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Summary Background This phase Ib study used a parallel,
multi-arm design to examine tasisulam-sodium (hereafter
tasisulam), a drug with complex pharmacology, combined
with standard chemotherapies in patients with advanced solid
tumors, with the ultimate goal of accelerating drug develop-
ment.Methods Patients received escalating doses of tasisulam
(3+3 schema; target Cmax 300–400 μg/mL) every 28 days
plus 1,000 mg/m2 gemcitabine HCl (days 1 and 15), 60 mg/
m2 docetaxel, 200 mg/m2/day temozolomide, 75 mg/m2 cis-
platin, or 150 mg/day erlotinib. Following dose-escalation,
patients were enrolled into specific tumor subtype arms, cho-
sen based on the established activity of the standard agent.
Because tasisulam is highly albumin-bound, patients in the
tumor-specific confirmation arms were dosed targeting spe-
cific albumin-corrected exposure ranges (AUCalb) identified

during dose-escalation (3,500 h*μg/mL [75th percentile] for
docetaxel, temozolomide, and cisplatin; 4,000 h*μg/mL for
gemcitabine and erlotinib). Results A total of 234 patients
were enrolled. The safety profile of tasisulam with standard
chemotherapies was sufficient to allow enrollment into the
dose-confirmation phase in all arms. The primary dose-
limiting toxicities were hematologic (thrombocytopenia and
neutropenia). The most common grade ≥3 drug-related treat-
ment-emergent adverse event was neutropenia, with the
highest incidence in the docetaxel arm. Conclusions The
multi-arm design allowed the efficient determination of the
maximum tolerated dose of tasisulam across multiple combi-
nations, and a preliminary characterization of pharmacokinet-
ics, safety, and potential efficacy. Although enrollment into all
planned groups was not completed due to termination of
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compound development, these data support the feasibility of
this approach for accelerated cancer drug development, even
for drugs with complex pharmacology.
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Introduction

Many agents, particularly cancer chemotherapies, are eventu-
ally used in combination with other agents. For this reason, in
addition to traditional phase I monotherapy trials, the clinical
development plan of an investigational agent sometimes in-
cludes combination (phase Ib) trials, which are usually run as
individual trials. Although preclinical studies provide initial
direction, identifying active combination regimens in humans
can be a lengthy process, particularly for compounds with
complex pharmacology or a novel mechanism of action. As
proposed by Von Hoff [1] and others [2, 3], a more efficient
approach is the “Complete Phase 1b Study,” which tests
various drug combinations in one trial with multiple combi-
nation treatment arms running in parallel.

The study described in this report applied the “Complete
Phase 1b Study” design to investigate tasisulam, a novel
acylsulfonamide antineoplastic agent, in combination with
standard of care chemotherapeutic agents in patients with
advanced solid tumors. At the time this study was designed,
tasisulam was being evaluated as a single agent in several
tumor types [4–9]. However, preclinical studies suggested that
it might have even greater activity at more modest doses in
combination with other chemotherapeutic agents, an attractive
strategy given the potential for greater pharmacokinetic (PK)
and safety variability at higher doses due to high-affinity
albumin binding. First, tasisulam demonstrated a unique
anti-tumor dual mechanism of action, involving mitotic catas-
trophe and antiangiogenesis [10]. Second, in the National
Cancer Institute Comparative Assay for Regulatory Elements
(COMPARE) analysis, the activity profile of tasisulam could
not be matched with any other cytotoxic compound with a
known mechanism of action [11].

The design of the present study allowed for the parallel
investigation of tasisulam in combination with five standard of
care chemotherapies—gemcitabine HCl [12, 13], docetaxel
[14, 15], temozolomide [16, 17], cisplatin [18, 19], and erlo-
tinib [20]—selected on the basis of their toxicity profiles,
potential mechanism of action-related synergy, and opportu-
nity for future clinical development in specific tumor types.
The rationale for studying tasisulam in combination was based
on mouse xenograft studies that demonstrated greater activity
when tasisulam was combined with dacarbazine, cisplatin,
docetaxel, or gemcitabine than when it was administered

alone (Eli Lilly and Company, data on file). In addition,
tasisulam and erlotinib have been investigated in a panel of
non-small cell lung cancer (NSCLC) cell lines with mutant or
wild-type epidermal growth factor receptor (EGFR), in addi-
tion to Chinese Hamster Ovary cells transfected with mutant
EGFR, with greatest activity noted when the 2 agents were
given together (Eli Lilly and Company, data on file).

This study included a dose-escalation phase to determine
the maximum tolerated dose of tasisulam when used in com-
bination with gemcitabine, docetaxel, temozolomide, cisplat-
in, or erlotinib. Following successful dose-escalation, patients
were enrolled into specific tumor subtype arms, chosen based
on the established activity of the standard agent partner. Thus,
this study added something new to the “Complete Phase 1b
Study” design because it included a dose-confirmation phase.
Ultimately, we aimed to determine the feasibility of this inno-
vative “Complete Phase 1b Study” approach for simulta-
neously investigating several different drug combinations
with tasisulam, especially given its complex pharmacology,
and to ascertain whether our results supported the broader use
of this study design for cancer drug development.

