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Background: Fosbretabulin is a novel vascular-disrupting agent that has antitumor activity against anaplastic
thyroid cancer (ATC) cell lines, xenografts, and demonstrable efficacy in a phase I trial. This phase II study
determined the efficacy and safety of fosbretabulin in patients with advanced ATC and whether fosbretabulin
altered the natural history of ATC by virtue of doubling the median survival. A secondary aim evaluated the
prognostic value of serum soluble intracellular adhesion molecule-1 (sICAM).
Methods: Twenty-six patients received fosbretabulin 45 mg=m2 as a 10-minute intravenous infusion on days 1, 8,
and 15 of a 28-day cycle. sICAM levels were obtained at baseline, over the first two cycles, and end of therapy.
Treatment was continued until disease progression.
Results: Fosbretabulin was well tolerated; grade 3 toxicity was observed in nine patients (35%), and grade 4
toxicity in one (4%). QTc prolongation delayed treatment in four causing one to stop treatment. Median survival
was 4.7 months with 34% and 23% alive at 6 and 12 months, respectively. Median duration of stable disease in
seven patients was 12.3 months (range, 4.4–37.9 months). Baseline serum sICAM levels were measured in 24
patients with a median 253.5 ng=mL. There was a significant difference in event-free survival among tertiles of
baseline sICAM levels ( p < 0.009).
Conclusions: There were no objective responses seen with single-agent fosbretabulin as administered in this trial,
and we did not observe a doubling of survival as our primary endpoint. This is among the largest prospective
trials ever conducted for ATC. Fosbretabulin has an acceptable safety profile in patients with advanced ATC,
and one-third survived more than 6 months. Despite a small sample size, low baseline sICAM levels were
predictive of event-free survival. Further prospective validation of sICAM as a therapeutic biomarker and
exploring combination regimens with fosbretabulin are warranted.

Introduction

Anaplastic thyroid cancer (ATC) is among the most
lethal solid tumors with a median survival on the order

of 12 weeks (1,2). One-year and 10-year survival rates are
estimated at 10–20% and less than 5%, respectively (1–3),
though some experts question the reliability of diagnosis in

these long-term survivors (4). Although ATC accounts for
approximately 1–3% of thyroid cancer in the United States, it
is responsible for 14–50% of thyroid cancer mortality (1,4–6).
The current standard therapeutic approach is to consider the
disease as systemic at time of diagnosis and pursue com-
bined modality therapy incorporating cytoreductive surgi-
cal resection where feasible and=or chemoradiation either
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concurrently or sequentially (4). Several studies have shown
increased expression of the multidrug-resistant–associated
protein with decreased expression of mdr1 mRNA and
P-glycoprotein and loss of p53 tumor suppressor gene func-
tion in ATC cell lines (7–10). This likely explains the near
uniformly poor outcomes with traditional chemotherapy,
even with doxorubicin and paclitaxel, which are regarded as
the most active single agents in this disease (11–13).

Fosbretabulin (formerly combretastatin A4 phosphate) is
the lead compound among a group of novel tubulin-binding
compounds originally isolated from the bark of the African
bush willow tree, Combretum caffrum (14). The compound is
a synthetic, water soluble, phosphorylated prodrug of the
active molecule, combretastatin A4 (CA4). CA4 is a vascular-
disrupting agent (VDA) that targets existing tumor neo-
vasculature, and causes an acute reduction in tumor blood
flow that leads to central necrosis within tumors. In xenograft
models, tumor blood flow was reduced 50–60% with an as-
sociated 90% loss of functional vascular volume within 6
hours of treatment with fosbretabulin (15,16). In phase I=II
human studies, fosbretabulin has been demonstrated to re-
duce blood flow in many types of solid tumors (17–21). Blood
flow reduction was greatest in highly vascular tumors, such as
thyroid cancer (19,20).

