-
files showed large inter-patient variation, with Tmax and
Cmax ranging from 2 h – 10 h and from 0.12–0.92 μg/
mL, respectively, suggesting that the absorption rate of
AT-101 varies between patients. In this study, the estimated
PK parameters apparent clearance, t1/2, and AUC also
showed large inter-patient variation (Fig. 2c-e). In 4 of 22
patients, plasma AT-101 levels either remained constant or
kept rising for as long as 10 h (Fig. 2b), suggesting abnor-
mal absorption and elimination of AT-101. The Cmax oc-
curred at 10 h (Tmax) for Pt-11, while the AT-101 levels in
plasma remained plateau from 5 h to 10 h in three other

patients (Pt-EC-3, EC-7, EC-10), suggesting slow absorp-
tion from GI tract, and no significant elimination phase
with a longer t1/2 (>15 h). Excluding those patients with
abnormal absorption, we summerized the PK parameters of
18 patients’ data. The average Tmax and Cmax were 3.83 ±
1.14 h (range 2–6 h), and 0.60 ± 0.21 μg/mL (range 0.24–
0.92 μg/mL), respectively. The average AUC0-10h (μg/
mL*hr) was 3.20 ± 1.07 (range 1.42–5.12 μg/mL*hr).
The mean apparent oral clearance (CL/F) was 11.08 ±
4.28 L/h (range 6.06–21.2 L/h). Since the bioavailability
(F) of AT-101 remains unknown, the PK parameter clear-
ance represents only apparent clearance. The plasma t1/2 of
AT-101 was 3.27 ± 1.0 h (range 2.2–6.2 h). We observed
that following the second dose, AT-101 levels increased
over the first dose at 12 h levels in almost every patient.
In this study, there were no significant changes in AT-101
PK parameters (AUC0-10h and apparent clearance), sug-
gesting that the combination of AT-101 with paclitaxel
and carboplatin demonstrates no significant drug
interaction.

The estimated PK parameters of paclitaxel in combina-
tion with/without AT-101 in this study are presented in
Table 5, and Fig. 2g). The average plasma concentration-
time plots of paclitaxel are shown in Fig. 2g (with AT-
101), and Fig. 2h (without AT-101). The PK parameters
Cmax, AUCinf and CL were not significantly different be-
tween the groups with or without AT-101 in cycle 1 and
cycle 2. The Cmax, AUCinf and CL values for paclitaxel
were comparable in the odd number patients treated with
A + P + C in cycle 1 and treated with P + C in cycle 2 in
the extended cohort. Student t-test showed no significant
difference in these treatment groups including paclitaxel
pharmacokinetic parameters (t1/2, AUCinf, clearance) with
and without AT-101.
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Pharmacodynamics

In this study, pharmacodynamic studies we evaluated Bcl-
2 protein level change in response to cytotoxic chemo-
therapy alone and in the combination of chemotherapy
with AT-101, using PBMCs collected at different time
points within the first 12 h after chemotherapy infusion.
We also evaluated caspase 3 protein levels as a maker of
apoptotic activities (data not shown). Although detection
of Bcl-2 level alteration in PBMCs in response to modu-
lating agents was shown as feasible in Phase II studies
[32], we detected no statistically significant decrease of
Bcl-2 protein level or increased apoptotic activities in-
duced by AT-101.

Discussion

The purpose of this phase I study was to determine the MTD
of the combination of AT-101 administered ag 40 mg orally
every 12 h on days 1, 2 and 3 in combination with two dose
levels paclitaxel and carboplatin on a 21-day cycle in patients
with advanced solid tumors. Dose escalation occurred through
both planned dose levels without sufficient DLTs to constitute
the MTD, indicating that AT-101 given with either a higher or
lower dose of paclitaxel and carboplatin was safe and relative-
ly well tolerated.