Methods

The primary objective of this non-randomized, open-label,
phase Ib study (sponsored by Eli Lilly and Company, India-
napol is , IN, USA; Li l ly Tria l : H8K-MC-JZAK;
ClinicalTrials.gov Identifier: NCT01284335) was to deter-
mine the recommended dose of tasisulam given concurrently
with standard doses of gemcitabine HCl (arm A), docetaxel
(arm B, later split into arms B1 and B2 in which docetaxel and
tasisulam administration was separated by 3 days using alter-
nate sequences [see the Results section]), temozolomide (arm
C), cisplatin (arm D), or erlotinib (arm E) in patients with
advanced solid tumors. Secondary objectives were to charac-
terize the safety profiles of the five combinations, estimate
tasisulam PK parameters, and document best overall response
rates in specific tumor types. The study was conducted in
accordance with ethical principles, including the Declaration
of Helsinki, and was approved by local ethical review boards.
The investigators enrolled patients onto one of the five treat-
ment combinations guided by clinical factors, such as tumor
type and prior therapies. Patient enrollment was stopped in
November 2011. However, patients were allowed to continue
active treatment if, in the opinion of the investigator, the
patient was benefiting from treatment.

Eligibility criteria

Patients enrolled in the study were ≥18 years of age with
histologically confirmed unresectable or metastatic solid ma-
lignancy or lymphoma for which monotherapy with
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gemcitabine HCl, docetaxel, temozolomide, cisplatin, or erlo-
tinib was deemed appropriate by the investigator. Eligible
patients also had tumor progression after receiving standard
therapeutic agents or were appropriate for combination thera-
py because of limited treatment options. Additional eligibility
criteria included evaluable disease per Response Evaluation
Criteria in Solid Tumors (RECIST version 1.0) [21] or the
International Working Group’s Criteria for Malignant Lym-
phoma [22]; Eastern Cooperative Oncology Group (ECOG)
performance status (PS) of 0 or 1; normal hematologic, renal,
and liver function; an estimated life expectancy of ≥12 weeks;
serum albumin ≥3.0 g/dL; and signed informed consent. Pa-
tients did not receive chemotherapy, radiotherapy, immuno-
therapy, or other investigational therapy within 30 days before
enrollment (6 weeks for mitomycin C or nitrosoureas) or any
experimental agent for noncancer indications (or previous
treatment with tasisulam). Because of the potential for drug
interactions, patients receiving the following treatments were
excluded: warfarin, amiodarone, quinidine, propofol, cloza-
pine, or strong or moderate inhibitors of CYP2C19, including
proton-pump inhibitors (esomeprazole and pantoprazole were
allowed if not administered 72 h before or after tasisulam).
Primary exclusion criteria included any other serious medical
condition, active central nervous system or brain metastasis,
current hematologic malignancy (other than lymphoma), hy-
persensitivity to any of the combination drugs, or positive tests
for HIV, hepatitis B, or hepatitis C. Pregnant or lactating
women were also excluded.

Treatment plan and dose-escalation schema

Tasisulamwas administered as a 2-h IV infusion on day 1 (day
4 in treatment arm B1, see Results) of the treatment cycle
concurrently with standard doses of gemcitabine HCl (30-min
IV infusion of 1,000 mg/m2 on days 1 and 15; Eli Lilly and
Company, Indianapolis, Indiana), docetaxel (60-min IV infu-
sion of 60 mg/m2; Sanofi-Aventis, Bridgewater, New Jersey),
temozolomide (200 mg/m2/day orally; Schering Corp., Ken-
ilworth, New Jersey), cisplatin (60-min IV infusion of 75 mg/
m2; Bristol-Myers Squibb, New York, New York), and erloti-
nib (150 mg/day orally; Genentech, South San Francisco,
California) (Fig. 1).

Tasisulam is highly bound to albumin (>99.7 %), with a
relatively long half-life (median terminal half-life of 10 days)
[6], consistent with the turnover of albumin (9–12 days) [23].
Analysis of early phase tasisulam studies suggested that the
area under the curve (AUC) of total tasisulam above a certain
threshold was positively correlated with toxicity [6, 24]. This
certain threshold was related to patient’s pre-dose albumin
levels, likely because drug toxicity is related to free tasisulam
concentrations. Thus, AUC-above-the-albumin-corrected-
threshold (AUCalb) (Fig. 2) was used as a surrogate of the
AUC of free tasisulam concentration, which had not been

possible to reliably measure in the clinical trial setting prior
to initiation of this study.

In the dose-escalation phase, escalating doses of tasisulam,
based on specific target maximum concentration (Cmax)
values, were administered concurrently with fixed doses of
each standard chemotherapeutic agent using a conventional
3+3 dose-escalation schema [25]. Tasisulam doses targeted
Cmax values ranging from 300 to 400 μg/mL (300, 320, 340,
360, 380, and 400). This Cmax range was chosen on the basis
of phase I clinical toxicity and PK data [4, 5, 11], as well as on
safety data from completed and ongoing phase II single-agent
clinical trials [6–8].