Although the exact mechanism of action of fosbretabulin
has not been fully elucidated, there is evidence to suggest
effects on endothelial cells. Fosbretabulin destabilizes micro-
tubules and disrupts cell–cell adhesion mediated by vascular
endothelial (VE)-cadherin, leading to collapse of endothelial
cells and occlusion of vessels. Endothelial cells in abnormal
tumor vessels that lack a full complement of smooth muscle or
pericyte support are more sensitive to the effects of CA4,
conferring a degree of vascular specificity. In addition, fos-
bretabulin has cytotoxic effects against several tumor lines
in vitro, although the VDA activity is hypothesized to be
the predominant mechanism for antitumor activity in vivo
(14,22–29).

Initial observations in our fosbretabulin phase I trial pro-
vided evidence of a possible correlation between endothelial
damage and drug effect (17). At the highest dose levels (60–
90 mg=m2) serial measurements of soluble intracellular ad-
hesion molecule-1 (sICAM), soluble vascular cell adhesion
molecule, and soluble E-selectin, obtained immediately pre-
infusion and at hours 1 and 24 postinfusion, showed a sig-
nificant increase of sICAM after drug treatment ( p< 0.025).
No statistical difference was seen between 1-hour and 24-hour
postinfusion levels. Similarly, no significant change was seen
for soluble vascular cell adhesion molecule or soluble E-
selectin. A secondary aim of our study was to explore the
utility of sICAM as a potential biomarker.

Fosbretabulin has demonstrable activity against ATC in
orthotopic xenograft models (30). Phase I=II trials of fos-
bretabulin in refractory solid tumors included seven patients
with ATC (17–21). One patient who received fosbretabulin
monotherapy experienced a durable complete response (>9
years) (17). In a study of fosbretabulin in combination with
carboplatin=paclitaxel, one subject experienced a partial re-
sponse and a second experienced stable disease for more
than 4 months (20). On the basis of the aforementioned
preclinical and clinical rationale, we embarked on a phase II
single-agent trial of fosbretabulin in patients with advanced
ATC.

Patients and Methods

Selection criteria

Patients were required to have biopsy-proven advanced or
metastatic ATC. Hematoxylin and eosin (H&E)–stained tu-
mor slides from all 26 cases were reviewed ( J.K.W.) at Uni-
versity Hospitals Case Medical Center. Additionally, patients
had assessable disease and no prior therapy for metastatic
disease beyond initial combined modality treatment at diag-
nosis. Patients were eligible if they progressed or relapsed
during or after initial combined modality therapy, usually
including systemic chemotherapy and radiation, for region-
ally advanced disease or in the setting of metastatic disease
provided therapy was limited to one chemotherapy regi-
men administered in an uninterrupted primary therapeutic
approach. Additional entrance criteria included Eastern Co-
operative Oncology Group performance status of �2 and
adequate cardiac (normal electrocardiogram [ECG] with QTc
interval �450 milliseconds and left ventricular ejection frac-
tion�50% per echocardiogram and no significant wall motion
abnormalities), renal (serum creatinine�1.5 times upper limit
of normal), bone marrow (absolute granulocyte count
�1500=mL; platelets �75,000=mL), and hepatic (total bilirubin
�1.5�, and aspartate aminotransferase and alanine amino-
transferase �3.5� the institutional upper limit of normal, re-
spectively) function. Exclusion criteria included patients with
serious uncontrolled nonmalignant medical illnesses, grade 2
[NCI Common Toxicity Criteria, version 2.0] (31), or greater
preexisting peripheral neuropathy, active brain metastasis,
major surgery within the preceding 4 weeks, symptomatic
peripheral vascular disease, history of angina, myocardial
infarction, heart failure, uncontrolled hypertension, other
conditions rendering patients incapable of complying with
the requirements of the protocol, hypokalemia (<3.5 mEq=L),
hypomagnesemia (<1.5 mg=L), and concurrent investiga-
tional or antineoplastic therapy. Signed informed consent was
obtained from all patients in keeping with the U.S. Food and
Drug Administration and institutional guidelines.

