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Abstract
INTRODUCTION—Exisulind is an apoptotic agent with preclinical activity in non-small cell lung
cancer (NSCLC). Vinorelbine is safe and effective in older patients with advanced NSCLC. We
assessed these agents together as palliative treatment for older patients with advanced NSCLC.

METHODS—Chemotherapy-naïve patients ≥ 70 years old with stage IIIB-IV NSCLC and a
performance status (PS) ≤ 2 were eligible. Primary endpoints were the maximum tolerated dose
(MTD, phase I) and time-to-progression (TTP, phase II) of oral exisulind with 25 mg/m2/week of
intravenous (IV) vinorelbine on a 28-day cycle. Patients with clinical benefit after six cycles of this
combination received exisulind alone.

RESULTS—Fourteen phase I patients (median PS 1; median age 78 years) were enrolled. Dose-
limiting toxicities included grade 3 constipation (one patient), grade 3 febrile neutropenia (one
patient) and grade 3 diarrhea (one patient). The MTD of oral exisulind with 25 mg/m2/week of IV
vinorelbine was 125 mg twice daily. Thirty phase II patients (median PS 1; median age 78 years)
were enrolled. Grade ≥ 3 neutropenia occurred in 14/30 patients. Two patients experienced
neutropenic fever. There were no complete responses, one partial response and 12 patients with stable
disease as their best response. The objective response rate was 4.0% (95% CI: 0.1–20.4%). Phase II
median TTP was 4.7 months (95% CI: 3.1 – 9.3 months) and median OS was 9.6 months (95% CI:
6.6 – 19.1 months).
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CONCLUSIONS—This combination is safe, appears to have activity in the elderly with advanced
NSCLC and a PS ≤ 2, and warrants further investigation.
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INTRODUCTION
Lung cancer is common after age 70. Between 2001 and 2003, it was diagnosed in 1 in 15
males and 1 in 22 females in this age cohort, compared with 1 in 38 males and 1 in 54 females
aged 60 to 69 years.1 Clinical researchers are increasingly recognizing that the elderly with
cancer should be studied as a distinct population.2

Vinorelbine has demonstrated efficacy in older patients with advanced NSCLC. In a phase II
study, Gridelli treated patients at least 70 years old with stage IIIB-IV NSCLC with first-line
vinorelbine (30 mg/m2/week).3 Median age was 73 years and median Eastern Cooperative
Oncology Group (ECOG) performance status (PS)3 was 2 (22/78 patients). Median time-to-
progression (TTP) was 11 weeks and median overall survival (OS) was 36 weeks. The phase
III Elderly Lung Cancer Vinorelbine Study (ELVIS) randomized patients at least 70 years old
with stage IIIB/IV NSCLC to best supportive care (BSC) or BSC with weekly vinorelbine.4
The median ECOG PS was 2 (19/43 patients). Patients receiving vinorelbine experienced a
superior median OS (28 versus 21 weeks) and improved quality of life.

Exisulind (sulindac sulfone; OSI Pharmaceuticals, Melville, NY) is an orally available inducer
of apoptosis in cancer cells via inhibition of cyclic guanosine monophosphate
phosphodiesterase and activation of protein kinase G.5–7 It may also inhibit angiogenesis.9
Exisulind demonstrated preclinical activity in NSCLC.8–10 Phase I testing of exisulind in
patients aged 18–45 years with familial adenomatous polyposis (FAP) and subtotal colectomy
recommended a phase II dose of 300 mg orally twice daily continuously.11 Treatment was
well tolerated. Predominant toxicities included reversible grade ≤ 3 hepatotoxicity, grade ≤ 2
headaches and grade ≤ 2 gastrointestinal disturbance.

Based on the preclinical activity of exisulind in NSCLC models, its favorable toxicity profile,
and the non-overlapping mechanisms of action of vinorelbine and exisulind, we conducted a
phase I/II trial of first-line exisulind/vinorelbine for patients with stage IIIB-IV NSCLC who
were at least 70 years old and ECOG PS ≤ 2. The phase I primary objective was to find dose
limiting toxicities (DLT), the maximum tolerated dose (MTD) and recommended phase II dose
of this combination. The phase II primary objective was to evaluate the clinical efficacy in
prolonging TTP. The secondary objectives were to evaluate toxicities, objective RR and OS.