A dose-limiting toxicity (DLT) was defined as an adverse
event (AE) that occurred during cycle 1 that was likely drug-
related and met any of the following criteria: Common Ter-
minology Criteria for Adverse Events (CTCAE) grade 4 neu-
tropenia lasting more than 5 days; CTCAE grade 4 neutrope-
nia with fever, regardless of duration; CTCAE grade 4 throm-
bocytopenia, regardless of duration; CTCAE grade ≥3 throm-
bocytopenia with bleeding, regardless of duration; or CTCAE
grade ≥3 nonhematologic toxicity. In addition, the investiga-
tor, together with the sponsor’s medical personnel, could
declare a DLT if a patient experienced increasing toxicity
during treatment that posed excessive risk to the patient. The
maximum tolerated dose (MTD) was the highest dose level
with <33% of patients having DLT in cycle 1. Thus, if none of
the 3 treated patients experienced a DLT at a given dose level,
dosing proceeded to the next higher dose level. If 1 of 3
patients experienced a DLT at any dose level during cycle 1,
then the cohort was expanded to include up to 6 patients. If ≥2
patients experienced a DLT, the MTD was considered
exceeded and dose escalation was stopped. Intrapatient dose
escalations were not allowed.

Dose-confirmation phase

Once the MTD was exceeded for a particular combination
treatment arm, PK, albumin levels, and safety from the esca-
lation phase were analyzed to identify the albumin corrected
exposure range (AUCalb) of tasisulam that would optimize
safety and potential antitumor activity of the combination. The
dose-confirmation phase for that combination was then
opened, using the identified AUCalb of tasisulam. Each com-
bination treatment arm was expanded to include a total of 20
to 30 patients per arm, enriched for specific tumor subtypes by
enrolling at least 10 patients for each specific tumor subtype of
interest (Fig. 1). Specific tumor types planned for the dose-
confirmation phase were as follows: arm A (gemcitabine),
gemcitabine-naïve metastatic pancreatic cancer and
gemcitabine-naïve metastatic soft tissue sarcoma; arm B (do-
cetaxel), docetaxel-naïve NSCLC and docetaxel-naïve meta-
static breast cancer, prior docetaxel given in an adjuvant
setting was allowed; arm C (temozolomide), temozolomide-
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naïve metastatic melanoma and temozolomide-naïve glioblas-
toma; arm D (cisplatin), metastatic NSCLC and small cell
lung cancer (SCLC), previous cisplatin treatment was
allowed; and arm E (erlotinib), metastatic NSCLC.

Safety and antitumor assessments

Physical examinations, performance status assessment, and
tumor measurement of palpable or visual lesions were com-
pleted at baseline and at each cycle. Treatment-emergent
adverse events (TEAEs), along with their toxicity ratings per
CTCAE, version 3 [26], vital signs, and standard laboratory
tests were collected at baseline, before each cycle, and post-
therapy. Tumor response was determined by the investigator
according to RECIST (version 1.0) guidelines [21], as mea-
sured by radiological imaging performed at baseline, prior to
day 1 of cycle 3, and every other cycle thereafter.

Pharmacokinetic assessments

PK analyses were conducted on all patients who received at
least 1 dose of study treatment and had plasma samples
collected. Tasisulam concentrations were analyzed by a vali-
dated liquid chromatography/mass spectrometry/mass spec-
trometry (LC-MS/MS) method by Advion BioServices, Inc.
(Ithaca, New York). Details of the calibration, interassay ac-
curacy, and interassay precision of the LC-MS/MS method
have been previously reported [9].

The tasisulam PK dataset was analyzed using first-order
conditional estimation with interaction in NONMEM (ver-
sion 7). The final tasisulam PK model was a 2-
compartment model, with lean body weight as a covariate
on the volume of the central compartment. AUCalb was
computed using the log-linear trapezoidal rule and the
individual predicted concentrations.
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Fig. 1 Study flow diagram. Arm A, tasisulam administered on day 1 and
gemcitabine HCl (GEM) administered on days 1 and 15 of a 28-day cycle
(n=58); Arm B, tasisulam administered on day 1 and docetaxel (DTX)
administered on day 1 of a 21-day cycle; Arm B1, DTX administered on
day 1 and tasisulam administered on day 4 of a 28-day cycle; Arm B2,
tasisulam administered on day 1 and DTX administered on day 4 of a 28-
day cycle (total Arms B, B1, and B2, n=60); Arm C, tasisulam admin-
istered on day 1 and temozolomide (TMZ) administered on days 1–5 of a
28-day cycle (n=25); Arm D, tasisulam administered on day 1 and
cisplatin (CIS) administered on day 1 of a 21-day cycle, later modified

to a 28-day cycle (n=63); Arm E, tasisulam administered on day 1 and
erlotinib (ERL) administered on days 1–28 of a 28-day cycle (n=28).
AUCalb, area under the curve above an albumin threshold; NSCLC, non-
small cell lung cancer; SCLC, small cell lung cancer; STS, soft tissue
sarcoma. a In the dose-confirmation phase, the goal was to treat a
minimum of 10 patients in each treatment arm for each specific tumor
type; b The regimen was amended because of hematologic toxicity noted
at the lowest tasisulam dose level when tasisulam and docetaxel were
administered together on day 1; c GEM-naïve; d DTX-naïve; e TMZ-naïve
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Statistical analysis

All patients who received at least 1 dose of combination
therapy were evaluated for safety and antitumor activity. No
hypothesis tests were conducted for this study; parameter
estimates and summary statistics are reported.

