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Abstract

Objective: To explore the relationship between tumor size and response to combined anti-

vascular targeted therapy using the anti-angiogenesis inhibitor, bevacizumab, and the tubulin-

binding vascular disrupting agent, fosbretabulin.

Methods: An exploratory, post-hoc analysis of the randomized phase II trial, Gynecologic 

Oncology Group-0186I, was performed. One hundred and seven patients with recurrent ovarian 

carcinoma, treated with up to 3 prior regimens, were randomized to bevacizumab 15 mg/kg body 

weight with or without intravenous fosbretabulin 60 mg/m2 body surface area every 21 days until 

progression or unacceptable toxicity. The primary analysis favored the combination (HR 0.69; 

95% CI, 0.47–1.00; p=0.049) [Monk BJ, et al J Clin Oncol 2016;34:2279–86]. The Cox 

proportional hazards model was used to estimate the treatment effect in various subpopulations.

Results: With extended follow-up, the median PFS for bevacizumab plus fosbretabulin was 7.6 

months as compared to 4.8 months with bevacizumab alone (HR 0.74; 90% CI, 0.54–1.02). 

Overall survival was similar in the experimental and control arms (25.2 vs 24.4 mos, respectively, 

HR 0.85;90% CI, 0.59–1.22; p=0.461). Eighty-one patients had measurable disease and median 

tumor size was 5.7 cm. In the ≤5.7 cm subgroup, the HR for progression or death was 0.77 (90% 

CI 0.45–1.31). Patients with tumors >5.7cm (n=40) had a HR for progression or death of 0.55; 

90% CI, 0.32–0.96; p=0.075).

Conclusions: Although no significant survival benefit was observed, the trend showing a 

reduced HR for progression or death with increasing tumor size when fosbretabulin is added to 

bevacizumab compared to bevacizumab alone warrants further study.

Keywords

fosbretabulin; vascular disrupting agent; bevacizumab; ovarian cancer

INTRODUCTION

Epithelial ovarian cancer is the most lethal gynecologic cancer among women in the United 

States, with 21,750 new cases and approximately 13,940 deaths due to disease expected to 

occur in 2020.1 The vast majority of patients with advanced disease achieve complete 

clinical remission following cytoreductive surgery and adjuvant platinum-and-taxane based 

systemic chemotherapy. Unfortunately, as a result of acquired drug resistance and lack of 

effective maintenance therapy for the majority of patients, most patients suffer disease 

recurrence. Available therapies in the recurrent setting, even for women with platinum-

sensitive disease, are unlikely to cure patients, with most studies reporting 10-year disease-

specific survival to be less than 10%. Newer, active and tolerable combinations are required.

Vascular endothelial growth factor (VEGF) has emerged as a validated target in advanced 

ovarian carcinoma. The fully humanized monoclonal antibody, bevacizumab, inhibits tumor 

angiogenesis by sequestering the VEGF-A ligand and preventing its interaction with the 

VEGF receptor (VEGFR). Nine phase III randomized trials of anti-angiogenesis therapy 

employing five different drugs and exploiting two distinct pro-angiogenic pathways, have 

met their primary endpoints by significantly improving progression-free survival (PFS) in 
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women with newly diagnosed or recurrent platinum sensitive and platinum resistant ovarian 

carcinoma.2–11 Bevacizumab was studied in five of these trials.3,4,7,8,10 The United States 

Food and Drug Administration approved the combination of chemotherapy plus 

bevacizumab for patients with platinum-resistant and platinum-sensitive ovarian carcinoma 

in 2014 and 2016, respectively. On June 13, 2018 the label for bevacizumab was expanded 

to also include frontline and maintenance therapy for women with newly diagnosed 

advanced disease based on the PFS endpoint from Gynecologic Oncology Group (GOG) 

Protocol 0218. This regulatory milestone needs to be set against a backdrop of no overall 

survival (OS) advantage,12 the absence of a predictive biomarker for bevacizumab use, and 

potential for significant adverse events, including gastrointestinal wall disruption. 

Accordingly, an important clinical research priority is to clarify the role of anti-angiogenesis 

therapy in ovarian cancer.

