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Abstract

Purpose—Treatment options are limited for advanced pancreatic cancer progressive after
gemcitabine therapy. The vascular endothelial growth factor (VEGF) pathway is biologically
important in pancreatic cancer, and docetaxel has modest anti-tumor activity. We evaluated the
role of the anti-VEGF antibody bevacizumab as second-line treatment for patients with metastatic
pancreatic cancer.

Design—~Patients with metastatic adenocarcinoma of the pancreas who had progressive disease
on a gemcitabine-containing regimen were randomized to receive bevacizumab alone or
bevacizumab in combination with docetaxel.

Results—Thirty-two patients were enrolled; 16 to bevacizumab alone (Arm A) and 16 to
bevacizumab plus docetaxel (Arm B). Toxicities were greater in Arm B with the most common
grade 3/4 nonhematologic toxicities including fatigue, diarrhea, dehydration and anorexia. No
confirmed objective responses were observed. At 4 months, 2/16 patients in Arm A and 3/16 in
Arm B were free from progression. The study was stopped according to the early stopping rule for
futility. Median PFS and OS were 43 days and 165 days in Arm A and 48 days and 125 days in
Arm B. Elevated D-dimer levels and thrombin-antithrombin complexes were associated with
decreased survival and increased toxicity.

Conclusion—Bevacizumab with or without docetaxel does not have antitumor activity in
gemcitabine-refractory metastatic pancreatic cancer. Baseline and on-treatment D-dimer and
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thrombin-antithrombin complex levels are associated with increased toxicity and decreased

survival.

INTRODUCTION

Pancreatic cancer is the fourth leading cause of cancer death in the United States, with over
37,000 new cases in 2008, and a nearly equal number of deaths. The current standard initial
therapy for metastatic pancreatic adenocarcinoma is gemcitabine-based [1,2]. However,
median survival remains approximately 6 months. Prospective studies of chemotherapy in
patients who remained eligible for second-line therapy revealed low objective response rates
and poor survival [3-6].

Vascular endothelial growth factor (VEGF) is produced by multiple cancers in an autocrine
fashion to promote tumor neovascularization and directly stimulate tumor cells [7]. When
compared to normal pancreas, human pancreatic cancers demonstrate increased expression
of VEGF and its receptors [8]. Frequently, these angiogenic molecules are associated with
increased microvessel density and upregulation of tissue factor [9,10], a 47-kDa
transmembrane protein that is the principal trigger of the intrinsic coagulation cascade [10].
Activation of the coagulation system in pancreatic cancer through tissue factor may
contribute not only to clinical thrombosis but also to tumor progression and chemotherapy
resistance, mediated by activated thrombin leading to endothelial cell proliferation [11,12].

Bone marrow-derived cells containing endothelial-specific antigens (circulating endothelial
cells, or CEC) have been identified and characterized in the blood of patients with
malignancy and may be a surrogate marker of angiogenesis [13]. Drugs targeting the VEGF
pathway have been shown to work synergistically with paclitaxel to ameliorate a
chemotherapy-induced surge of CEC [14]. We sought to determine if bevacizumab alone or
in combination with docetaxel would effect the levels of CEC and proangiogenic growth
factors such as VEGF, bFGF [15], tissue factor [10] and angiogenic coagulation factors [11].

In colorectal, lung and breast cancer, the combination of the anti-VEGF antibody
bevacizumab with chemotherapy results in improved clinical outcome with non-overlapping
toxicities [16—19]. Given the modest activity of docetaxel in pancreatic cancer [20] and the
potential for exploiting angiogenic inhibition for therapeutic gain, we conducted this
randomized phase Il trial of bevacizumab with or without docetaxel for patients with
gemcitabine-refractory metastatic pancreatic cancer. The primary objective was to assess
progression-free survival, with evaluation of toxicity, coagulation, and angiogenic
biomarkers as secondary objectives. Given the potential interaction of VEGF and
coagulation markers on toxicities of bevacizumab therapy, we hypothesized that these
markers would correlate with patient toxicity in this trial and evaluated this as an
exploratory objective.