Results

Patient characteristics

A total of 234 patients were enrolled by a clinical oncology
network (US Oncology Group; 211 patients, 14 sites) and 5
other individual sites (23 patients) within the United States.
The study was initiated in 2008 and closed for enrollment in
November 2011. The majority (84 %) of patients were Cau-
casian, with a mean age of 62.2±12.3 years (Table 1). Equal
numbers of men and women were enrolled. The predominant
histologic tumor type was NSCLC (26.5 %), with the majority
(63.2 %) of patients having an ECOG PS of 1. Of the 4
patients with glioblastoma in arm C (temozolomide) who
completed the confirmation phase, 3 patients had prior radia-
tion therapy (unknown for 1 patient).

At the time of this report, 2 patients remain on active
treatment. One of these patients is an 87-year-old woman with
SCLC and liver metastases in the cisplatin arm (arm D) who
has been on treatment since 30 March 2011 (3 years) and who
has maintained stable disease (SD). She has been on single-
agent tasisulam since cycle 10 (currently on cycle 37) due to
discontinuation of cisplatin because of neurotoxicity. The

other patient is a 64-year-old woman with breast cancer, liver
metastases, and paraaortic adenopathy in the docetaxel arm
(arm B2) who has been on treatment since 28 October 2011

Table 1 Baseline demographics and disease characteristics for all
patients

Variable All patients in both phases
(N=234)

Age, years

Median (range) 63.3 (21.4–89.5)

Mean±SD 62.2±12.3

Sex, n (%)

Male 117 (50)

Female 117 (50)

Race, n (%)

Caucasian 197 (84)

African descent 22 (9)

Asian 8 (3)

Hispanic 7 (3)

ECOG PS, n (%)

0 86 (37)

1 148 (63)

Median # prior regimens (range) 3 (1–12)

Tumor sites/histology, n (%)

NSCLC 61 (26)

Pancreas 29 (12)

Breast 17 (7)

SCLC 16 (7)

Sarcoma/osteosarcoma 13 (6)

Colorectal 13 (6)

Ovarian/uterine/endometrial/cervix 13 (6)

Head and neck 12 (5)

Melanoma 11 (5)

Prostate 8 (3)

Glioblastoma 4 (2)

Gastric 3 (1)

Gall bladder/cholangiocarcinoma 3 (1)

Urinary bladder 2 (0.9)

Esophagus 2 (0.9)

Malignant pleural mesothelioma 2 (0.9)

Testicular/scrotum 2 (0.9)

Diffuse large B cell 1 (0.4)

Mixed-cell carcinoma, lung 1 (0.4)

Abdomen leiomyosarcoma 1 (0.4)

Gestational trophoblastic disease 1 (0.4)

Spinal 1 (0.4)

Neuroendocrine 1 (0.4)

Thyroid 1 (0.4)

Other 16 (7)

ECOG PS Eastern Cooperative Oncology Group Performance Status;
NSCLC non-small cell lung cancer; SCLC small cell lung cancer

Fig. 2 Schematic showing the principle of area under the plasma con-
centration curve above an albumin threshold (AUCalb). AUCalb is a
surrogate marker for free tasisulam exposure, and the targeted AUCalb
range was hypothesized to offer the optimal balance between safety and
efficacy
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(30 months) and who achieved partial response (PR). She has
been on single-agent tasisulam since cycle 11 (currently on
cycle 29) due to discontinuation of docetaxel because of grade
3 thrombocytopenia.

Dosing

Treatments were given as described in the methods section for
arms A (gemcitabine), C (temozolomide), and E (erlotinib)
(Fig. 1). As initially planned, in arm B docetaxel was given on
day 1 of a 21-day cycle, followed by tasisulam on the same
day. However, hematologic toxicity (neutropenia) was ob-
served in 3 patients at the lowest dose of tasisulam (Cmax
300 μg/mL) in combination with docetaxel (Table 2). There-
fore, the regimen was amended for subsequent dose levels as
follows: arm B1, docetaxel was given on day 1 and tasisulam
on day 4; and arm B2, tasisulam was given on day 1 and
docetaxel on day 4 (Fig. 1). Cycle length was extended to
28 days for both arms. Enrollment to arm B1 was later closed
due to treatment-related hematologic toxicities (Table 2). In
arm D (cisplatin), all 3 patients in the Cmax 300 μg/mL group
and 1 patient in the 320 μg/mL group were on a 21-day cycle;
the remainder were on a 28-day cycle.