PATIENTS AND METHODS
Patient Eligibility

Eligible patients were ≥ 70 years of age, chemotherapy-naive, had an ECOG PS ≤ 2,
histologically-confirmed stage IIIB (pleural effusion) or IV NSCLC, measurable disease and
adequate major organ function [white blood cell count ≥ 3,500/mm3, absolute neutrophil count
(ANC) ≥ 1,500/mm3, platelet count ≥ 100,000/mm3, creatinine ≤ 2.0 mg/dl or creatinine
clearance ≥ 60 mg/dl, total bilirubin (TB) < institutional upper limit of normal (ULN), aspartate
transaminase (AST) ≤ 1.5 ULN and alkaline phosphatase (ALP) ≤ 2.5 ULN]. Prior radiotherapy
was allowed if there was measurable disease outside of or progressive disease within the
radiotherapy port. Exclusion criteria included clinically unstable brain metastasis, use of non-
steroidal anti-inflammatory medications within two weeks (except ibuprofen, naproxen and
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low dose aspirin) and subtotal colectomy. The Institutional Review Board of the University of
Wisconsin and participating institutions approved the study protocol. All enrolled patients
provided written informed consent.

Study Parameters and Tumor Assessment
Baseline laboratory and imaging studies were performed within two and four weeks prior,
respectively, of enrollment. Subsequent lab studies were performed on day 1 of each cycle. A
complete blood count was drawn weekly. Measurable disease was reimaged and graded using
Response Evaluation Criteria in Solid Tumors14 every two cycles.

Phase I and II Treatment
OSI Pharmaceuticals (Melville, NY) provided exisulind as 125 mg capsules. We used pill
counts to monitor exisulind compliance.

During the phase I study, exisulind (dose level 1, 125 mg twice a day; dose level 2, 125 mg in
the morning and 250 mg in the evening; and dose level 3, 250 mg in the morning and 250 mg
in the evening) was combined with 25 mg/m2/week (without interruption) of intravenous
vinorelbine on a 4-week cycle. The MTD was used as the phase II regimen.

Progressive disease (PD), treatment intolerance, treatment delay of either drug > 14 days and
withdrawn consent were reasons for ceasing treatment. Otherwise, patients received up to six
cycles of vinorelbine with exisulind followed by exisulind alone (initially at the cycle 6 dose).

Granulocyte colony simulating factor (G-CSF) support was not used in the phase I study. G-
CSF was used during phase II for grade 4 neutropenia > 5 days and recurrent neutropenia,
followed by prophylactic G-CSF in subsequent cycles.

Phase I Dose Limiting Toxicity, Dose Escalation and Maximum Tolerated Dose
Toxicities were graded according to the National Cancer Institute Common Toxicity Criteria,
version 2.0. DLT was defined as grade 4 neutropenia ≥ 7 days, grade 4 neutropenia and fever
(any oral temperature > 38.5°C, or three elevations > 38°C/24 hours) requiring parenteral
antibiotics, grade 4 thrombocytopenia, delay in treatment > 14 days and other non-
hematological grade ≥ 3 toxicity.

The MTD was determined during cycle 1 using a traditional 3-by-3 cohort design as previously
described.12

Statistical Considerations
The primary endpoint of the phase I study was toxicity. The primary endpoint of the phase II
study was TTP. Secondary endpoints included safety, tolerability, objective RR and OS.

The sample size estimate for phase II enrollment did not include phase I patients. Utilizing
standard approximations based upon an exponential distribution for time to event assuming
that patient accrual is uniform over time, we estimated that 27 disease progressions would need
to be observed. This sample size would provide 90% power to detect a 50% increase in median
TTP from 11 weeks for historical control13 to 16.5 weeks on the protocol therapy according
to a one-sided logrank test at the 0.2 signifiance level. Our rationale was that we were not so
much concerned about falsely claiming efficacy of this therapy, but rather we did not want to
overlook a promising therapy because of limited power. We planned to accrue 30 patients with
an additional follow up after the last patient was enrolled until there were 27 disease
progressions.