Treatment plan

Patients received fosbretabulin (supplied by Oxigene,
Waltham, MA) at a dose of 45 mg=m2 as a 10-minute intra-
venous infusion weekly for 3 weeks followed by 1 week off
treatment (days 1, 8, and 15 of a 28-day treatment cycle).
Fosbretabulin was administered in an inpatient=outpatient
monitored setting using an infusion pump with frequent
blood pressure measurements during the first two cycles of
therapy and less frequently thereafter. During each treatment
cycle, any medication known to prolong QTc was held a
minimum of 72 hours before the administration of fosbreta-
bulin and resumed no earlier than 6 hours after its dosing. All
patients were premedicated with appropriate antiemetic reg-
imen; dolasetron was avoided due to its potential to prolong
the QTc interval. Treatment was continued until unacceptable
toxicity, patient refusal, intercurrent illness preventing con-
tinuation of therapy, disease progression, or death occurred.

Baseline and clinical assessments

Before entering the study, all patients underwent a physical
examination, complete blood count, serum chemistry in-
cluding serum magnesium, urinalysis, chest X-ray, 12-lead
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ECG, echocardiogram, documentation of known or suspected
tumor involvement per appropriate imaging technique, and
laryngoscopy as warranted to confirm patency of the airway
in patients with bulky cervical tumor. Complete blood count
and serum chemistry were collected weekly. Toxicity evalu-
ation according to NCI Common Toxicity Criteria (31) (at
study closure analysis of QTc data were undertaken with NCI
Common Terminology Criteria for Adverse Events [CTCAE],
version 3.0, which is more precise) (32), physical examina-
tion, performance status, sICAM serum sample collection,
and ECG were conducted before drug administration. sICAM
levels were measured by ELISA technique (R&D Systems,
Minneapolis, MN) per prior published methods (17). Samples
were collected 1 and 24 hours after treatment during the
first two cycles and at time off-study. On days 1, 8, and 15 of
each cycle, three predose 12-lead ECGs were obtained sepa-
rated by 5 minutes; the mean QTc of the three ECGs served
as baseline. Single ECGs were obtained for cycles 1 and 2 at
1-hour increments for 6 hours postadministration of fos-
bretabulin. If no abnormalities existed, ECG monitoring was
reduced for cycles 3 through 6 to one at pretreatment and at
hours 2 and 4 posttreatment. ECGs were stopped after cycle
6 in the absence of adverse cardiac events. Assessment of tu-
mor response was performed every two cycles per RECIST
criteria (33).

Statistical methods

One of the primary objectives of the study was to determine
whether fosbretabulin altered the natural history of ATC by
virtue of doubling the median survival of patients with ad-
vanced disease from 4–6 months to 8–12 months. With type I
error of 0.05, 2-year accrual period and additional 2-year
follow-up after enrolling last patient, 24 patients were re-
quired for the study to have 80% power to reject the null
hypothesis of median survival of 4 months against the alter-
native hypothesis of median survival of 7 months. The sur-
vivor function was estimated by Kaplan–Meier method, and
the difference among tertile of baseline sICAM was examined
by log-rank test (34). The difference of sICAM measured at
baseline and other time points during treatment was exam-
ined by paired T-test. All tests are two sided, and p-value
�0.05 was considered statistically significant.

Results

Patient characteristics

Between April 2003 and December 2006, 26 patients with
advanced ATC were enrolled from three cancer centers in
Cleveland, Detroit, and Pittsburgh (see Table 1). The majority
of patients had prior therapy (92%) and metastatic disease
(73%). The clinical characteristics of the seven patients with
stable disease can be briefly summarized as follows: there
were three men and four women (median age, 64 years; range,
52–76); five had metastatic disease; all seven underwent sur-
gery, and three had radiation, including two with concurrent
systemic chemotherapy.

Pathology review

Submitted pathology material was independently reviewed
for all 26 cases. This included at least one H&E-stained slide in
all cases. Additional H&E-stained and immunostained slides

were also reviewed when available. All cases were morpho-
logically compatible with the diagnosis of anaplastic (undif-
ferentiated) carcinoma. Nineteen of the 26 cases were entirely
comprised of anaplastic (undifferentiated) carcinoma. One of
these cases had a previous history of papillary thyroid carci-
noma, though residual papillary carcinoma was not identified
in the current material. Seven cases contained residual foci of
well-differentiated thyroid carcinoma; these included six cases
with a papillary thyroid carcinoma component and one case
with a Hurthle cell carcinoma component.