On the basis of a safety (Table 2) and PK analysis of the
dose-escalation phase data, the tasisulam dosing algorithm for
the dose-confirmation phase was designed such that 75 % of
the population would have an AUCalb of less than either
3,500 or 4,000 h*μg/mL. The tasisulamAUCalb target ranges
identified for each combination are shown in Table 3. Despite
the complexity of tasisulam dosing, the dosing approach
accurately achieved the specified target in the dose-
confirmation arm. An AUCalb target range of 3,500 h*μg/
mL (75th percentile) was selected for arms B2 (docetaxel), C
(temozolomide), and D (cisplatin); 63 % of patients in cycle 1
and 74 % in cycle 2 had an AUCalb of less than 3,500 h*μg/
mL (Fig. 3). An AUCalb target range of 4,000 h*μg/mL was
selected for arms A (gemcitabine) and E (erlotinib); 68 % of
patients in cycle 1 and 81 % in cycle 2 had an AUCalb of less
than 4,000 h*μg/mL (Fig. 3). For arm E (erlotinib), the
AUCalb target was later decreased to AUCalb 3,500 h*μg/
mL after 13 patients were enrolled and 1 patient developed
grade 1 gastrointestinal hemorrhage and grade 4 thrombocy-
topenia, although the case was confounded by concomitant
clopidogrel use. The dose-escalation phase was completed for
arm C (temozolomide), but the dose-confirmation phase was
closed early because of limited enrollment (6 patients entered
the dose-confirmation phase), early signs of insufficient ben-
efit versus risk, and for strategic reasons.

Overall safety

Of the 234 patients who received at least 1 dose of combina-
tion treatment and were evaluable for safety, 29 discontinued

because of a possibly study drug-related TEAE; 13 during the
dose-escalation phase and 16 during the dose-confirmation
phase (Table 4). Seven deaths occurred during the study or
within 30 days of discontinuation in the setting of a possibly
study drug-related TEAE (neutropenic sepsis, sepsis, and
gastrointestinal hemorrhage); 2 during the dose-escalation
phase (1 each in arm B [docetaxel] and arm C [temozolo-
mide]) and 5 during the dose-confirmation phase (2 in arm C
[temozolomide] and 1 each in arms B [docetaxel], D [cisplat-
in], and E [erlotinib]).

For both study phases and across all treatment cycles, the
most common TEAE that was possibly study drug-related and
had a severity of grade ≥3 was neutropenia (40.6 %; 95/234
patients) (Table 5), with the highest incidence (70 %; 42/60
patients) observed in arm B (docetaxel). Over half of the
patients in arm C (temozolomide) experienced thrombocyto-
penia. Overall, the most common nonhematologic AE was
hypophosphatemia, with the highest incidence (15 %; 9/60
patients) observed in arm B (docetaxel). In addition to the
most common TEAEs, 2 patients in arm C (temozolomide)
reported possibly study drug-related grade ≥3 sepsis.

Dose-confirmation phase antitumor activity

The treatment arms that attained a minimum of 10 patients for
a specific tumor type were arm A (gemcitabine) for
gemcitabine-naïve metastatic pancreatic cancer (n=15), arm
B2 (docetaxel) for docetaxel-naïve NSCLC (n=10), and arm
D (cisplatin) for NSCLC (n=20) and SCLC (n=14). Best
overall response for these patients is shown in Table 6. The
clinical benefit rate was 50% or over for each of these groups.

Accrual and cost analysis

Over 40 months, 234 patients were enrolled. The time from
protocol approval to first patient visit for this multi-arm, phase
Ib study was 109 days, which was similar to the mean of
98 days for all phase I oncology clinical trials conducted by
the sponsor (Eli Lilly and Company, data on file).

A cost analysis was conducted to examine whether a 5-
arm, phase 1b clinical trial, such as the current study, might be
more cost effective than 5 comparable single-arm trials. As-
sumptions for the 5-arm study were as follows: 5 dose levels,
with 5 patients at each dose level in the dose-escalation phase
(25 patients per arm) and 25 patients per arm in the dose-
confirmation phase (total of 250 patients), all patients com-
pleting 6 cycles, and 10 sites participating. Assumptions for
the single-arm studies were as follows: 5 dose levels, with 5
patients at each dose level in the dose-escalation phase and 25
patients in the dose-confirmation phase (total of 50 patients in
each study), all patients completing 6 cycles, 4 sites partici-
pating per study (typical for a single-arm study). Given these
assumptions and typical grant spend related to start-up fees,
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Table 2 Dose-limiting toxicities
by treatment arm in the dose-
escalation phase