The DLTs observed in this study were alanine aminotrans-
ferase (ALT) elevation and abdominal pain. No ALT eleva-
tions were observed in the monotherapy phase I/II study, in
which AT-101 was given at 30 mg/day for 21 of 28 days;
however significant gastrointestinal toxicities were observed,

consistent with previous studies [10]. No small bowel obstruc-
tions were observed in this study with intermittent AT-101
dosing, which was often seen in studies involving continuous
daily doing of AT-101 [10]. ALT elevations and gastrointesti-
nal toxicities were observed in a phase II study of AT-101 in
patients initiating androgen deprivation therapy (ADT) and in
a phase I study of AT-101 in combination with cisplatin and
etoposide [33, 34]. The most common non-hematologic ad-
verse event was fatigue, and the most common hematologic
adverse event was anemia. This side effect profile is compa-
rable with what has been reported Phase I/II study with the
same dose schedule of AT-101 plus docetaxel [35]. The lack
of prominent thrombocytopenia observed in this study is un-
usual for Bcl-2 mimetics targeting Bcl-xL. Notably,
navitoclax (ABT-263) a Bcl-2 mimetic, is typically associated
with Bcl-xL induced thrombocytopenia as a single agent [15].
Moreover, thrombocytopenia resulting from navitoclax in
combination with carboplatin and paclitaxel was observed in
36.8% of patients and was a dose limiting toxicity in 1/5
patients with DLTs [36]. The lack of the Bcl-xL induced
thrombocytopenia as a result of AT-101 suggests that AT-
101 may not be inhibiting these pro-apoptotic targets as selec-
tively as other agents developed to modulate apoptosis.

In the pharmacokinetic studies, the estimated parameters t1/2,
AUC, and clearance of AT-101 showed large interpatient varia-
tion, in 4 out of 22 patients’ plasma gossypol levels remaining
constant or continually rising for as long as 10 h, indicating
abnormal absorption and elimination of AT-101. This could pos-
sibly contribute to the discrepancies of the DLTs observed in this
study versus the previous monotherapy study. AT-101 PK data
could not be compared with previous studies carried out in lim-
ited number patients and the differences in dose and formula-

Table 4 Pharmacokinetic parameters for AT-101 with the combination of paclitaxel and carboplatin

Cycle n Dose Cmax

(μg/mL)
t1/2 (h) Tmax(h) AUC0-10h

(μg/mL*h)
Apparent Clearance (L/h)

AT-101 Paclitaxel Carbo-platin Mean
(SD)

%CV Mean
(SD)

%CV Mean
(SD)

%CV Mean
(SD)

%CV Mean
(SD)

%CV

1 5 40 mg 150 mg/m2 AUC 5 0.66 (0.25) 38 3.33 (0.55) 17 4.30 (1.09) 25 3.53 (1.33) 38 9.99
(4.53)

45

1 9* 40 mg 175 mg/m2 AUC 6 0.59 (0.24) 33 3.51 (1.31) 37 3.94 (1.07) 27 3.08 (0.97) 31 10.97
(4.45)

41

2 4* 40 mg 175 mg/m2 AUC 6 0.58 (0.22) 37 2.66 (0.07) 3 3.00 (1.15) 38 3.04 (1.18) 39 12.66
(4.26)

34

18* 40 mg 0.60 (0.21) 34 3.27 (1.0) 31 3.83 (1.14) 30 3.20 (1.07) 33 11.08
(4.28)

39

*Plasma concentration-time data for the four patients (Pt 11, Pt EC-3, Pt EC-7 and Pt EC-10) were excluded from the PK analysis summary due to not
enough data points for elimination t1/2 estimation using non-compartmental analysis

Abbreviations: CmaxMaximum concentration, t½ half-life, Tmax Time at maximum concentration, AUC Area under time concentration-time curve, n
Number of patients, S.D. Standard deviation, % CV % Coefficient of variation
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tions. The pharmacokinetic parameters of paclitaxel were com-
parable to the previous report of a 3 h IV infusion as a single
agent [37] and we conclude that the oral administration of AT-
101 did not alter paclitaxel pharmacokinetics.

