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Tasisulam Sodium (LY573636 Sodium) as Third-Line Treatment in Patients With
Unresectable, Metastatic Non—-Small-Cell Lung Cancer: A Phase-11 Study

Giorgio V. Scagliotti, Robert llaria Jr, Silvia Novello, J. von Pawel, Juergen R. Fischer, Sabine
Ermisch, Dinesh P. de Alwis, Joan Andrews, Martin Reck, Lucio Crino, Corinna Eschbach, Christian
Manegold, Journal of Thoracic Oncology

Introduction

Tasisulam sodium (hereafter referred to as tasisulam) is a novel anticancer compound that induces
apoptosis and exhibits antiangiogenesis activity in a broad range of cancer models, including non—
small-cell lung cancer (NSCLC).

Methods

Tasisulam was administered as a 2-hour infusion every 21 days as third-line treatment in patients
with advanced (stage 111B/IV) NSCLC.

Results

Thirty-two patients received a Cpax target dose of 420 pg/ml. Median time to progression was 3.12
months, median progression-free survival was 2.69 months, and median overall survival was 8.48
months. There were no objective responses; 43.8% of patients achieved stable disease. A high rate
of grade-4 hematologic toxicity in the first 30 patients led to exploration of a lower C,x target dose
of 380 pg/ml. The rate of grade-4 hematologic toxicity (thrombocytopenia and/or neutropenia) at
the 380-pg/ml dose (n = 20) was 20% versus 34% at the 420-pg/ml dose.

Conclusions

Tasisulam has only modest activity as a third-line treatment of patients with unresectable/metastatic
NSCLC. The high rate of grade-4 hematologic toxicity observed with this highly albumin— bound
compound in this patient population provided challenges for fixed Cnax-based dosing. Alternative
dosing methods, including varying the Cn.x target dose by predose albumin, are under investigation
in other studies.
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Tasisulam sodium (hereafter referred to as tasisulam), a novel antineoplastic agent,* has shown
broad activity in cancer cell lines, including non—small-cell lung cancer (NSCLC), and has a unique
activity profile.2 Preclinical in vitro data indicate that tasisulam induces apoptosis of tumor cells by
the intrinsic cell-death pathway, and causes an accumulation of cells in the gap 2/mitosis phase of
the cell cycle. The precise cellular target of tasisulam is under investigation.

In an initial phase-1 study, extensive pharmacokinetic analysis of tasisulam revealed significant
interpatient variability in peak plasma concentration (Cmax) and patient tolerability with repeated flat
dosing, and an unexpectedly high degree of high-affinity albumin binding (99.7%-99.9%).% This
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led to the implementation of a lean body-weight-based® dosing paradigm that reduced
pharmacokinetic variability and led to the determination of the maximum tolerated dose of
tasisulam, with a Cpax target of 420 pg/ml, which was brought forward into the phase-Il program.
Among the heavily pretreated patients in the phase-I study, two patients with NSCLC received at
least 10 cycles of tasisulam (minimum of 7 months) before disease progression, suggesting a
possible clinical benefit.

These findings prompted the current phase-Il study in patients undergoing third-line treatment for
metastatic or unresectable NSCLC. The primary objective of this nonrandomized, open-label,
multicenter phase-Il study was to estimate time to progression (TTP). Secondary objectives
included evaluations of progression-free survival (PFS), duration of stable disease, objective
response rate, overall survival (OS), pharmacokinetics, and safety.

PATIENTS AND METHODS
Patient Eligibility

Key eligibility criteria were male or female sex; age 18 years or more; histological or cytological
diagnosis of unresectable stage I1IB or metastatic NSCLC; two previous systemic treatments,
including one prior platinum-based regimen; measurable disease, as defined by the Response
Evaluation Criteria in Solid Tumors®; and Eastern Cooperative Oncology Group performance status
zero or one. Because tasisulam sodium is highly albumin bound, a serum albumin level of 30 g/l
(3.0 g/dl) or more was also required. This study was approved by the local Institutional Review
Board of each participating center. Written informed consent was obtained from all patients before
they underwent any study procedure or received study treatment.

Treatment and Assessments

Tasisulam sodium (Eli Lilly and Company, Indianapolis, IN) was administered as a 2-hour (10
minutes) intravenous infusion at a target Cnax 0f 420 pg/ml on day 1 of 21-day cycles. A loading
dose was administered in cycle 1, followed by a chronic dose in subsequent cycles, which was 65%
of the loading dose. A lower target Cnax dose of 380 pg/ml, with a 75% chronic dose, was also
investigated. The investigators used a validated, Compact Disc—read-only-memory-based dosing
calculator, and entered the height and weight of the patient and the cycle number of treatment
(loading or chronic dose).? The dosing calculator provided the dose (in mg) required to reach the
specific Cmax target.