Attia et al. Page 3

J Thorac Oncol. Author manuscript; available in PMC 2008 October 6.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



According to this design, this combination would be considered for further testing if the
observed median TTP was > 13 weeks, corresponding to the 80% lower confidence limit for
the true median TTP with the protocol therapy when 27 disease progressions were observed
in the study. TTP and OS were defined as the time elapsed between study enrollment and
progressive disease (PD) and death, respectively. Patients completing two cycles of treatment
were evaluable for objective response. All enrolled patients were considered evaluable for OS
and TTP (intent-to-treat). TTP and OS were analyzed using the Kaplan-Meier method.14
Quantitative and qualitative toxicities, as well as objective RR were summarized with
descriptive statistics.

RESULTS
Baseline Patient Characteristics

Fourteen patients enrolled in the phase I study between April 2001 and June 2002 (Table 1).
Thirty patients enrolled in the phase II study between November 2002 and May 2004 (Table
1).

Phase I Dose Escalation, Dose Limiting Toxicity and Maximum Tolerated Dose
After no DLTs were observed in three patients at dose level 1 (125 mg of exisulind twice a
day), four patients enrolled at dose level 2 (125 mg of exisulind in the morning and 250 mg in
the evening). Two dose level 2 patients experienced a DLT (grade 3 constipation and grade 3
diarrhea). Dose level 2 was expanded by five patients. Two were replaced because of death
during cycle 1 unrelated to treatment (one patient) and withdrawn consent (one patient). One
patient in this expanded cohort experienced a DLT (grade 4 neutropenic fever). Therefore, the
MTD was designated as 125 mg exisulind twice a day orally continuously with 25 mg/m2/
week intravenous vinorelbine on a 4-week cycle.

Phase I Treatment
Fourteen phase I patients received a median 2 cycles of vinorelbine with exisulind (41 cycles
total; range, 0.5 to 6 cycles) and a median zero cycles of exisulind alone (60.0 cycles total;
range, 0 to 28 cycles). Three patients (21.4%) completed six cycles of combination therapy
(i.e., one patient at dose level 1 and two at dose level 2). These three patients then received 10,
22 and 28 cycles of exisulind alone. Reasons for removal from treatment included PD (eight
patients), DLT (three patients), withdrawn consent (one patient), death unrelated to treatment
(one patient), and serious adverse event unrelated to treatment (cerebrovascular accident in
one patient).

Phase II Treatment
Thirty phase II patients received a median 4 cycles of vinorelbine with exisulind (114 cycles
total; range, 0.3 to 6 cycles) and a median zero cycles of exisulind alone (65 cycles total; range,
0 to 13 cycles). Seventeen percent (5/30) of patients withdrew from treatment before
completing cycle 2 because of declining PS and/or treatment intolerability. Forty percent
(12/30) of patients completed the initial six cycles of vinorelbine with exisulind. Eleven of
these patients continued exisulind alone (median 4 cycles; range, 2 to 13 cycles). Reasons for
stopping treatment included PD (25/30 patients), declining PS (two patients), withdrawn
consent (one patient), death unrelated to treatment (one patient), and grade 3 peripheral
neuropathy (one patient). Vinorelbine dose intensity was 75.5% of planned (median, 75%;
range, 25 to 100%). Examination of available exisulind pill calendars for the patients treated
at the University of Wisconsin suggested that compliance was good.
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Phase I Safety and Tolerability
Table 2 summarizes phase I toxicities. Sixteen (10%) of 165 planned vinorelbine doses were
held and 37 (22%) were reduced because of grade ≥ 2 neutropenia. One patient had neutropenic
fever (grade 4). Toxicity attributable to exisulind was infrequent. Liver function test elevation
was ≤ grade 2 except for one occurrence of grade 3 ALP elevation. One incidence of grade 3
diarrhea was reported. One episode of grade 3 constipation occurred, attributable to both drugs.
Exisulind was held for 12 (5%) of 240 planned weeks of administration and dose reduced for
nine (4%).