Treatment course

A total of 77 cycles of therapy were delivered with a median
2 cycles per patient (range, 1–19). Therapy was delayed in four
patients due to QTc interval prolongation. Patient 6 had cycle
1 day 1 (C1D1), C3D15, C4D8, and C4D15 each delayed 1 day
due to QTc prolongation average of 461, 491, 467, and 475
milliseconds (grade 1–2 toxicity) (32). Patient 9 had a 1-day
delay due to an average QTc of 471 milliseconds during C7D8
(grade 2 toxicity). Patient 13 was delayed twice for a total
of 2 weeks during C1D15 due to QTc average of 467 and
457 milliseconds (grade 1 toxicity) (32). Finally, patient 23
had C1D1 delayed 1 week because baseline QTc interval of
>450 milliseconds and was finally taken off study when C1D8
was delayed due to recurrent QTc interval prolongation up to
477 milliseconds (grade 2 toxicity) (32).

Toxicity

Therapy was generally well tolerated with the most com-
mon adverse effects being mild nausea, vomiting, and head-
ache, all of which resolved within 24 hours of drug

Table 1. Patient Characteristics

Sex (male=female) 16=10
Age, median (range) 59 years (22–76)
ECOG performance status 0=1 11=15
Stage (regional disease confined

to neck=metastatic)
7=19

Prior therapy=no prior therapy 24=2
Combined modality therapy (n¼ 16)

Surgeryþ radiationþ chemotherapy 9
Radiationþ chemotherapy 4
Surgeryþ radiation 3

Chemotherapy exposure (n¼ 13)
Paclitaxel-based: single patient each

with paclitaxel alone; paclitaxelþ
doxorubicin; paclitaxelþ cisplatin;
paclitaxelþdoxorubicinþ cisplatin

4

Doxorubicin-based: doxorubicin
alone (six patients) and
doxorubicinþ cisplatin (2)

8

Cisplatin single agent 1
Single modality therapy (n¼ 8)

Surgery 7
Radiation 1

Participating centers–patient enrollment:
Cleveland 20
Detroit 4
Pittsburgh 2

ECOG, Eastern Cooperative Oncology Group.
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administration (Table 2). There was negligible myelosup-
pression. Of the 26 patients, grade 3 toxicity was observed in 9
(35%) and grade 4 toxicity was observed in 1 (4%). Grade 3
tumor pain was encountered in three patients (12%), and
grade 4 tumor pain in 1 (4%). Six subjects experienced seven
serious adverse events during the study, all of which were
attributable to progression of ATC. Four patients had epi-
sodes of QTc interval prolongation in excess of 450 millisec-
onds that delayed therapy, including one patient who
discontinued the study. There was no ECG or clinical evi-
dence of ventricular ectopy, ventricular arrhythmia, or car-
diac ischemia.

Tumor response

No patient experienced an objective response; a single pa-
tient had a near-partial remission after two cycles but rapidly
progressed during cycle 3. The initial best response to treat-
ment was stable disease in 7 patients (27%), 15 patients with
progressive disease, and response could not be evaluated in 4
patients. At the end of the study, 25 patients were taken off
the trial due to disease progression and one due to prolonged
QTc interval. Twenty-three of the 26 patients had expired by
October 2007, the data cut-off time. Three patients were alive
at time of last follow-up at 12.1þ, 24.4þ, and 37.9þ months.
Median survival time was 4.7 months (95% CI, 2.5–6.4
months) (Fig. 1). Overall survival was 34% at 6 months and
23% at 12 months. Event-free survival (EFS) at 3 and 6 months
was 23.1% and 7.7%, respectively. The median survival of the
seven patients with stable disease was 12.3 months (range,
4.4–37.9 months). One patient experienced prolonged stable
disease with progression at 20 months of therapy. In univar-
iate analyses, there was no difference in overall survival

outcomes when evaluated by baseline factors, including age,
sex, performance status, presence of metastatic disease, and
prior therapy.