The first postbaseline radiographic assessment by computed tomography was performed at the end
of cycle 2, with subsequent scans performed at the end of every other cycle. Radiologic
confirmation of response was performed at least 28 days from response detection, using the same
method as at baseline. Tumors were evaluated according to Response Evaluation Criteria in Solid
Tumors Version 1.0.2 Adverse events (AEs) were rated using the Common Terminology Criteria for
Adverse Events, version 3.0. Treatment-related AEs were considered by the investigator to be
possibly related to the study drug.

Blood samples for cycle 1 were collected at the following time points: predose; 2 hours (end of
infusion), at one time point from 12 to 36 hours, and at one time point from 72 to 168 hours. The
population pharmacokinetic dataset was analyzed using the nonlinear mixed-effects modeling
program NONMEM (Version 6) with PREDPP (Version V) (ICON plc; Dublin, Ireland).” The final
two-compartment total drug model that was developed from the previous phase-I trial* was applied
to the current pharmacokinetic analysis.

Statistical Considerations
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A sample size sufficient to exclude 2.2 months from a 90% confidence interval (Cl) would be
desired if the true median TTP for tasisulam was 4 months. On the basis of results from 500
simulated trials under these assumptions, a recruitment rate of five patients per month, and a 12-
month follow-up period for each patient, a sample size of 50 patients would provide an 80%
probability that the lower limit of the 90% CI of the median would exclude 2.2 months.2 2

The objective response rate, the clinical benefit rate, and the 90% Cls were estimated using
unadjusted normal approximation for binomial proportions (z approximation). Kaplan-Meier
analyses, including estimations of 90% Cls, were performed on the observed survival distributions
of TTP and OS.

RESULTS

Between September 2006 and February 2008, 52 patients were enrolled in the study at seven study
sites in Germany and Italy. Thirty-two patients received the original planned target Cpax dose of 420
pag/ml (with a chronic dose that was 65% of the cycle-1 loading dose). Preliminary review of the
ongoing safety data showed that 10 of the first 30 treated patients experienced grade-3/4
hematologic toxicity (mainly grade 4) during cycle 1, which prompted exploration of a lower target
Chmax dose of 380 pg/ml, with a chronic dose of 75% (n = 20). In addition, the cycle-1 loading dose
was capped at an absolute maximum dose of 2500 mg at the 380-pg/ml dose level. Patient
characteristics are summarized in Table 1.

TABLE 1.

Baseline Demographics and Disease Characteristics

Target C.x 420 pg/ml (N|Target Cp.x 380 p/ml (N =

Characteristic Total (N =52)
=32) 20)
. 61.0 (38.0-
Age, median (range), yrs 61.5 (38.0-73.0) 61.0 (45.0-73.0) 73.0)
Sex, n (%)
Female 7 (21.9) 6 (30.0) 13 (25.0)
Male 25(78.1) 14 (70.0) 39 (75.0)

Race, n (%)

Caucasian 32 (100.0) 20 (100.0) 52 (100.0)

Pathological diagnosis, n (%)

Squamous-cell carcinoma |11 (34.4) 7 (35.0) 18 (34.6)

Nonsquamous-cell
) 21 (65.6) 13 (65.0) 34 (65.4)
carcinoma

Adenocarcinoma 12 (37.5) 12 (60.0) 24 (46.2)
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Target C,..x 420 ml (N||Target C,,.x 380 p/ml (N =
Characteristic & ng/ml ( & k/mi( Total (N =52)
=32) 20)
Poorly differentiated
6 (18.8) 1(5.0) 7 (13.5)
NSCLC
Large-cell carcinoma 2 (6.3) 0(0.0) 2(3.8)
Bronchoalveolar
_ 1(3.1) 0 (0.0) 1(1.9)
carcinoma
Disease stage, n (%)
Stage IlIB 5(15.6) 4 (20.0) 9(17.3)
Stage IV 27 (84.4) 16 (80.0) 43 (82.7)
ECOG performance status, n
(%)
0 19 (59.4) 10 (50.0) 29 (55.8)
1 13 (40.6) 10 (50.0) 23 (44.2)
Smoking status, n (%)
Yes 6 (18.8) 5 (25.0) 11 (21.2)
No 18 (56.3) 12 (60.0) 30 (57.7)
Missing/not assessed 8(25.0) 3 (15.0) 11 (21.2)

Some percentages do not add up to 100 because of rounding.

