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Purpose—This multi-institutional phase II trial assessed the activity and tolerability of the anti-

metastatic A6 peptide that binds CD44 in patients with persistent or recurrent epithelial ovarian, 

fallopian tube, or primary peritoneal carcinoma (EOC/FTC/PPC).

Patients and Methods—Women with persistent or recurrent EOC/FTC/PPC were eligible for 

participation if they had measurable disease defined by RECIST criteria, good performance status, 

and good overall organ function. Patients must have received one prior platinum-based 

chemotherapeutic regimen and were allowed to have received one additional cytotoxic regimen 

for the management of recurrent or persistent disease. Women received a 150 mg twice daily 

subcutaneous dose of A6 and continued on treatment until disease progression or unacceptable 

toxicity. Primary measures of clinical efficacy were objective tumor response and progression-free 

survival (PFS) at 6 months. The association of CD44 in archival tissue specimens with clinical 

outcome was investigated.

Results—Thirty-one eligible patients were evaluated. No responses were observed. Two patients 

(6.5%) were progression free for at least 6 months. The median PFS was 2.0 months, and median 

overall survival has not yet been reached. One patient died of hemorrhage which was possibly 

study related. There were no grade 4 toxicities. The most common grade 3 toxicities were 

constitutional (2/31; 6.5%). Archival specimens were available for 27 patients, and 5 (18.5%) 

were CD44 positive by immunohistochemistry. CD44 expression was not associated with the 6-

month PFS (p=0.342).

Conclusion—A6 was well tolerated but had minimal activity in patients with persistent or 

recurrent EOC/FTC/PPC.

INTRODUCTION

Ovarian cancer is the fifth leading cause of cancer related death in women in the United 

States [1]. The majority of those with advanced stage disease will recur and virtually all of 

those will die of their disease. Front-line chemotherapy with a platinum and taxane is 

standard, but a wide variety of agents are commonly used for second and subsequent lines of 

chemotherapy. Response to these agents can be predicted by prior response to platinum, 

with response rates in platinum resistant patients being only 10–20%. This has led 

investigators to explore new and novel agents in this patient population.

A6 is an 8 amino-acid peptide derived from single chain urokinase plasminogen activator 

(scuPA), with the following sequence: Acetyl-Lys-Pro-Ser-Ser-Pro-Pro-Glu-Glu-NH2. The 

molecular formula is C39H62N10O15, with a molecular weight of approximately 911. A6 

has been manufactured as the acetate salt. The finished drug product is a sterile aqueous 

solution in phosphate buffer (pH 5.5) in pre-filled syringes, each intended to deliver 150 mg 

of A6. A6 Injection contains 100 mg/mL of A6 as free peptide. A dose of 150 mg is 

therefore delivered subcutaneously in a volume of 1.5 mL.

Preclinical studies have shown that A6 has anti-angiogenic, anti-migratory, anti-invasive, 

and anti-metastatic properties, but is not anti-proliferative [2,3]. Å6 prevents the soluble 

complex of scuPA and soluble uPAR from activating plasminogen and thereby from 

mediating clot lysis [2]. Even a brief exposure to A6 produces paralysis of some types of 

ovarian cancer cells and prevents their migration in response to chemotactic signals. There is 
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substantial heterogeneity among different human ovarian cancer cell lines in their sensitivity 

to this paralytic effect, but in susceptible lines that effect is observed at nanomolar 

concentrations. In vitro biological effects of A6 have generally been observed at 

concentrations in the micromolar range. A6 is active in a model of basic fibroblast growth 

factor (bFGF)-induced angiogenesis in a 7-day-old chick chorioallantoic membrane (CAM) 

model. A6 binds to and activates signaling from CD44, a stem cell marker commonly 

expressed in ovarian cancers [4]. A6 inhibits the invasion of several human (PC-3, MDA-

MB-231) and non-human (3LL, Mat B-III) tumor cell lines through Matrigel™. Inhibitions 

of 75% at an A6 concentration of 50 micromolar were typically seen, without any in vitro 

cytotoxicity at concentrations up to 100 micromolar. Results from anti-tumor experiments in 

animals show that in addition to inhibiting major vessel formation, A6 also inhibits 

branching morphogenesis. In vivo results have shown that A6 has therapeutic activity in 

models of prostate cancer [5], glioblastoma multiforme (with cisplatin) [6], and breast 

cancer (with or without tamoxifen) [3]. In animal models, increased tumor necrosis is 

observed, probably due to increased apoptosis [3]. A6 has substantial anti-metastatic activity 

in the B16 lung metastasis model where it was found to reduce the number of metastases by 

50% [4].