Phase II Safety and Tolerability
Table 3 summarizes phase II toxicities. Fourteen percent (62/444) of vinorelbine doses were
held and 19% (84/444) were reduced because of neutropenia. Two patients (7%) had grade 3
neutropenic fever. Toxicities attributable to exisulind were infrequent. One episode, each, of
grade 3 ALP and grade 3 AST elevation occurred. Four patients experienced grade 3
constipation. Out of 704 planned weeks of administration, exisulind was held for 16 weeks
(3%) and dose reduced for 75 weeks (11%). Toxicities observed during 65 cycles of exisulind
maintenance were grade ≤ 2 except for one incidence of grade 3 anemia and one episode of
grade 3 neutropenia.

Phase I Efficacy
By January 2008, with a median follow up of 11.6 months (range, 0.4 to 54.5 months), all
patients had died. Table 4 summarizes patient outcomes.

Phase II Efficacy
By January 2008, with a median follow up of 9.6 months (range, 0.3 to 61.6 months), 93.3%
of patients had died. Table 4 summarizes patient outcomes. Five patients withdrew consent
before completing two cycles due to decline in PS (three patients), grade 3 constipation (one
patient) and progressive dyspnea (one patient). Reasons for stopping treatment in the other 25
patients included PD (24 patients) and grade 3 neuropathy (one patient). No CRs were seen.
One patient experienced a PR, yielding an objective RR of 4.0% (95% CI: 0.1–20.4). The
median duration of SD was 6.9 months. The median TTP was 4.7 months (95% CI: 3.1–9.3)
and the median OS was 9.6 months (95% CI: 6.6–19.1). Figure 1 and Figure 2 are the Kaplan-
Meier curves for TTP and OS, respectively.

DISCUSSION
Exisulind is a well-tolerated11 orally available pro-apoptotic agent6 with preclinical activity
in NSCLC.8–10 Vinorelbine is the only drug shown to improve quality of life and survival as
a single-agent in the first-line treatment of elderly patients with advanced NSCLC.4 Therefore,
it was reasonable to assess these agents together.

Treatment in our phase I population yielded an MTD of 25 mg/m2/week of intravenous
vinorelbine with 125 mg of oral exisulind twice daily continuously on a 28-day cycle. DLTs
included constipation, diarrhea and febrile neutropenia. The phase II median TTP was 4.7
months (20.4 weeks) and the phase II median OS was 9.6 months (41.7 weeks). Our phase II
primary endpoint was met, in that the median TTP exceeded 13 weeks. Neutropenia was the
predominant toxicity, although neutropenic fever was rare. The median age of our patients was
78 years.

This is the first clinical study of exisulind with vinorelbine. Four other phase II studies
combining exisulind with cytotoxic agents for the treatment of advanced NSCLC have been
reported. Masters17 and Jones15 evaluated first-line exisulind combined with carboplatin/
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gemcitabine and carboplatin/docetaxel, respectively. Hoang12 and Weiss19 assessed second-
line exisulind combined with gemcitabine and docetaxel, respectively. The results of these four
studies were similar to what we would expect with their respective cytotoxic agents alone. In
each, exisulind did not worsen outcomes or exacerbate toxicity. These studies’ findings are in
line with others in which a targeted agent, such as erlotinib,16 or a matrix metalloproteinase
inhibitor,17 was combined with cytotoxic agents for the treatment of advanced NSCLC. The
notable exception to this record is the prolongation of survival resulting from the addition of
bevacizumab to cytotoxic agents.22, 23

Our efficacy results compare favorably with those of prior single-agent vinorelbine studies
treating advanced NSCLC in the elderly. In a phase II study by Gridelli, patients at least 70
years of age with stage IIIB-IV NSCLC and an ECOG PS ≤ 2 were treated with first-line
vinorelbine (30 mg/m2/week).13 The median age was 73 years and median ECOG PS was 2
(22/43 patients). Median TTP was 11 weeks and median OS was 36 weeks. A fair assertion
when comparing this study with ours is that our patients were “fit elderly” with a median ECOG
PS of 1. Nonetheless, the finding in our elderly phase II population of a median TTP of 4.7
months and a median OS of 9.6 months is provocative when compared to single-agent historical
control.13 A randomized trial of vinorelbine with and without exisulind would be necessary
to identify any clinical benefit in adding exisulind.