CIS cisplatin; Cmax maximum
concentration; DLT dose-limiting
toxicity; DTX docetaxel; ERL er-
lotinib;GEM gemcitabine HCl;G
grade; NCI-CTCAE National
Cancer Institute Common Termi-
nology Criteria for Adverse
Events; TMZ temozolomide
a NCI-CTCAE grade (version
3.0)
b During dose-escalation, 2 DLTs
were identified; however, one ad-
ditional DLT was identified after
database lock
c Patient had history of brain me-
tastases and whole-brain radiation
treatment 5 weeks prior to study
dDocetaxel was given on day 1 of
a 21-day cycle, followed by
tasisulam on the same day
e Patient also had G4 neutropenia
f <0.5×109 /L lasting 5 days or
longer
g Docetaxel was given on day 1
and tasisulam on day 4 of a 28-
day cycle
h Tasisulam was given on day 1
and docetaxel on day 4 of a 28-
day cycle
i One patient was replaced be-
cause of PK values
j <50.0×109 /L with bleeding
kAll patients in the 300 μg/mL
group and one patient in the
320 μg/mL group were on a 21-
day cycle, the remainder were on
a 28-day cycle
l DLTwas not identified until after
final database

Combination treatment
arm tasisulam dose
(Cmax target, μg/mL)

# DLTs/

# pts in cycle 1

Adverse eventa

A–GEM

300 0/3 none

320 0/3 none

340 3/9b G3/4 fatigue; G4 thrombocytopenia; G3/4 aphasiac

360 1/7 G3/4 hyperbilirubinemia

380 0/3 none

B–DTXd

300 4/5 G3/4 peripheral neuropathye; neutropeniaf (n=3)

B1–DTXg

300 4/5 G4 thrombocytopenia; G3/4 hypokalemia and atrial
fibrillation, neutropeniaf (n=2)

B2–DTXh

300 1/6 neutropeniaf

320 0/6 none

340 2/7i G3/4 hypotension; neutropeniaf

360 0/5 none

C–TMZ

300 0/3 none

320 1/6 thrombocytopeniaj

340 1/6 thrombocytopeniaj and G3/4 sepsis

360 0/3 none

380 1/1 G4 thrombocytopenia

D–CISk

300 0/3 none

320 0/3 none

340 1/3l thrombocytopeniaj and neutropeniaf

360 0/3 none

380 1/6 G4 thrombocytopenia

E–ERL

300 0/3 none

320 0/3 none

340 0/3 none

360 0/3 none

380 1/3 G3 ascites

Table 3 Treatment regimens for the dose-confirmation phase for tasisulam (administered intravenously on day 1 of a 28-day cycle) in combination with
standard of care treatment

Standard of care treatment Standard of care dose and schedule of administration Tasisulam AUCalb target range

Gemcitabine 1,000 mg/m2 IVon day 1 and day 15 4,000 h*μg/mL

Docetaxel 60 mg/m2 IVon day 4 3,500 h*μg/mL

Temozolomide 200 mg/m2/day orally on days 1–5 3,500 h*μg/mL

Cisplatin 75 mg/m2 IVon day 1 3,500 h*μg/mL

Erlotinib 150 mg/day orally on days 1–28 3,500 h*μg/mL

AUCalb area under the curve above an albumin threshold; IV intravenous
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investigator budget, laboratory and diagnostic testing, and
monitoring, it is estimated that cost savings for a single 5-
arm study over 5 single-arm individual studies would amount
to approximately 20 %.

Discussion

The multi-arm, phase 1b design of this study allowed a broad,
preliminary characterization of the safety and antitumor activ-
ity of tasisulam across multiple combinations of standard
therapeutic agents in specific tumor subtypes. The design of
this study was based on the “Complete Phase 1b Study”

outlined by Von Hoff [1]. This approach offers several po-
tential advantages over the traditional multiple phase Ib
study approach, including: (1) several different treatment
arms the investigator can choose from, informed by indi-
vidual patient treatment history and tumor subtype; (2)
multiple parallel paths for MTD determination and prelim-
inary efficacy and safety read-outs in specific tumor sub-
types; (3) greater operational efficiency and cost savings;
(4) greater shared learning about the safety and PK profile
of an investigational agent within a broader investigative
clinical setting; and (5) the ability to close or prioritize a
combination arm for strategic purposes.

There are several resource and operational aspects of this
type of trial that are worthy of further discussion. First, al-
though enrollment comparisons across different investigative
agents can be highly confounded, the enrollment rate of the
current multi-arm study of 0.25 patients/site/month was sim-
ilar to historical data from 5 individual advanced solid tumor
phase I oncology trials run in sequence showing an enrollment
rate of approximately 0.5 patients/site/month (Eli Lilly and
Company, data on file). The lower enrollment metrics of the
current study were likely due to factors related to the complex
pharmacology and dosing of tasisulam rather than to opera-
tional trial design differences. This possibility is supported by
data showing that our study enrolled 234 patients to 5 arms in
40 months, similar to the time course of three other individual
tasisulam phase Ib combination studies (approximately 28 to
43 months; Eli Lilly and Company, data on file). Importantly,
the similar enrollment rate of this study compared to individ-
ual tasisulam phase Ib studies was accomplished with only
one start-up date and consolidated investigator and staff train-
ing. Second, our cost analysis estimated potential cost savings
of approximately 20 % by conducting a single multiple-arm
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Fig. 3 Cycle 1 albumin-corrected (AUCalb) tasisulam exposures from
patients (N) receiving the indicated AUCalb dosing target. Boxes represent
the 25th and 75th percentiles, and the line within the box represents the
median. Whiskers represent 10th and 90th percentiles