sICAM

Baseline serum sICAM levels were measured in 24 of the
26 patients with a median of 253.5 ng=mL (range, 172–839.5).
The distribution of baseline sICAM was roughly normal with
the exception of one patient with an extreme value over
800 ng=mL. sICAM levels did not change significantly over
the course of treatment. When patients are grouped by the
tertile of the baseline sICAM, there was no significant differ-
ence in overall survival among patients with low baseline
sICAM levels, those with intermediate levels, and those with
high levels ( p< 0.8). There was a highly significant difference
of EFS stratified by the tertiles of baseline sICAM levels
( p< 0.009) (Fig. 2)—the higher baseline sICAM levels, the
shorter the EFS.

Clinical features of the three longest survivors

The clinical features of the three patients with the longest
survival (37.9, 24.4þ, and 15.9 months) are summarized in
Table 3. All of these patients had stable disease.

Discussion

This study is among the largest prospective trials ever
conducted for patients with ATC, and there are several notable
observations. Despite the absence of any objective response by
RECIST criteria and failure to achieve the primary endpoint of
the trial, 27% of patients achieved stable disease, which may be
noteworthy in a tumor type that can reportedly double in size

Table 2. Composite Summary of Toxicity Per Common Toxicity Criteria (31)

Toxicity Grade 1 Grade 2 Grade 3 Grade 4 Grade 5 Total

Bone marrow (leukopenia) 14 0 0 0 0 14
Bone marrow (lymphopenia) 16 18 11 0 0 45
Cardiovascular (arrhythmia) 16 0 0 0 0 16
Cardiovascular (prolonged QTc)a 28 0 0 0 0 28
Cardiovascular (sinus tachycardia) 11 0 0 0 0 11
Cardiovascular (general=other) 8 5 0 0 0 13
Constitutional (fatigue) 11 4 0 0 0 15
Constitutional (diaphoresis) 8 2 0 0 0 10
Dermatology (flushing) 10 0 0 0 0 10
Gastrointestinal (nausea) 22 1 0 0 0 23
Gastrointestinal (vomiting) 10 1 0 0 0 11
Musculoskeletal (other) 18 1 0 0 0 19
Pain (headache) 36 15 0 0 0 51
Pain (other) 27 5 1 0 0 33
Pain (tumor pain) 13 12 3 1 0 29
Pulmonary (voice changes) 11 0 0 0 0 11
Subtotal (common AEs >2%) 259 64 15 1 0 339
Total (all AEs¼ 100%) 371 85 20 1 0 477

There were a total of 477 protocol AEs (371 [78%] grade 1; 85 [18%] grade 2; 20 [4%] grade 3; 1 grade 4 [0.2%]; and no grade 5 treatment-
related deaths) that were considered possibly, probably, and definitely related to fosbretabulin. Clinically significant and more common
(occurring �2% of total) AEs are tabulated above.

aAt study closure analysis of QTc, data were undertaken with NCI Common Terminology Criteria for Adverse Events (CTCAE, version
3.0), which is more precise (32). Treatment was delayed in four patients because of QTc interval prolongation (see Treatment course section
for details). These four patients received 27 cycles of therapy and had four episodes of QTc interval prolongation in excess of 450 milliseconds
that delayed therapy, including one instance >500 milliseconds. When cumulative QTc prolongation in these four patients is graded
according to CTCAE version 3.0 criteria, there were 11 episodes of grade 1 toxicity, 11 grade 2, and 2 grade 3 toxicity.

AE, adverse event.
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in as little as a week in extreme cases (4). Median survival was
4.7 months, with 34% and 23% of patients surviving at 6 and 12
months, respectively. This compares favorably with a median
survival of 12 weeks for patients captured in the Surveillance,
Epidemiology, and End Results (SEER) database (1), particu-
larly because survival is measured from time of diagnosis
in the comparator versus from the time of first treatment with
fosbretabulin in this study. The findings are comparable to
those in a report on 96-hour infusion of paclitaxel in 20 pa-
tients, where median survival was 25 weeks and approxima-
tely 30% of patients survived a year (12).