PATIENTS AND METHODS

Patients

Eligible patients had measurable, metastatic pancreatic adenocarcinoma which had
progressed on one prior gemcitabine-containing regimen completed at least 4 weeks prior to
enrollment. Patients who received gemcitabine as a component of adjuvant therapy and
recurred within 6 months were eligible in the absence of other treatment for metastatic
disease. Other eligibility criteria included: ECOG performance status of 0-1, adequate bone
marrow (granulocytes >1,500/uL, leukocytes >3,000/uL, platelets >100,000/uL,
hemoglobin >9 g/dL), renal (creatinine <2 mg/dL), and hepatic function (hormal total
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bilirubin and transaminases <1.5x the upper limit of normal), and urine protein:creatinine
(UPC) ratio <1.0.

Exclusion criteria included pregnancy or lactation, clinically significant cardiovascular
disease (e.g., blood pressure of >160/110 mmHg on medication, previous myocardial
infarction within 6 months, unstable angina), New York Heart Association (NYHA) Grade
Il or greater congestive heart failure, ventricular dysrhythmia requiring medication,
clinically significant peripheral vascular disease, history of transient ischemic attack or
cerebrovascular accident (stroke) within 6 months, or any brain metastases. Patients with
prior history of a bleeding diathesis or coagulopathy were ineligible, but those on
therapeutic anticoagulation were eligible. While the protocol initially excluded patients on
therapeutic anticoagulation, expanding experience with bevacizumab demonstrated safety
with therapeutic anticoagulation and this became standard in bevacizumab trials during this
study’s conduct. All patients provided written informed consent according to federal and
institutional guidelines and the study was approved by the Institutional Review Board at Fox
Chase Cancer Center.

Drug Administration and Study Design

The study was conducted at Fox Chase Cancer Center between October, 2004 and
December, 2006. Patients were randomly assigned in a 1:1 fashion to two concurrent
cohorts. Those assigned to bevacizumab alone (Arm A) received bevacizumab at a dose of
10 mg/kg by intravenous infusion over 30-90 minutes once every 2 weeks. Patients assigned
to receive bevacizumab plus docetaxel (Arm B) received bevacizumab as in Arm A with
weekly docetaxel at a dose of 35 mg/m? given intravenously over 1 hour on days 1, 8, and
15 of each 28 day cycle. Patients receiving docetaxel were given 8 mg of dexamethasone the
night before treatment, within one hour of therapy, and 12 hours after each weekly docetaxel
dose.

Cycle length was 28 days. CT scans of the chest, abdomen, and pelvis were performed at
baseline and after every 2 cycles of therapy and response evaluated by RECIST criteria [21].
Study treatment continued until evidence of disease progression, unacceptable toxicity, or
patient preference.

Dose Adjustments—Toxicity was graded according to NCI Common Terminology
Criteria for Adverse Events (CTCAE) v.3.0 (http://ctep.cancer.gov/reporting/ctc.html). The
dose of docetaxel was held for ANC <1,000/mm3 or platelet count <75,000/mm?3 until
recovery. For febrile neutropenia or grade 4 thrombocytopenia, subsequent doses of
docetaxel were reduced by 25%. For grade 3/4 non-hematologic toxicity attributable to
docetaxel, the dose of docetaxel was held until recovery to < grade 2 and restarted with a
25% dose-reduction. Bevacizumab was initially held for >500 mg protein/24 hour when the
study began. With expanding safety experience with bevacizumab, this was amended during
the study to hold bevacizumab for UPC ratio >3.5 or grade 2/3 hypertension and restart with
a decrease to 5 mg/kg upon resolution. Bevacizumab was also held for development of
DVT/PE and restarted at a dose of 5 mg/kg upon establishment of stable anticoagulation.
Bevacizumab was permanently discontinued for development of bowel perforation or
arterial thromboembolic event.

Correlative Studies

Coagulation Markers—Ten ml of peripheral blood were obtained on days 1, 15, 29, and
43 for evaluation of coagulation markers. D-dimer plasma concentrations were measured
with the STA Liatest D-Di on the STAR coagulation analyzer. Serum thrombin-
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antithrombin levels, prothrombin fragment 1+ 2, tissue factor antigen and fibrinogen
determination followed standard commercial procedures in the clinical laboratory.