Unlike bevacizumab and small molecule tyrosine kinase inhibitors that exert their effects 

along the VEGF-dependent axis and prevent neovascularization at the tumor perimeter, 

tubulin-binding vascular disruptive agents (VDAs) such as fosbretabulin target existing 

tumor vasculature.13 Due to lack of pericyte coverage, the tumor blood supply is fragile and 

leaky, requiring tubulin to provide an endoskeleton to ‘shape’ the vasculature. Fosbretabulin 

engages tubulin causing the endothelial cells to assume a spherical conformation.14 This 

leads to blood vessel congestion and occlusion, greatly reduced blood flow, and ultimately 

irreversible ischemia and tumor cell necrosis in the central core due to cessation of blood 

flow.14 When combined with anti-angiogenesis therapy such as bevacizumab, the ongoing 

cellular necrosis within the tumor is accompanied by prevention of vessel regrowth at the 

tumor rim or perimeter.

Nathan et al reported the safety and tolerability of bevacizumab (10 mg/kg) plus 

fosbretabulin (63 mg/m2) every 14 days.14 In the open-label, randomized phase II trial, 

GOG-0186I (NCT01305213), women with recurrent ovarian cancer were treated with 

bevacizumab with and without fosbretabulin.15 As reported in the primary publication, 

treatment with the combination reduced the hazard of progression by 31%.15 We sought to 

study the hypothesis that combined targeted anti-vascular therapy would have its greatest 

impact on bulky disease which is characterized by an existing, relatively dense vascular 

network.

METHODS

Patients eligible for enrollment on GOG-0186I included those 18 years or older with GOG 

performance status of 0 or 1 measurable disease per RECIST 1.1 or detectable persistent or 

recurrent EOC, fallopian tube, or primary peritoneal carcinoma with documented disease 

progression after one prior platinum-based chemotherapeutic regimen and no more than two 

additional cytotoxic regimens for management of recurrent or persistent cancer. Patients 

with either platinum-sensitive (platinum-free interval (PFI) > 182 days) or platinum-resistant 

(PFI ≤ 182 days) disease were eligible.15 Anti-angiogenic therapy was permitted as part of 

primary therapy only. PFS was the primary endpoint. Patients were stratified by presence or 

absence of measurable disease, prior use of bevacizumab, and most recent platinum-free 

interval (> 365 days vs. > 182 days ≤ 365 days, vs. ≤ 182 days). Laboratory parameters 
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required for eligibility can be found in the GOG-0186I master protocol available at 

www.gynecologicvoncology-online.net.

Bevacizumab was administered at 15 mg/kg as a continuous intravenous (IV) infusion once 

every three weeks. Patients randomly assigned to fosbretabulin received 60 mg/m2 IV over 

10 minutes on day 1 of each cycle after bevacizumab. Before fosbretabulin was 

administered, all patients received oral or IV dexamethasone (8 mg) and oral acetaminophen 

(650 mg) one hour before infusion. Details concerning anaphylaxis precautions, 

management of infusion reactions, management of hypertension, and dose modifications can 

be found in the GOG-0186I master protocol

As reported in the original publication, the study enrolled 103 evaluable patients and the first 

intention-to-treat analysis was triggered after observing 88 PFS events. Following a data 

cutoff on March 3, 2014, it was reported that adding fosbretabulin to bevacizumab appeared 

to prolong PFS compared with bevacizumab alone (median PFS 4.8 mos for bevacizumab 

alone vs 7.3 mos for bevacizumab plus fosbretabulin; HR 0.69; two-sided 90% CI, 0.47–

1.00; 1-sided p=0.049).15 Details concerning adverse events, including hypertension (grade 

>3) which was more commonly observed in the combination arm (35% vs 20%), may also 

be found in the primary manuscript.15

With extended follow-up, the database was locked again in February 2017 for these ancillary 

analyses. Interestingly, in GOG-186I, there was a non-significant trend for more patients 

with measurable disease to respond to the combination of bevacizumab plus fosbretabulin. 

Because measurable disease encompasses “bulky tumors” and there is no clear definition of 

what constitutes bulky disease, we examined the hypothesis further by studying tumor size. 

All measurable lesions up to a maximum of two lesions per organ and five lesions in total, 

representative of all involved organs, were identified as target lesions and recorded and 

measured at baseline. RECIST version 1.1 was used to evaluate the clinical endpoints.