In the pharmacodymanic studies, we did not detect statis-
tically significant decreases of Bcl-2 and Caspase 3 protein
levels or increased apoptotic activities induced by AT-101 as
demonstrated in VCaP prostate cancer cells in preclinical
studies [38]. The lack of statistically meaningful change of
Bcl-2 protein levels in PBMCs in our study may relate to the
small sample size, time point selection, or insufficient effects,
especially if AT-101 exhibits less selective modulation of
BCL-2 family proteins targets.

In this study, designed to identify the MTD of the trip-
let, it is not possible to discern with certainty the contribu-
tion of AT-101 to treatment response in these patients.
Evidence of efficacy was seen in 5 patients that achieved
durable objective responses. One patient with esophageal
cancer and prior carboplatin/paclitaxel therapy achieved a
complete response and maintained a CR for 7 cycles
(28 weeks), and 4 patients, all naïve to the carboplatin/
paclitaxel treatment backbone achieved partial responses
(1 NSCLC and 3 prostate). Twelve patients with varying
tumor types experienced stable disease for a median of
6 cycles (range 4–12 cycles). Of the 11 prostate cancer
patients, 3 (all chemotherapy naïve) experienced a partial
response, and 6 experienced stable disease for a disease
control rate of 82%. The median cycles of previous doce-
taxel in patients who experienced PR and SD was 3 (range
1–3) and 3.5 (range 1–6) cycles, respectively. Decline in
PSA appeared consistent with previous studies [10]. While
others have reported objective responses in patients with
esophageal, prostate and NSCLC treated with AT-101 and
chemotherapy [34, 35, 39]. randomized studies of docetax-
el with or without AT-101 in patients with NSCLC as sec-
ond line therapy, or as first line therapy for metastatic
castrate-resistant prostate cancer, did not improve clinical

outcomes [35, 39]. While disease control was achieved in
docetaxel refractory prostate cancer patients, we are unable
to conclude that that the treatment responses were AT-101
dependent. Taken together, the clinical benefit seen from
this and other phase 1 studies [40, 41] is modest.

In conclusion, AT-101 in combination with carboplatin and
paclitaxel appeared generally well tolerated in this patient
population. Due to the limited clinical activity, in this and in
other studies, further evaluation of this combination is not
recommended.
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Table 5 Pharmacokinetic parameters for paclitaxel with the combination of AT-101 and carboplatin

Cycle n Dose Cmax

(μg/mL)
AUCinf

(μg/ml*h)
t1/2 (h) Clearance(L/h)

AT-
101

Paclitaxel Carbo Mean (SD) %CV Mean (SD) %CV Mean
(SD)

%CV Mean (SD) %CV

1 6 40 mg 150 mg/m2 AUC 5 3.39
(0.42)

13 12.73
(2.58)

20 7.53 (1.23) 16 12.19 (2.47) 20

1 12 40 mg 175 mg/m2 AUC 6 4.69
(1.13)

24 17.20 (3.98) 23 7.35 (2.00) 27 10.67 (2.39) 22

2 5 40 mg 175 mg/m2 AUC 6 3.56 (0.42) 12 14.46 (1.10) 8 7.66 (2.28) 30 12.16 (0.98) 8

1 6 – 175 mg/m2 AUC 6 3.77 (0.41) 11 14.65 (1.54) 10 7.96 (2.56) 32 12.40 (3.45) 28

2 6 – 175 mg/m2 AUC 6 3.88 (0.93) 24 14.88 (3.73) 25 7.58 (1.83) 24 12.05 (1.26) 10

Abbreviations: Cmax Maximum concentration, AUC Area under time concentration-time curve, t½ half-life, n Number of patients, S.D. Standard
deviation, % CV % Coefficient of variation
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