VEGF and bFGF plasma levels—Eight ml of peripheral blood were obtained on days 1,
15, 29, 43, and upon removal from study for evaluation of VEGF and bFGF plasma levels.
The 8 ml blood sample was collected into yellow top vacutainer tubes containing acid citrate
dextrose, centrifuged and plasma aliquoted and stored at —70°C. Enzyme-linked
immunosorbent assay (ELISA) was used to determine plasma VEGF and bFGF levels using
a quantitative sandwich enzyme immunoassay technique (Quantikine® Human VEGF and
bFGF Immunoassay, R&D Systems, Minneapolis, MN) according to the manufacturer
protocol.

Circulating endothelial cells (CEC)—CEC were identified by flow cytometry. 6.5 ml
of whole blood was diluted with PBS and then layered onto Ficoll-Paque for isolation of
peripheral blood mononuclear cells layer by gradient centrifugation. The cells were
incubated with fluorochrome-conjugated antibodies for 30 minutes at 4°C in the dark,
washed in FACS buffer and fixed with 1% paraformaldehyde. Propidium iodide was added
to cells 24 hours later to identify nucleated cells. CEC were characterized as CD45 negative
and CD146 positive. Additional phenotypic evaluation was performed using a panel of
monoclonal antibodies which included anti-CD34, annexin V (apoptosis), CD133, and
VEGFR?2 (anti-KDR).

Statistical Considerations

The primary endpoint for this trial was progression-free survival (PFS), defined as the time
from randomization to progression or death. At the time our study began, the most favorable
reports from second-line pancreatic cancer trials reported median PFS of 3 months. As 2
months would represent our initial disease evaluation, we projected that a proportion of
patients progression-free at 4 months of less than 25% would be of no interest. The study
treatment would be of interest if the proportion of patients progression-free at 4 months was
at least 50%. Twenty-three patients per arm would be needed to test the null hypothesis:
p=<0.25 against the alternative hypothesis: p=0.5 at the 19.3% level of significance and with
95.1% power. The trial employed an early stopping rule for futility. If <3 of the first 16
patients enrolled to each treatment arm were progression-free at 4 months, that treatment
arm would be terminated. Overall (OS) and progression-free survival (PFS) were estimated
by Kaplan-Meier methodology.

Secondary clinical objectives included evaluation of toxicity, response rate, and overall
survival. Secondary laboratory correlative objectives included assessing the relationship of
coagulation markers, circulating endothelial cells, VEGF, and bFGF to clinical outcome. We
investigated the relationship between the correlative biomarkers and clinical outcomes using
regression analysis to find significant covariates. The analysis was conducted in SAS and
Minitab software. A covariate was selected as a significant predictor if its p value from the
mixed model analysis was less than 0.05.

Toxicity Index calculations—Toxicity data for each patient at each cycle were
summarized into a Toxicity Index (TI, range 0-5), computed according to previously
published methodology by our group [22]. We chose to calculate the TI for this study as an
exploratory analysis of the toxicity for a given patient. The TI can be generalized to
accommodate the differential impact of various toxicities by applying relative weights or
appropriate transformations to the CTCAE-graded toxicities before the application of the
algorithm to compute the TI. For example, we considered grade 3 neutropenia, leukopenia,
and anemia non-dose-limiting, and we re-coded these as the observed CTCAE grade minus
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1 (to a minimum of 0 if no toxicity was present). By design, a T1 score greater than or equal
to 3 corresponds to the toxicity grade definition given by CTCAE and the maximum toxicity
grade is the integer part of the final score. For example, a T1 of 3.0 indicates a single grade 3
toxicity, whereas a score of 3.5 indicates that the patient experienced at least one grade 3
toxicity plus additional toxicity. Thus, the TI preserves the highest toxicity grade. All
toxicity grades are taken into account, although lower grades will tend to contribute less to
the final score. Nonetheless, a large number of toxicities of the same grade will generate a
TI score just slightly less than that generated by a single toxicity of the next higher grade.