Table 4 Possibly study drug-related treatment-emergent adverse events leading to discontinuation in both study phases

Combination treatment arm Phase n/N (%) Adverse event

A–GEM Dose-escalation 3/25 (12.0) thrombocytopenia; aphasia; ALT increased

Dose-confirmation 2/33 (6.1) peripheral sensory neuropathy; thrombocytopenia

B–DTX Dose-escalation 0/5 (0.0) none

B1–DTX Dose-escalation 3/5 (60.0) febrile neutropenia; hypoalbuminemiaa (n=2)

B2–DTX Dose-escalation 3/24 (12.5) blood phosphorus decreased; hypotension; thrombocytopenia

Dose-confirmation 1/26 (3.9) neutropenic sepsis (fatal)

C–TMZ Dose-escalation 1/19 (5.3) pneumonia

Dose-confirmation 1/6 (16.7) thrombocytopenia

D–CIS Dose-escalation 1/14 (7.1) blood creatinine increased

Dose-confirmation 12/45 (26.7) nausea; blood creatinine increased (n=2); CCF; neutropenia (n=2);
febrile neutropenia; hypoalbuminemiaa

E–ERL Dose-escalation 2/16 (12.5) hypoalbuminemiaa (n=2)

Dose-confirmation 0/12 (0.0) none

ALTalanine aminotransferase;CCF congestive cardiac failure;CIS cisplatin;DTX docetaxel; ERL erlotinib;GEM gemcitabine HCl; TMZ temozolomide
a Albumin ≥3.0 g/dL required for eligibility and to continue treatment
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trial rather than 5 individual single-arm trials. The primary
drivers for cost savings are fewer start-up/training fees and
lower monitoring costs. A single multiple-arm study also

offers an advantage of greater consistency and efficiency
because the protocol is carried out by the same sites instead
of multiple sites for each study, features that are particularly

Table 5 Grade 3 or highera pos-
sibly study drug-related treat-
ment-emergent adverse events
occurring in ≥2 % patients by
combination group in both study
phases

CIS cisplatin; DTX docetaxel;
ERL erlotinib; GEM gemcitabine
HCl; NCI-CTCAE National Can-
cer Institute Common Terminolo-
gy Criteria for Adverse Events;
TMZ temozolomide
a NCI-CTCAE grade (version
3.0)

Event Tasisulam combination arm

n (%)

A

GEM

(n=58)

B

DTX

(n=60)

C

TMZ
(n=25)

D

CIS

(n=63)

E

ERL

(n=28)

Total
(N=234)

Hematologic

Neutropenia 14 (24.1) 42 (70.0) 9 (36.0) 23 (36.5) 7 (25.0) 95 (40.6)

Thrombocytopenia 16 (27.6) 6 (10.0) 13 (52.0) 20 (31.7) 8 (28.6) 63 (26.9)

Anemia 5 (8.6) 4 (6.7) 3 (12.0) 8 (12.7) 1 (3.6) 21 (9.0)

Febrile neutropenia 2 (3.4) 3 (5.0) 0 (0.0) 3 (4.8) 0 (0.0) 8 (3.4)

White blood cell count decreased 3 (5.2) 2 (3.3) 1 (4.0) 0 (0.0) 0 (0.0) 6 (2.6)

Nonhematologic

Hypophosphatemia 2 (3.4) 9 (15.0) 1 (4.0) 4 (6.3) 1 (3.6) 17 (7.3)

Hypokalemia 0 (0.0) 4 (6.7) 0 (0.0) 2 (3.2) 2 (7.1) 8 (3.4)

Mucosal inflammation 1 (1.7) 5 (8.3) 0 (0.0) 0 (0.0) 0 (0.0) 6 (2.6)

Fatigue 1 (1.7) 2 (3.3) 0 (0.0) 2 (3.2) 1 (3.6) 6 (2.6)

Hyponatremia 1 (1.7) 2 (3.3) 0 (0.0) 2 (3.2) 0 (0.0) 5 (2.1)

Table 6 Best overall investigator-reported response ratesa for combination groups with ≥10 patients with specific tumor types in the dose-confirmation
phaseb

Variable Tasisulam combination arm

A
GEM

B2
DTX

D
CIS

Pancreatic cancer
(n=15)

NSCLC
(n=10)

NSCLC
(n=20)

SCLC
(n=14)

Partial response, n (%)
90 % CIc

2 (13)
2.4–36.3

2 (20)
3.7–50.7

1 (5)
0.3–21.6

1 (7)
0.4–29.7

Stable disease, n (%)
90 % CIc

6 (40)
19.1–64.0

5 (50)
22.2–77.8

9 (45)
25.9–65.3

7 (50)
26.4–73.6

Clinical benefit rated, n (%)
90 % CIc

8 (53)
30.0–75.6

7 (70)
39.3–91.3

10 (50)
30.2–69.8

8 (57)
32.5–79.4

Number of cycles, median (range) 4 (1–20) 5.5 (1–13) 2 (1–10) 3 (1–21)