ECOG, Eastern Cooperative Oncology Group; N, number of patients; NSCLC, non-small-
cell lung cancer.

Efficacy

Efficacy parameters are summarized in Table 2 and FIGURE 1 and FIGURE 2. Median TTP was
3.12 months at the original target Cnax dose of 420 pg/ml (censoring rate of 12.5%) and 1.64
months (censoring rate 25.0%) at Cax 380 pug/ml. Median PFS and OS at Crax 420 pg/ml were 2.69
and 8.48 months, respectively. There were no objective responses; 14 patients (43.8%) achieved
stable disease (SD) at Cpax 420 pg/ml as did 7 patients (35.0%) at Cpax 380 pg/ml; median SD
durations were 4.21 and 4.93 months, respectively. In the post hoc analysis of TTP by histology,
median TTP (for both dose groups combined) was longer for patients with squamous-cell
carcinoma (n = 12, 4.21 months, 90% CI: 2.69, 5.72) versus patients with nonsquamous-cell
histology (n = 31, 2.04 months, 90% CI: 1.38, 3.52; defined as large-cell carcinoma,
adenocarcinoma, poorly differentiated carcinoma, and bronchoalveolar carcinoma; however, this
difference was not significant (p = 0.3297).
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TABLE 2.
Efficacy Parameters

Target C,..x 420 pg/ml (N = Target C,.x 380 pg/ml (N =
32) 20)

Parameters

Time-to-Event Parameters, 90% Cl, months

Median time to progression? 3.12 (2.04-4.21) 1.64 (1.35-5.19)
Median progression-free survival® 2.69 (1.38-4.17) 1.43 (1.31-3.22)

Median overall survival® 8.48 (5.06-10.15) 7.97 (4.07-12.06)

Response

Objective response (CR or PR), n (%) 0(0.0) 0(0.0)

Stable disease, n (%) 14 (43.8) 7 (35.0)

Progressive disease, n (%) 7 (21.9) 7 (35.0)

Unknown, n (%) 11 (34.4) 6 (30.0)

d(90% Cl),

4.21 (3.58-5.72) 4.93 (3.22-10.35)

Median duration of stable disease

months

Cl, confidence interval; CR, complete response, PR, partial response.

Time from the date of the first dose to the first date of progressive disease or death from
study disease.

b

Time from the date of the first dose to the first date of progressive disease or death from any
cause.

Time from the date of the first dose to the date of death from any cause.

d

Time from the date of the first dose until documented progressive disease. The minimal time
interval required between two measurements for determination of stable disease was 6
weeks (72 hours).
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FIGURE 1.

Kaplan-Meier curve for time to progression (TTP). Circles represent censored observations.
The probabilities of not progressing at 3, 6, 9, and 12 months are shown below the graph.
Cl, confidence interval; 380 pg/ml, target Cpax of 380 pg/ml (n = 20; censoring rate =
25.0%); 420 pg/ml, target Crax 0f 420 pg/ml (n = 32; censoring rate = 12.5%).
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FIGURE 2.

Kaplan-Meier curve for overall survival (OS). Circles represent censored observations. The
probabilities being alive at 3, 6, 9, 12, and 15 months are shown below the graph. ClI,
confidence interval; 380 pg/ml, target Cpax of 380 pg/ml (n = 20; censoring rate = 40.0%);
420 pg/ml, target Cax of 420 pg/ml (n = 32; censoring rate = 21.9%).
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Safety

The most common grade-3/4 AEs considered possibly related to the study drug (both dose groups)
were thrombocytopenia (37%) and neutropenia (29%) (Table 3). Grade-4 hematologic toxicity
(thrombocytopenia and/or neutropenia) occurred in 11 patients (34%) at the target Cpmax dose of 420
pg/ml, most often during cycle 1 (seven patients). At the 380-pug/ml dose level, grade-4
hematologic toxicity occurred in 4 patients (20%).

TABLE 3.

Incidence of Drug-Related Treatment-Emergent Adverse Events, 2" )

Target Cax 420 pg/ml (N = 32)||Target Cpnax 380 t/ml (N = 20)

Adverse Events Grade 3 Grade 4 Grade 3 Grade 4

Hematologic

Thrombocytopenia 3(9.4) 11 (34.4) 2 (10.0) 3(15.0)
Neutropenia 4(12.5) 5(15.6) 4 (20.0) 2 (10.0)
Anemia 4 (12.5) 1(3.1) 1(5.0) 0(0.0)
Leukopenia 2(6.3) 1(3.1) 0(0.0) 1(5.0)
Blood/bone-marrow/other 0(0.0) 0(0.0) 1(5.0) 0(0.0)