The Generalized Estimating Equations (GEEs) approach was used to analyze the correlated
TI data. The GEE method employs the quasi-likelihood approach in the model which avoids
the need of a distributional assumption about the response. Autoregressive correlation
matrix structure was used for GEE method. Since most covariates were the measurement of
biomarkers at different time points and highly correlated, univariate analysis was
implemented to find significant covariates in predicting the correlated TI data. The
procedure of GENMOD in SAS was used. The analysis was conducted in SAS and Minitab
software. A covariate was selected as a significant predictor if its p value from the mixed
model analysis was less than 0.05.

Patient Characteristics

Toxicity

Thirty-two patients were enrolled in this phase Il trial; 16 assigned to Arm A (bevacizumab
alone) and 16 to Arm B (bevacizumab plus docetaxel). Patient characteristics are listed in
Table 1. Twenty two patients had liver metastases. The majority had an ECOG PS of 1. A
total of 98 cycles of therapy were delivered: 16 patients in Arm A received 44 cycles of
bevacizumab (median 2, average 2.75 cycles per patient) and 16 patients in arm B received
54 cycles of therapy (median 3, average 3.33 cycles per patient).

Table 2 lists all toxicities by treatment arm and grade regardless of attribution. As expected,
both hematologic and non-hematologic toxicities were more common in Arm B compared to
Arm A. In Arm B, 4/16 (25%) developed grade 3/4 neutropenia necessitating docetaxel dose
adjustment. The most common grade 3/4 non-hematologic toxicities in Arm B included
nausea/vomiting, hypoalbuminemia, and fatigue. Bevacizumab dose adjustment or
discontinuation was performed in 4 patients in each arm [proteinuria (2), hypertension (2),
thrombosis (3), and perforation (1)]. Seven patients in Arm A and eight in Arm B had SAEs,
including 3 episodes of DVT and 2 of PE, one grade 4 gastrointestinal bleeding, and one
bowel perforation. Two patients treated with docetaxel and bevacizumab had cholangitis and
liver abscesses judged as probably related to treatment. As anticipated, development of an
SAE was highly associated with decreased survival, HR=4.14, p=0.001 (Table 3).

To estimate the additive effect of multiple heterogeneous treatment side effects, we used the
toxicity index (TI) which is a number between 0 and 5 taking into account interactions of
multiple toxicities: any score greater than or equal to 3 corresponds to a DLT, and the
maximum toxicity grade is the integer part of the final score. After adjusting for correlated
outcome data and controlling for cycle, the TI for those in treatment Arm A (average 0.89,
range 0—4.78) was lower by 50% (shown as a factor.—0.506, p=0.02, 95% ClI: [-1.11,
—0.10], Table 4) than that for patients in Arm B (average 1.55, range 0-4.95). This indicates
that combination of docetaxel with bevacizumab is an overall more toxic regimen compared
to bevacizumab alone.
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Clinical Outcome

All patients who entered the study have died. The best response on the first evaluation at 2
months was stable disease in 4 patients in Arm A and in 8 patients treated in Arm B. There
were no confirmed responses. At 4 months, only 2/16 patients in Arm A and 3/16 in Arm B
were free from progression. Thus, the study was stopped according to the early stopping rule
for futility. Median PFS and OS were 43 days and 165 days in Arm A and 48 days and 125
days in Arm B (Figures 1A and 1B).

Correlative studies

Coagulation Parameters—All 32 patients had a total of 150 peripheral blood specimens
drawn for coagulation parameters during the first 2 cycles of therapy. A Cox regression
model was used to conduct the univariate analysis to determine significant covariates
associated with overall survival. Elevated D-dimer levels obtained at three timepoints
(C1D1, C2D1, and C2D15) were associated with worse OS with respective hazard ratios of
1.32 (p<0.001), 1.45 (p=0.013) and 1.40 (p=0.006) (Table 3). Elevated thrombin-
antithrombin complex levels on treatment (C1D15 and C2D15) were weakly associated with
decreased survival (Table 3). Other coagulation parameters were not associated with
survival.