It is interesting to briefly comment on the clinical features
of the patients treated in our study when compared to the
recently reported results from the SEER database and other
studies. We observed a median age of 59 years, 38% were fe-
male, 73% had metastatic disease, and median survival was 4.7
months or 1-year mortality rate of 77% (with 92% having re-
ceived some form of therapy before treatment with single-
agent fosbretabulin in our trial) versus mean age 71 years, 67%
female, 43% metastatic disease, and 3 months median survival
or 81% 1-year cause-specific mortality rate, respectively, re-
ported in the SEER database from 1973 to 2000 (1). The largest
single-center, identical treatment experience has also been re-
cently reported. In this study, 30 patients between 1990 and
2000 were treated with a combined modality approach in-
cluding hyperfractionated radiation (35). In this study, the
median age was 59 years, 60% female, 20% metastatic disease,
and 10 months median survival or 54% 1-year mortality rate.
Clearly, survival was most impacted by the presence of met-
astatic disease in this study. Our results, while not immediately
extrapolated to either the SEER or this later report, because
nearly all patients had prior treatment and the majority had

metastatic disease, 23% of patients survived a year. Ad-
ditionally, given our observations, the natural history of this
disease affecting younger patients may be emerging (35). Most
importantly, it is feasible to conduct clinical trials in a reason-
able time period for this rare and highly lethal disease.

Fosbretabulin was well tolerated, and the safety profile
is consistent with other published observations (17–19,36).
Fosbretabulin was devoid of traditional cytotoxic side effects,
especially myelosuppression. Adverse effects typical of anti-
angiogenic agents, such as proteinuria, hemorrhage, and
chronic hypertension, were not observed. Adverse effects
typical of tubulin depolymerizing agents, such as peripheral
neuropathy, were also not observed. This may be due to
CA4’s short half-life, approximately 4 hours, and reversible
binding to its targets, tubulin and VE-cadherin.

Cardiovascular adverse effects consisting of transient hy-
pertension, within 3 hours postinfusion, and cardiac ischemia
have previously been reported in clinical trials with fos-
bretabulin (37,38). In this study, transient hypertension was
observed in one patient. There were no episodes of chest pain
or cardiac ischemia, which suggests that the entry criteria of
normal ECG and echocardiogram were appropriate. Recent
investigations in rodents demonstrate that transient hyper-
tension and cardiac strain are due to slight vasospasm, con-
trollable with nitrates or calcium channel blockers (39). These
classes of medications have been used successfully for man-
agement and prevention of transient hypertension in other
clinical trials (40).

QTc prolongation has also been reported in prior clinical
trials with fosbretabulin (17–19). The ATC patients in the study
are at risk for several factors known to prolong QTc, including
hypothyroidism, hypocalcemia, and hypokalemia (secondary
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FIG. 1. Kaplan–Meier estimation of overall survival with
95% confidence interval. The median survival time was 4.7
months with 95% CI 2.5–6.4 months.

Table 3. Summary of Clinical Features of Three Longest-Term Survivors

Case nos. Site Age (years), sex Stage (metastatic sites) Prior therapy No. of cycles EFS (months) OS (months)

9 Cleveland 65, M T4N0M1 (lung) Surgery 19 20 37.9
18 Detroit 60, F T4NxM1 (lung) SurgeryþdoxþXRT 8.67 8.8 24.4þ
21 Cleveland 53, F T4N0M1 (lung) Surgery 4 3.1 15.9