Nonhematologic

Febrile neutropenia 1(3.1) 0(0.0) 0(0.0) 0(0.0)
Diarrhea 1(3.1) 0(0.0) 0(0.0) 0(0.0)
Dyspnea 0(0.0) 0(0.0) 1(5.0) 0(0.0)
Fatigue 0(0.0) 0(0.0) 1(5.0) 0(0.0)
Fever 1(3.1) 0(0.0) 0(0.0) 0(0.0)
Hyperglycemia 0(0.0) 0(0.0) 1(5.0) 0(0.0)
Nausea 1(3.1) 0(0.0) 0(0.0) 0(0.0)
Pneumonia 0(0.0) 0(0.0) 1(5.0) 0(0.0)

Pneumonitis/pulmonary infiltrates||0 (0.0) 0(0.0) 1(5.0) 0(0.0)
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Target C,.x 420 pg/ml (N = 32)|Target C.x 380 u/ml (N = 20)

Adverse Events Grade 3 Grade 4 Grade 3 Grade 4
Rash: acne/acneform 0(0.0) 0(0.0) 1(5.0) 0(0.0)
Sinus tachycardia 0(0.0) 1(3.1) 0(0.0) 0(0.0)

CTCAE, Common Terminology Criteria for Adverse Events, version 3; MedDRA, Medical
Dictionary for Regulatory Activities.

A MedDRA terms with CTCAE, version 3.0, grading.

Seven deaths were attributed to AEs, of which two occurred in the setting of AEs considered
possibly related to the study drug; these AEs were hypovolemic shock (Cmax 420 pg/ml) with
unknown etiology, and respiratory failure (Cmax 380 pg/ml) in the course of radiation pneumonitis,
radiation pneumonitis/pleuritis, and bronchopneumonia.

Pharmacokinetics

For the target Cnax doses of 420 and 380 pg/ml, cycle-1 geometric means were 380 pg/ml (range,
250-496) and 338 pg/ml (range, 260-440), respectively. Observed Cnax vValues were within 20% of
the target dose for 92% (Cmax 420 pg/ml) and 75% (Cmax 380 pg/ml) of the patients. Given the
sparse sampling in this phase-11 study, estimation of pharmacokinetic parameters required
incorporating the pharmacokinetic data from the first human phase-1 study.? Consistent with
previous observations,? tasisulam demonstrated a bi-exponential disposition pattern with a predicted
distribution half-life ranging from 0.2 hour to 1.2 hours, and a median terminal elimination half-life
of 12 days, likely reflecting the high-affinity binding of tasisulam to albumin.

DISCUSSION

Second-line therapy with pemetrexed or docetaxe or second-/third-line therapy with the
epidermal growth factor receptor-tyrosine kinase inhibitor erlotinib® demonstrated response rates of
approximately 9%, median TTP of approximately 3.5 months, and PFS of 2 to 3 months. Our study
of third-line tasisulam administration in NSCLC suggests modest activity, with a median TTP of
3.12 months, no complete or partial responses, and a PFS of 2.69 months at Cpax 420 pg/ml.
Although there were no responses in the current study, the SD rate of 43.8% is comparable with
such rates in second- to fourth-line treatments for NSCLC (37%-43%).2 22X The observed PFS
(2.69 months at Cyax 420 pg/ml) is consistent with that in other studies of heavily pretreated
patients with NSCLC. & 10and 1l

| 0

The predominant toxicity of tasisulam was bone-marrow suppression, particularly grade-4
thrombocytopenia and/or neutropenia. This toxicity proved particularly challenging in this heavily
pretreated patient population, as these events occurred in 11 of 32 patients (34%) at the target Cnmax
420-pg/ml dose level, and were associated with four of the six discontinuations. Of note, four of the
seven patients with grade-4 thrombocytopenia and/or neutropenia in cycle 1 had clinical signs of
disease progression, suggesting that tumor-related cachexia and declining albumin (to which
tasisulam is highly bound) may also have contributed to the development of this toxicity.
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The exploratory, lower dose of tasisulam (target Cnax 0f 380 pug/ml) was associated with a lower
rate of grade-4 thrombocytopenia and/or neutropenia (four of 20 patients; 20%); median TTP and
PFS were 1.64 months and 1.43 months, respectively. Although the small sample sizes precluded
formal statistical efficacy/safety comparison of the Cnax dosing groups, these results suggest that a
fixed reduction in target Cpax dose for all patients may not have provided the optimal balance of
efficacy and safety.