Increased pre- and on-treatment D-dimer levels were associated with increased risk for SAE
(not shown, p<0.001, Mann-Whitney test) and high TI (Table 4) (p<0.001, Mann-Whitney
test). Elevated thrombin-antithrombin complex level at one time-point (C3D15) was
associated with increased T (Table 4).

VEGF and circulating endothelial cells—Pre- and on-treatment plasma VEGF levels
were obtained in all 32 patients and ranged from 13.7 to 759 pg/mL (median, 67.7 pg/mL).
There was no relationship between baseline or on-treatment VEGF levels and response to
therapy, PFS, or OS (data not shown). Similarly, there was no clear relationship between
baseline or on-treatment CEC level and clinical outcome. There was a weak relationship
between elevated VEGF and CEC levels on treatment and increased T1 (Table 4).

DISCUSSION

In this randomized Phase Il clinical trial we found that bevacizumab with or without
docetaxel had no significant activity as second-line therapy for patients with metastatic
pancreatic adenocarcinoma. Only 3/16 patients in the docetaxel plus bevacizumab arm and
2/16 in the bevacizumab alone treatment arm were free of progression at 4 months and thus
accrual to the trial was halted per the early stopping rule. Exploratory coagulation studies
suggest that baseline and on-treatment D-dimer and thrombin-antithrombin complex levels
are associated with increased toxicity and decreased survival.

Our findings demonstrating a lack of clinical benefit of bevacizumab in pancreatic cancer
are disappointing, given recent benefit in other diseases including colorectal, lung, and
breast cancer [17-19]. However, they are consistent with the results of Kindler et al. who
reported the results of a large phase 111 trial of gemcitabine with or without bevacizumab
utilizing the same dose (10 mg/kg) that we chose for this trial [23]. The authors reported no
improvement in overall survival with the addition of bevacizumab to gemcitabine in the
front-line setting. Why bevacizumab therapy improves outcome in other malignancies but
not in pancreatic cancer is unclear. One proposed mechanism of bevacizumab therapy is a
normalization of peritumoral blood vessels which allows improved chemotherapy delivery
to the tumor [24]. Chemotherapy regimens result in much higher objective antitumor activity
in colorectal, breast, and lung cancer compared to pancreatic cancer. In colorectal cancer,
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bevacizumab monotherapy does not have clear clinical activity but improves efficacy of
active chemotherapy agents [16]. Thus, one limitation of bevacizumab-based therapy in
pancreatic cancer may be a lack of an effective chemotherapy partner. Additionally, VEGF
depletion in pancreatic adenocarcinoma through bevacizumab may be insufficient to
interfere with tumor angiogenesis and VEGFR signaling due to redundancy in VEGF family
ligands and receptors [25,26]. Since our trial was developed, the combination of 5-FU and
oxaliplatin has been reported to improve PFS and OS compared to 5-FU alone in the second-
line treatment of advanced pancreatic cancer [27]. Whether bevacizumab may potentiate this
chemotherapy combination in a similar manner to colorectal cancer requires future study.

We utilized the toxicity index (T1) to characterize toxicity for this trial. This methodology
has been described previously and represents an effort to give a more global assessment of
the toxicity that each patient is experiencing by accommodating their differential impact
[22]. In a disease such as pancreatic cancer where patients frequently experience multiple
toxicities and disease-related morbidities, the TI may be of higher value in providing a
complete impression of toxicity. As expected, the TI was higher for the combination
compared to the single agent bevacizumab treatment arm. In terms of bevacizumab-related
toxicities, we observed 5 episodes of DVT/PE and one bowel perforation. While our bowel
perforation rate is higher than that reported by Kindler et al. [23,28] and in colorectal cancer
trials [29], this likely reflects our smaller sample size. Our DVT/PE rate was typical for
advanced pancreatic cancer patients and for cancer patients in general receiving
bevacizumab [30].