CD44 is a heavily glycosylated membrane protein important for cell-cell and cell-matrix 

adhesions [10]. The amino acid sequence of A6 exhibits homology to a linear sequence of 

the HA-binding domain of CD44 [11]. Recent studies have demonstrated that A6 binds to 

and activates CD44 on ovarian carcinoma cells, and that the anti-migratory activity of A6 

correlated with CD44 expression suggesting that this activity may be due to modulation of 

CD44-dependent activities [4]. The ability of A6 to reduce the binding of an anti-CD44 

antibody suggests that it alters CD44 structure. The changes produced by A6 represent an 

activation of CD44 as A6 increased cell adhesion to the CD44 ligand hyaluronic acid but 

only in CD44-positive cells. Relevant to its effect on migration, A6 elevates the activity of 

focal adhesion kinase (FAK) as reflected by phosphorylation at Y397, Y576/577 and Y925) 

but only in A6-responsive cell lines. FAK has a major role in reorganizing the cytoskeleton 

[12]. It is activated by auto-phosphorylation in response to integrin clustering [13, 14] 

following which it binds Src with high affinity at a single site on the cytoplasmic domain of 

CD44. This results in the subsequent Ras-dependent activation of the MAP kinase cascade, 

including MEK phosphorylation [15]. Similar to the effect of hyaluronic acid, the natural 

ligand for CD44, A6 produced not only phosphorylation of FAK but also activation of MEK 

[4]. This study was therefore undertaken in order to determine the activity of A6 in patients 

with recurrent epithelial ovarian, fallopian tube, or primary peritoneal carcinoma and to 

compare that activity to CD44 expression.

PATIENTS AND METHODS

Patients and Treatment

Eligibility—Eligible patients had a diagnosis of epithelial ovarian, fallopian tube, or 

primary peritoneal carcinoma. Histological documentation of the original primary tumor was 

required via the pathology report. Tumors were not screened for CD44 expression before 

enrollment. Patients were required to have measurable disease as defined by Response 

Gold et al. Page 3

Gynecol Oncol. Author manuscript; available in PMC 2015 March 23.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Evaluation Criteria in Solid Tumors (RECIST). Eligible patients must have received one 

prior platinum-based chemotherapeutic regimen for the management of their primary 

disease, including high-dose therapy, consolidation, non-cytotoxic agents, or extended 

therapy administered after surgical or non-surgical assessment. They were allowed to have 

received, but were not required to have received, one additional cytotoxic regimen for the 

management of persistent or recurrent disease. They were not permitted to have received 

any non-cytotoxic therapy for the management of persistent or recurrent disease. Patients 

who had received only one prior cytotoxic regimen must have had a platinum-free interval 

of less than 12 months, including those patients who progressed during or had persistent 

disease after platinum-based therapy. Patients who had received only one prior cytotoxic 

regimen were allowed to have a GOG performance status of 0 to 2, while those who had 

received two prior cytotoxic regimens were required to have a GOG performance status of 0 

or 1. Patients were required to have adequate bone marrow (absolute neutrophil count ≥ 

1,500/mcl, platelet count ≥ 100,000/mcl), renal (serum creatinine ≤ 1.5 × the upper limit 

normal), and hepatic function (total bilirubin ≤ 1.5 × the upper limit of normal, 

transaminases and alkaline phosphatase ≤ 2.5 × the upper limit of normal).

Patients provided written informed consent consistent with federal, state, and local 

institutional requirements. The protocol was also approved by the institutional review board 

at each participating GOG institution and performed in accordance with assurances filed 

with and approved by the Department of Health and Human Services.

Treatment plan—A6 (Angstrom Pharmaceuticals, Inc, San Diego, California) was self 

administered as a 300 mg daily dose consisting of two subcutaneous injections of 150 mg 

each. A cycle equaled 28 days. A6 was to be continued until progressive disease or adverse 

effects prohibited further therapy with this agent.

Toxicity was graded using the National Cancer Institute Common Toxicity Criteria version 

3.0. From prior experience with A6 [8, 9], no significant toxicity was anticipated, so there 

were no allowable dose reductions. Patients experiencing persistent grade 3 (or greater) 

nausea, emesis, diarrhea, or constipation in spite of optimal medical management required a 

delay in subsequent therapy for a maximum of 2 weeks until recovered to grade 1. Similarly, 

patients experiencing non-hematologic toxicities with an impact on organ function of grade 

2 (or greater) required a delay in subsequent therapy for a maximum of 2 weeks until 

recovered to grade 1, or pre-therapy baseline. Treatment delays of more than 2 weeks 

required removal from protocol treatment.