M, male; F, female; dox, doxorubicin; XRT, radiation; EFS, event-free survival; OS, overall survival.
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to renal effects of cisplatin). Nonetheless, we encountered QTc
interval prolongation in only 4 (15%) patients that was readily
manageable in all but one. There was no evidence of any
ventricular ectopy or arrhythmias throughout the course of the
study. Vigilant electrolyte replenishment, particularly with
potassium and magnesium, achieving high normal serum
levels with outpatient oral regimens before days of therapy
with fosbretabulin is particularly helpful in patient manage-
ment. In our phase I trial, we observed a statistically significant
but clinically insignificant (defined as QTc interval prolonga-
tion of 500 milliseconds or greater) increase in QTc interval of
27.2 and 30.8 milliseconds at 3- and 4-hour postinfusion, re-
spectively (17,36). At the same time, we also observed a sta-
tistically significant increase in heart rate also at the 3- and
4-hour postinfusion time points of 13.2 and 15.1 beats per
minute, respectively (36). This increase in heart rate may for-
tuitously afford protection against proarrhythmia effects as-
sociated with prolongation of ventricular repolarization.

With the clinical development of several drugs that target
endothelial cell survival mechanisms (e.g., SU5416 and bev-
acizumab) (41–45) and tumor vasculature (e.g., fosbretabulin)
(17), our group hypothesized that drug-induced damage and=
or apoptosis of vascular endothelial cells would be associated
with release of endothelial cell-specific markers such as sI-
CAM. In this study, we did not observe any change in sICAM
levels from baseline to 1 and 24 hours postinfusion. Reasons
for this are unclear, but this could be a function of the higher
dose (60–90 mg=m2) in the phase I trial versus the 45 mg=m2

used in the current study. The time points for sample collec-
tion, collection methods, and analytic methods were identical
in the two studies. It remains unclear whether the drug-
induced acute increase in markers of endothelial damage was
due to tumor endothelium density, type of endothelial dam-
age, rates of release from cells, and=or clearance after drug
exposure in our initial study. These data did suggest that
acute endothelial damage and=or apoptosis may be reflected
in sICAM levels. In any event, the opportunity was afforded
by our phase II study to correlate baseline sICAM levels with
clinical outcomes.

Theoretically, baseline sICAM level(s) could be used to
identify a population that would be responsive to treatment.
Our observation that low baseline sICAM serum levels corre-
late with improved EFS is important and builds on other
studies. In our SU5416 breast cancer trial, only sICAM levels
correlated with EFS with higher sICAM levels associated with
shorter EFS as well (43). These studies provided the framework
to further explore baseline endothelial markers in the recently
reported large randomized phase III trial by the Eastern
Cooperative Oncology Group of combination carboplatin=
paclitaxel with or without bevacizumab in nonsmall cell lung
cancer. This study confirmed that the addition of an anti-
angiogenesis agent improved survival for patients with non-
small cell lung cancer (46). These investigators observed that
low sICAM levels were both prognostic and predictive of
clinical outcomes; in essence, low sICAM levels may guide the
selection of an antiangiogenic or VDA for a chemotherapeutic
regimen (47).

There is preclinical data that fosbretabulin improves out-
come when combined with carboplatin and paclitaxel (30).
Early phase I trials of combination paclitaxel, carboplatin, and
fosbretabulin have been completed and borne out these ob-
servations. These studies substantiate feasibility, safety, and

encouraging clinical activity especially in patients with ovar-
ian cancer (20,21,40). These results, in addition to observa-
tions from this study, provide a strong rationale to pursue
combination fosbretabulin with this doublet in patients with
advanced ATC, which is currently being investigated in an
international phase II=III clinical trial. (Protocol OXC4T4-302
under Oxigene sponsorship. The Clinical Trials.gov identifier
is NCT00507429.)

In summary, ATC patients treated with fosbretabulin
monotherapy had a median survival of 4.7 months, which is
comparable to that observed for 96-hour infusions of pacli-
taxel (12), considered one of the most active single agents for
ATC. Although we were unable to demonstrate significant
change in the natural history of ATC, one-third of patients
survived more than 6 months, which is encouraging. Despite
a small sample size, low baseline sICAM levels were predic-
tive of EFS. Further prospective validation of sICAM as a
therapeutic biomarker and further exploration of combination
regimens with fosbretabulin are warranted.
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