Deep venous thrombosis is common in pancreatic cancer and has been associated with
decreased response to chemotherapy and shorter PFS and OS [31]. Some evidence suggests
that anticoagulation can improve survival in selected subgroups of patients with advanced
malignancy [32]. We thus hypothesized that plasma coagulation factors would similarly be
associated with worse outcome and increased toxicity. The relationship was strongest for D-
dimer, with elevated levels both at baseline and on treatment associated with inferior
survival and increased toxicity. Our findings with D-dimer parallel several reports on the
prognostic significance of D-dimer on OS in lung cancer [33-35], ovarian cancer [36] and
breast cancer [37]. While the sample size of the current trial is modest. Thrombin/
antithrombin complexes are also a marker of coagulation activation and significantly
elevated in the blood of cancer patients compared to healthy controls [38,39]. The
relationship of elevated TAT levels to increased toxicity and decreased survival was more
modest in our study and confined to specific time points.

The development of a plasma biomarker of bevacizumab effect would be of high clinical
value. We hypothesized at the conception of this trial that plasma CEC and VEGF levels
might predict for clinical outcome from bevacizumab therapy. Nucleated cells containing
endothelial-specific antigens (circulating endothelial cells, or CEC) have been identified and
characterized in the blood of patients with a number of pathologic conditions, including
malignancy [40,41]. However, we found no clear relationship of either marker to clinical
outcome in this cohort of pancreatic cancer patients receiving bevacizumab. Kindler et al.
also found no relationship of circulating VEGF levels to clinical benefit from bevacizumab
in pancreatic cancer [28]. While CEC remain an attractive potential marker of anti-
angiogenic therapy, their use remains investigational.

In conclusion, we observed no evidence of clinical activity of bevacizumab alone or with
docetaxel in pancreatic cancer patients previously treated with gemcitabine. However,
baseline and on-treatment D-dimer and thrombin-antithrombin complex levels are associated
with increased toxicity and decreased survival.
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Figure 1.
Progression-free survival (A) and overall survival (B) for all patients by treatment arm.
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Patient characteristics.

Characteristic ArmA | ArmB
Total 16 16
Age median, years 67 56.5
Average cycles 2.75 3.33
Total cycles 44 50
Male 6 8
Female 10 8
ECOG PS0O 7 5
PS1 9 11
Metastatic disease All16 | All16
Sites of disease
Liver 10 12
Lymph nodes 2 2
Lung 5 4
Peritoneum 4 2
Previous surgery 5 8
Previous chemoradiation 5 8

Abbreviation: ECOG PS, Eastern Cooperative Oncology Group performance status
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Toxicity data by grade (all attributions)

Number of patients
Arm A (n=16) | Arm B (n=16)
Toxicity grade: 1-2 | 3-4 1-2 | 3-4
Non-hematologic
Anorexia 10 0 9 2
Cholangitis 0 2
Dehydration 0 3 1 3
Diarrhea 2 0 8 2
DVT/Pulmonary embolism 0 2/1 0 0/2
Dysgeusia 0 0 3 0
Fatigue 12 1 11 4
Gl bleeding 1 2
Hyperkalemia 2 0 2 2
Hyperuricemia 0 2 0 0
Hypoalbuminemia 9 0 6 4
Hypertension 2 1 1 0
Injection site rxn 0 0 1 1
Nail changes 0 0 3 1
Nausea and vomiting 6 1 5 4
Paresthesias 0 0 3 1
Perforation 0 0 0 1
Peritonitis - 1 - 1
Proteinuria 6 0 1
Watery eyes 0 0 6
Hematologic

Anemia 12 0 13 2
Leukopenia 5 0 5 6
Neutropenia 4 0 3 4
Thrombocytopenia 2 0 3 0
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Univariate analysis of factors predicting overall survival (OS) using Cox regression model.

Table 3

Overall Survival
Variable p-value | Hazard Ratio
SAE 0.001 4.14
Dd-C1D1 <0.0001 1.32
Dd-C2D1 0.013 1.45
Dd-C2D15 0.006 1.40
TAT-C1D15 0.038 1.10
TAT-C2D15 0.002 1.33

Page 14

Abbreviations: SAE, severe adverse event; Dd, D-dimer; TAT, thrombin/antithrombin complex; C1D1 denotes results obtained on day 1 of cycle 1,

respectively.
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