In summary, tasisulam administered as a 2-hour infusion in 21-day cycles only had modest activity
as a third-line treatment of patients with metastatic or unresectable NSCLC. Although the
nonhematologic toxicity profile of tasisulam was relatively favorable relative to standard
chemotherapeutic agents like taxanes and cisplatin, bone-marrow suppression proved dose limiting
in this heavily pretreated patient population. Lowering the target Cnax dose of tasisulam was
associated with a lower risk of grade-4 hematologic toxicity, but further studies will be required to
identify pharmacokinetic and patient factors that might further optimize dosing. Alternative dosing
methods, including varying the target Cn.x dose by predose albumin, are under investigation in
other studies.

ACKNOWLEDGMENTS

We acknowledge Yushan Liu of i3, Inc., who performed the statistical analyses, and Mary Alice
Miller of Eli and Lilly and Company, and Lori Kornberg of i3 Statprobe, Inc., for support in the
preparation of the manuscript.

Eli Lilly and Company provided the funding for this research.

REFERENCES

1. TH Corbett, FA Valeriote, L Polin, FA Valeriote, TH Corbett, LH Baker, et al.

Discovery of solid tumor active agents using a soft-agar-colony-formation disk-diffusion-assayCytotoxic
Anticancer Drugs: Models and Concepts for Drug Discovery and Development, Kluwer Academic Publishers,
Norwell, MA (1992), pp. 35-87

2. KD Paull, RH Shoemaker, L Hodes, et al.

Display and analysis of patterns of differential activity of drugs against human tumor cell lines:
development of mean graph and COMPARE algorithm

J Natl Cancer Inst, 81 (1989), pp. 1088—1092

3. T Haritunians, S Gueller, J O’Kelly, R llaria Jr, HP Koeffler
Novel acyl sulfonamide LY573636-sodium: effect on hematopoietic malignant cells
Oncol Rep, 20 (2008), pp. 1237-1242

4. GR Simon, RL llaria Jr, MA Sovak, et al.

A phase | study of tasisulam sodium (LY573636 sodium), a novel anticancer compound in patients with
refractory solid tumors

Cancer Chemother Pharmacol, 68 (2011), pp. 1233-1241

5. SlJanmahasatian, SB Duffull, S Ash, LC Ward, NM Byrne, B Green
Quantification of lean bodyweight
Clin Pharmacokinet, 44 (2005), pp. 1051-1065

6. P Therasse, SG Arbuck, EA Eisenhauer, et al.

New guidelines to evaluate the response to treatment in solid tumors. European Organization for Research
and Treatment of Cancer, National Cancer Institute of the United States, National Cancer Institute of
Canada


http://www.sciencedirect.com/science/article/pii/S1556086415332731#bib2
http://www.sciencedirect.com/science/article/pii/S1556086415332731#bib3
http://www.sciencedirect.com/science/article/pii/S1556086415332731#bib4
http://www.sciencedirect.com/science/article/pii/S1556086415332731#bib5
http://www.sciencedirect.com/science/article/pii/S1556086415332731#bib6

J Natl Cancer Inst, 92 (2000), pp. 205-216

7. SL Beal, LB Sheiner
NONMEM User's Guide, NONMEM Project Group, University of California at San Francisco, San Francisco,
CA (1992)

8. FA Shepherd, J Rodrigues Pereira, T Ciuleanu, National Cancer Institute of Canada Clinical Trials Group,
etal.

Erlotinib in previously treated non-small-cell lung cancer

N Engl ) Med, 353 (2005), pp. 123-132

9. E Massarelli, F Andre, DD Liu, et al.
A retrospective analysis of the outcome of patients who have received two prior chemotherapy regimens

including platinum and docetaxel for recurrent non-small-cell lung cancer
Lung Cancer, 39 (2003), pp. 55-61

10. N Hanna, FA Shepherd, FV Fossella, et al.

Randomized phase Il trial of pemetrexed versus docetaxel in patients with non-small-cell lung cancer
previously treated with chemotherapy

J Clin Oncol, 22 (2004), pp. 1589-1597

11.JM Sun, KW Lee, JH Kim, et al.
Efficacy and toxicity of pemetrexed as a third-line treatment for non-small cell lung cancer
Jpn J Clin Oncol, 39 (2009), pp. 27-32


http://www.sciencedirect.com/science/article/pii/S1556086415332731#bib7
http://www.sciencedirect.com/science/article/pii/S1556086415332731#bib8
http://www.sciencedirect.com/science/article/pii/S1556086415332731#bib9
http://www.sciencedirect.com/science/article/pii/S1556086415332731#bib10
http://www.sciencedirect.com/science/article/pii/S1556086415332731#bib11