Response assessment—Patients were evaluated clinically every 4 weeks and 

radiologically every 8 weeks. The same evaluation modality was used throughout for each 

patient on study. Response criteria used were as defined by RECIST.

Translational Methodologies—If the patient agreed to participate in the translational 

portion of the study, archived formalin-fixed, paraffin-embedded tissue was obtained from 

the primary tumor in order to examine immunohistochemical (IHC) expression of CD44.
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Statistical Methods—A6 was expected to be primarily cytostatic, but since a cytotoxic 

effect could not be excluded, the primary endpoint of this study included both progression-

free survival at 6 months and objective tumor response. Time at risk was assessed from the 

date of study registration and included all eligible patients who received the drug. 

Progression-free survival (PFS) was defined as the period from study entry until disease 

progression, death or date of last contact and Overall survival (Survival) from entry until 

death or the date of last contact. The null hypothesis relating to uninteresting levels of 

activity was determined from an analysis of a historical GOG dataset based on a similar 

population of patients where the levels of activity were believed to be inactive to modestly 

active. The null hypothesis jointly specified the probability of a patient experiencing a tumor 

response to ≤10% and the probability of a patient being alive and progression free at 6 

months to ≤15%. Increases to 25% for tumor response and to 35% for 6-month PFS were 

considered clinically significant. The two-stage, bivariate, flexible method of Sill and 

Yothers [7] was used with a goal of limiting patient exposure to inactive agents while 

restricting the probabilities of type I and type II errors to about 10%. If the regimen were to 

demonstrate sufficient activity in the first stage (with 31 patients, this required >3 objective 

tumor responses or >6 patients with PFS≥6 months), then the study would have targeted a 

total of 53 patients (cumulatively) in stage 2. Overall survival and progression-free survival 

were characterized with Kaplan-Meier plots and estimates of the median time until death or 

progression. Two-sided exact (Clopper-Pearson) 90% confidence intervals were calculated 

for 6-month PFS and tumor response. To assess the potential relationship between CD44 

expression and clinical outcome, Fisher’s Exact Test was performed.

RESULTS

Patients and Eligibility

Thirty-one patients were enrolled onto the trial. All patients were both eligible and 

evaluable. Patient characteristics are listed in Table 1. All had a GOG performance status of 

either 0 or 1. Twenty-six patients had ovarian cancer, two fallopian tube cancer, and three 

primary peritoneal cancer. Serous carcinoma was the most common cell type (24/31; 

77.4%). Fifteen patients had received only one prior chemotherapeutic regimen while 

sixteen patients had received two. Twenty patients were considered to have platinum-

resistant disease (platinum-free interval < 6 months), whereas the platinum-free interval was 

between 6- 12 months in 4 patients and greater than 12 months in 7 patients (of whom, six 

patients were considered to be secondarily platinum resistant). All patients had previously 

undergone surgery for their cancer and none had received radiation therapy nor 

immunotherapy.

Treatment Response

Patients received a median of two cycles (range one to 14). There were no objective 

responses (either complete or partial) (90% confidence interval [CI]: 0%, 9.2%). Two 

patients (6.5%) achieved PFS > 6 months (90% CI: 1.2%, 18.9%). The median PFS for the 

whole group was 2.0 months (first and third quartiles, 1.8 and 3.5 months, respectively). The 

median overall survival has not yet been reached (Figure 1).
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Toxicity

There were 2 deaths on study. One occurred after only 2 days of treatment and was 

determined to be due to disease progression. The other occurred during the first cycle of 

treatment in a woman receiving anticoagulation treatment for deep vein thrombosis and was 

due to hemorrhage which was felt to be possibly drug- related. There were no grade 4 

toxicities. The most common grade 3 toxicities were constitutional (2/31; 6.5%) (Table 2).

Translational Endpoints

A total of 27 patients agreed to participate in the translational portion of the study and had 

available archived formalin-fixed, paraffin-embedded tissue from the primary tumor for 

analysis of immunohistochemical (IHC) expression of CD44. Five patients (18.5%) were 

positive for CD44 expression. Of the two patients achieving progression free survival ≥ six 

months, one was positive and one was negative for CD44 expression (p=0.342).