It is unclear why the results of our combination study incorporating exisulind yielded more
favorable efficacy results than seen with prior exisulind combination studies in advanced
NSCLC.12, 15, 18, 19. Although small in number, our patients were selected from multiple
sites in our academic-community network. In addition, there do not appear to be significant
discrepancies between our eligibility criteria and those from the other studies.16–19 Our
findings are consistent with the prior exisulind studies, in that the addition of exisulind to a
cytotoxic regimen did not appear to exacerbate toxicity. Although preclinical evidence to date
suggests a lack of potentiation between exisulind and cytotoxics,20 our favorable experience
with this combination prompts us to consider the use of pro-apoptotic agents in NSCLC worthy
of further study.

The predominant toxicity in our patients was neutropenia attributable to vinorelbine. This was
expected.4, 21 Nearly half of phase II patients experienced grade ≥ 3 neutropenia. However,
neutropenic fever was uncommon. Prophylactic G-CSF support may have been useful in this
setting to avoid treatment delay and dose reduction. Prophylactic pegfilgrastim starting with
the first cycle of chemotherapy reduced the rate of neutropenic fever and hospitalizations in a
randomized trial of 852 patients at least 65 years old.22 Since the initiation of our study, several
organizations23–25 have recommended consideration of prophylactic G-CSF in elderly
patients receiving standard-dose myelotoxic chemotherapy for whom neutropenia is expected.

The addition of exisulind to vinorelbine did not worsen toxicity in our patients. This is
evidenced by the fact that 40% of our phase II patients completed six cycles of combination
treatment. Additionally, in 175 phase II cycles of exisulind as part of combination therapy or
as maintenance, exisulind-related toxicities were ≤ grade 2 in all but two cases (grade 3 ALP
and grade 3 AST elevation). This profile is similar to that seen in a phase I study by von Stolk
of single-agent exisulind in patients aged 18–45 years with FAP and subtotal colectomy.11
Here, there was only one grade ≥ 3 event (elevated alanine aminotransaminase) over
approximately 108 cycles. We did not perform pharmacokinetic analyses. Therefore, one may
theorize that the von Stolk study found a higher MTD because of an undetected interaction
between exisulind and vinorelbine. However, it is also possible that our patients, who had intact
colons, had greater resorption of exisulind leading to a prolonged residence time.26, 27
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It is noteworthy that among our 30 phase II patients, eight developed grade 3, and one developed
grade 4, dyspnea. Dyspnea is a nearly ubiquitous symptom in this population, in whom pleural
effusions, pulmonary infections, pulmonary emboli, atelectasis, emphysema, anemia,
cardiovascular disease, and prior treatments with radiotherapy are frequent.28 For example,
Gridelli et al. reported a baseline incidence of dyspnea of 67% in their elderly cohort.3 Dyspnea
is not a known adverse effect of exisulind, and prior evaluation of vinorelbine in the elderly
do not report the incidence of dyspnea during treatment.4, 11, 13 It does not appear that
exisulind contributed to the worsening of dyspnea in our patients.

Strengths of this study include its novelty as the first clinical study of vinorelbine with exisulind
and its focus on older patients. Additionally, the conduct of this trial in both the academic and
community settings may provide less bias in patient selection and a more realistic profile of
toxicities and patient outcomes.

There are several limitations to interpreting this study. First, we did not use a uniform method
of classifying comorbidities and functional impairment.29–33 We relied on ECOG PS3 in
determining eligibility. As has been documented, the use of ECOG PS alone may not be the
best way to assess the functionality of the elderly.34

Second, pharmacokinetic analyses were not conducted. Pharmacokinetic studies in elderly
cancer patients have provided conflicting results, including reports analyzing vinorelbine.35–
37 To our knowledge, no data exist concerning the clearance of oral exisulind in the elderly.
However, Sitar found no differences in the clearance of sulindac sulfoxide, a prodrug of
exisulind, when comparing elimination data from young, healthy individuals with those older
than 65 years taking 150 mg twice a day.38 The type, frequency and severity of our phase II
patients’ toxicities were in line with our expectations. This observation implies there is low
likelihood of significant pharmacologic interaction.

Third, 30% of our phase II patients presented for first-line chemotherapy after prior surgery,
and 37% after prior radiation. This may indicate that our cohort carried a more favorable
prognosis and may have contributed to our provocative efficacy outcomes.

Last, most of our patients had a PS of 1, and only two of 30 had a PS of 2. Therefore, our results
are confined to the “fit elderly” and may not generalize to a broader geriatric cancer population.