Pts with prior cancer treatments 0e 8f 16g 10g

Prior cancer therapy, median (range) 0e 2.5 (1–4)f 3.5 (1–7)g 2 (1–6)g

CI cnfidence interval; CIS cisplatin;DTX docetaxel;GEM gemcitabine HCl; NSCLC non-small cell lung cancer; RECIST response evaluation criteria in
solid tumors; SCLC small cell lung cancer
a Defined by RECIST (version 1) guidelines
b Arm E (erlotinib) not included because there were only 4 patients with NSCLC
c 90% CIs are based on exact binomial distribution
dDefined as complete response+partial response+stable disease. Note: no patient had a complete response
e Patients were required to be gemcitabine-naïve
f Patients were required to be docetaxel-naïve but could receive other chemotherapies
g Patients were allowed previous platinum-based therapy
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important for early phase studies. Finally, the fact that most
patients (211 of 234) were from a clinical network with
centralized data management and administrative services
(e.g., investigational review board and pharmacy) suggests
that this design might be most efficient in the centralized
clinical trial setting rather the individual study site setting.

Compared to the earlier “Complete Phase 1b Study” design
[1], our study has further extended the patient population
suitable for this type of approach. Patients in the dose-
escalation phase of our study were extensively pretreated
and therefore more typical of a traditional oncology phase I
study compared to the mostly standard of care drug-naïve
population enrolled in the earlier study. The dose-
confirmation phase of our study was a hybrid of the earlier
design, with some tumor-specific sub-arms being standard of
care drug-naïve (gemcitabine, docetaxel, and temozolomide)
and others not being standard of care drug-naïve (cisplatin and
erlotinib). Additionally, our trial design differed from the
recent phase Ib study of cediranib [27] in that our study
allowed the investigator to choose the appropriate treatment
arm on the basis of tumor subtype and prior therapy. To the
best of our knowledge, our study is the largest phase Ib study
to date that has used this multi-arm design.

Lastly, the present trial provided some preliminary evi-
dence of antitumor activity for several of the tasisulam com-
binations. In the gemcitabine-naïve pancreatic cancer cohort
(n=15), a median of 4 cycles of tasisulam and gemcitabine
was given (range 1–20), with 2 patients achieving PR and 6
maintaining SD (Table 6), and a median progression-free
survival of approximately 3.3 months (95 % CI: 1.6 to 8.5;
data not shown). In contrast, in previous studies, single-agent
gemcitabine for metastatic pancreatic cancer had a median
time to tumor progression of 2.1 months (95 % confidence
interval 1.9–3.4 months) [28]. The findings associated with
the cisplatin combination in metastatic SCLC in this study
were also of interest, considering that this cohort consisted of
heavily pretreated patients with a median of 2 prior treatment
regimens (range 1–6; 93 % of patients received previous
cisplatin or carboplatin). Patients received amedian of 3 cycles
(range 1–21), with 1 patient achieving PR and 7 maintaining
SD. The AE profile of the cisplatin combination (possibly
study drug-related grade ≥3 neutropenia and thrombocytope-
nia of 36.5% and 31.7%, respectively) and the clinical benefit
rate seen in SCLC patients in this sub-arm were similar to
findings from single-agent topotecan as second-line treatment
in relapsed SCLC [29]. The NSCLC cohort of the cisplatin
combination (n=20) also consisted of a heavily pretreated
population, with a median of 3.5 prior regimens (range 1–7;
75 % of patients received previous cisplatin or carboplatin). A
median of 2 cycles (range 1–10) was given, with 1 patient
achieving PR and 9 maintaining SD. The patients on the
tasisulam-docetaxel NSCLC arm (n=10) had received a me-
dian of 2.5 prior treatment regimens (range 1–4) and a median

of 5.5 cycles (range 1–13), with 2 patients achieving PR and 5
maintaining SD. This combination, however, was significant-
ly more myelosuppressive, with approximately 70 % of these
patients experiencing possibly study drug-related grade ≥3
neutropenia.

In conclusion, the multi-arm, phase Ib design of this study
allowed a reasonable preliminary characterization of the safety
and anti-tumor activity of tasisulam across multiple combina-
tions of standard therapeutic agents in specific tumor sub-
types. Although enrollment into all planned tumor-subtype
groups was not completed due to termination of compound
development, sufficient numbers of patients were enrolled in
the confirmation phase of three tumor/therapy-specific com-
binations (gemcitabine for metastatic pancreatic cancer, doce-
taxel for NSCLC, and cisplatin for NSCLC and SCLC). The
enrollment and operational efficiency of this study over mul-
tiple phase Ib studies was particularly noteworthy given the
additional challenge of one of the combination arms
(docetaxel) requiring further breakdown into separate inverted
drug sequence arms and the complex pharmacology and novel
mechanism of action of tasisulam. Overall, the results of this
study indicate that this “Complete Phase 1b Study” design
was an efficient way to gather data on a complex molecule,
such as tasisulam, and support the broader use of this design
for early cancer drug development.
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