DISCUSSION

In a phase I trial [8], A6 was administered to 16 patients at doses escalating from 150 mg 

daily for 14 consecutive days every 29 days to 300 mg daily without interruption. Five 

patients had stable tumor measurements for at least 4 cycles, one of whom stayed on study 

for 12 months. One patient had a confirmed CA-125 response (decrease in CA-125 of > 

50%) with stable disease on CT scan after 14 cycles. A phase II randomized double blind, 

placebo controlled trial of A6 in patients with asymptomatic CA-125 progression of 

epithelial ovarian cancer was then conducted [9], in which 24 patients were accrued, 

randomized, treated, and followed for up to 9 months. Despite early study termination due to 

slow accrual and small sample size, A6 therapy was associated with a statistically significant 

progression-free survival (PFS) (log rank p value = 0.01) with a median PFS of 100 days 

(95% CI 64,168) compared to 49 days (95% CI 29,67) in patients who received the placebo. 

The results of the current multi-institutional study of A6 for recurrent or persistent ovarian, 

peritoneal, and fallopian tube carcinoma do not confirm these results. Minimal activity was 

demonstrated, and the second phase of accrual was not opened. The current population, by 

design, had established, recurrent, measurable disease by RECIST criteria, which differs 

significantly from the population studied in the phase II trial who, by definition, had no 

evidence of disease on imaging. If, as previously noted [2..3], A6 inhibits formation of 

tumor metastases rather than acting as an anti proliferative agent, the population included in 

this current study may not have allowed for detection of A6 activity

CD44 expression has been reported in 23–100% of specimens of ovarian adenocarcinoma 

[16–24]. Serous ovarian adenocarcinoma is the predominant histology studied, however a 

single report documents expression in 86% of clear cell ovarian cancers studied [25]. The 

18.5% CD44 expression in the current study is unexpectedly low, but not statistically 

different from the lower limit of reported expression [24], and limits evaluation of the utility 

of CD44 as a predictive marker for A6 activity.

Only 27 patients who agreed to participate in the translational portion of the study had 

available archived formalin-fixed, paraffin-embedded tissue from the primary tumor for 
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analysis of immunohistochemical (IHC) expression of CD44. Five patients (18.5%) were 

positive for CD44 expression, and one of the two patients achieving progression free 

survival ≥ six months was positive for CD44 expression. This was, unfortunately, too few to 

comment on the utility of CD44 as a predictive marker for A6 activity.

Previous studies [8, 9] of A6 have demonstrated it to be well tolerated, with the only serious 

drug-related adverse events being transient nausea and dyspnea, which were considered 

possibly drug related. No dose-limiting toxicity was seen. Other A6-related toxicities were 

limited to grades 1 and 2 adverse effects including local injection site reactions. In this 

present study, two deaths occurred. One occurred after only 2 days of treatment and was 

determined to be due to disease progression. The other occurred during the first cycle of 

treatment in a woman receiving anticoagulation treatment for deep vein thrombosis and was 

due to hemorrhage which was felt to be possibly drug- related. No effect on parameters of 

coagulation, including prothrombin time, partial thromboplastin time, D-dimer, and fibrin 

split products, have previously been reported [8]. Because A6 prevents the activation of 

plasminogen, thereby inhibiting clot lysis [2], it should not be expected to increase the risk 

of bleeding. Never-the-less, it should be used with caution in patients receiving anti-

coagulation until further experience with the combination is obtained.

A6 at the studied dose and schedule was not effective in the treatment of patients with 

recurrent or persistent ovarian, peritoneal, or fallopian tube carcinomas.

RESEARCH HIGHLIGHTS

• A6 demonstrated minimal activity in this study of recurrent or persistent 

epithelial ovarian, primary peritoneal, and fallopian tube carcinoma patients.

• We were unable to associate CD44 expression with progression free survival at 

six months.
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Figure 1. 
Plot of the Kaplan-Meier estimates of overall and progression free survival.
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Table 1

Patient Characteristics

Characteristic
Number of

Cases %

Age

      40–49 1 3.2

      50–59 11 35.5

      60–69 17 54.8

      70–79 2 6.5

Race

      African American 2 6.5

      White 29 93.5

Performance Status

      0 22 71.0

      1 9 29.0

Site of Disease

      Ovary 26 83.9

      Fallopian tube 2 6.5

      Primary peritoneal 3 9.7

Cell Type

      Clear Cell Carcinoma 2 6.5

      Endometrioid Adenocarcinoma 2 6.5

      Unclassified Carcinoma 1 3.2

      Mixed Epithelial Carcinoma 2 6.5

      Serous Adenocarcinoma 24 77.4

Grade

      1 4 12.9

      2 3 9.7

      3 24 77.4

Prior Chemotherapy

      1 Regimen 15 48.4

      2 Regimens 16 51.6
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