We demonstrate that a first-line regimen of vinorelbine/exisulind was reasonably well tolerated
by an older cohort of patients with advanced NSCLC. Median TTP and median OS were
prolonged compared to historical control. We conclude that this combination is safe, appears
to have activity in patients at least 70 years of age with advanced NSCLC and a PS ≤ 2, and
that the use of pro-apoptotic agents in NSCLC warrants further investigation. At present,
however, the study sponsor does not plan further clinical development of exisulind.
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Figure 1.
Kaplan-Meier estimate of the survival function for time to progression in the phase II patients
(n=30).
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Figure 2.
Kaplan-Meier estimate of the survival function for overall survival in the phase II patients
(n=30).
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Table 1
Baseline characteristics of all patients.

Characteristic Phase I
(n=14)

Phase II
(n=30)

Total
(n=44)

Age, years
  Median 78 78 78
  Range 72–84 71–91 71–91
Male 8 (57.1%) 17 (56.7%) 25 (56.8%)
Female 6 (42.9%) 13 (43.3%) 19 (43.3%)
ECOG performance status
  0 5 (35.7%) 12 (40%) 17 (38.6%)
  1 9 (64.3%) 16 (53.3%) 25 (56.8%)
  2 0 2 (6.7%) 2 (4.5%)
Ethnicity
  African American 0 1 (3.3%) 1 (2.3%)
  Caucasian 14 (100%) 29 (97.7%) 43 (97.7%)
Histology
  Adenocarcinoma 10 (71.4%) 16 (53.3%) 26 (59.1%)
  Squamous cell 2 (14.3%) 5 (16.7%) 7 (15.9%)
  Bronchoalveolar 0 4 (13.3%) 4 (9.1%)
  Adenocarcinoma/bronchoalveolar 0 1 (3.3%) 1 (2.3%)
  Unspecified 2 (14.3%) 4 (13.3%) 6 (13.6%)
Stage IIIB 1 (7.1%) 0 1 (2.3%)
Stage IV 13 (92.9%) 30 (100%) 43 (97.7%)
Metastatic sites
  Liver 2 (14.3%) 5 (16.7%) 7 (15.9%)
  Bone 4 (28.6%) 7 (23.3%) 11 (25.0%)
  Brain 0 3 (10.0%) 3 (16.8%)
  Adrenal gland 4 (28.6%) 3 (10.0%) 7 (15.9%)
  Pleural 0 2 (6.7%) 2 (4.5%)
  Skin 0 3 (10.0%) 3 (6.8%)
Prior cancer-related therapy
  Chemotherapy 0 0 0
  Surgery
    Early stage disease 4 (28.6%) 9 (30.0%) 13 (29.5%)
    Advanced stage disease 0 0 0
  Radiotherapy
    Early stage disease 1 (7.1%) 0 1 (2.3%)
    Advanced stage disease 2 (14.3%) 11 (36.7%) 13 (29.5%)
  Surgery and radiotherapy 2 (14.3%) 4 (13.3%) 6 (13.6%)
  Gefitinib 1 (7.1%) 0 1 (2.3%)
Treatment site
  UWCCC 4 (28.6%) 13 (43.3%) 17 (38.6%)
  WON 10 (71.4%) 17 (56.7%) 27 (61.4%)
Abbreviations: ECOG, Eastern Cooperative Oncology Group; UWCCC, University of Wisconsin Paul P. Carbone Comprehensive Cancer Center; WON,
Wisconsin Oncology Network.
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Table 4
Efficacy.

Variable Phase I Phase II
Best response
  Evaluable 8 25
  Complete response 0 0
  Partial response 1 1
  Stable disease 3 12
  Progressive disease 4 12
TTP and Survival
  Evaluable 30 30
  Median TTP, months 4.2 (95% CI: 1.9 – ∞) 4.7 (95% CI: 3.1 – 9.3)
  Median OS, months 11.6 (95% CI: 6.0 – 52) 9.6 (95% CI: 6.6 – 19.1)
  1-year survival, percent 50 (30% standard error) 47 (9% standard error)
Abbreviations: TTP, time-to-progression; OS, overall survival; CI, confidence interval.
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