To avoid the data to appear highly skewed when tumor size is evaluated as a continuous 

variable, we chose to dichotomize tumor size. Through dichotomization we avoided the 

potential for a few influential cases to overwhelm the analysis and cause misrepresentation 

of the general findings. Furthermore, it is easier to convey the potential impact of a specific 

variable on PFS if the data is aggregated in groups.

The sum of the longest diameter (SLD) at baseline was used to analyze the groups of 

patients above and below the median baseline SLD. PFS and OS were estimated using the 

Kaplan Meier method and a Cox proportional hazards model was used to estimate the effect 

of treatment within each population.16,17

RESULTS

Nearly three years following the initial analysis, 105 PFS events had occurred. For the 

intention-to-treat study population, relative to single-agent bevacizumab, the addition of 

fosbretabulin to bevacizumab was associated with nearly a 3-month improvement in median 

PFS (7.6 vs 4.8 mos; HR 0.74; 90% CI, 0.54–1.02; 2-sided p=0.125, and one-sided p=0.063) 

(primary endpoint, Figure 1A). Following 84 deaths, there was no survival advantage 
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conferred by the combined targeted antivascular regimen relative to bevacizumab alone 

(secondary endpoint, Figure 1B). Table 1 compare the schanges in median PFS and in OS 

between the two treatment arms of GOG-0186I.

Among patients determined to be platinum-sensitive (n=80), the improvement in median 

PFS (8.1 vs 6.2 mos) did not reach statistical significance for the combination regimen 

compared to bevacizumab alone (Figure 2A). However, among the 26 women with 

platinum-resistant relapse, a potential 3.2 month improvement in median PFS was associated 

with administration of bevacizumab plus fosbretabulin (HR 0.49; 90% CI, 0.24–0.98) 

(Figure 2B).

Eighty-one women with measurable disease, as defined by RESIST 1.1 criteria, were studied 

for treatment effect on the PFS endpoint. The incorporation of fosbretabulin with 

bevacizumab reduced the hazard of progression by 40% (9.8 vs 6.1 mos; HR 0.65; 90% CI, 

0.44–0.94; 2-sided p=0.057) (Figure 3A). Treatment with the combination was associated 

with an approximate 6.6 month longer median survival in women with measurable disease, 

but this was not statistically significant (Figure 3B).

The median baseline tumor size for the entire study population was 5.7 cm (n=81, range = 

1–19.3 cm, standard deviation of 4.3, skewness of 0.89). Patients with a maximal tumor size 

less than or equal to the median had a non-significant trend favoring improved PFS with the 

combination regimen (9.1 vs. 6.9 months) (Figure 4A). Those with bulky disease (i.e. 

maximal tumor diameter greater than the median) treated with bevacizumab and 

fosbretabulin experienced a six-month improvement in median PFS (10.5 vs 4.3 mos; HR 

0.55; 90% CI, 0.32–0.96) (Figure 4B). For the smaller tumor sizes, the objective response 

rate was 43% regardless of treatment. For tumors > 5.7 cm, the objective response rate was 

15% for patients treated on the bevacizumab alone arm, and 35% for those treated with the 

combination regimen (Table 2). These observations are consistent with the PFS findings.

Additonal clinical biomarkers were studied to determine whether any associations with 

clinical endpoints were manifest. Regarding cell type, 85% of the population had high grade 

serous tumors and therefore with other histologic types appearing at relatively low 

frequency, the analyses were not informative. Similarly, when considering site of disease, we 

encountered a similar situation with too few numbers when metastases were assigned to the 

vagina, pelvis, abdomen, liver and lung.

DISCUSSION

The current post-hoc analysis suggests that the near 3-month improvement in median PFS 

attributed to the addition of fosbretabulin to anti-angiogenic therapy is sustained over 

extended follow-up in this population of women with recurrent epithelial ovarian carcinoma. 

The effect is particularly striking in the platinum-resistant subpopulation. A precedent for 

the observations observed in GOG-0186I can be found in preclinical studies.

Inglis et al studied the tubulin-targeting VDA, BNC105, in animal models of breast and 

renal cell carcinoma.18 BNC105-induced hypoxia led to upregulation of hypoxia-inducible 

factor 1 alpha, GLUT-1, and the VEGF signaling axis. When the VDA was combined with 
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bevacizumab, tumor vascular recovery was significantly hindered. When BNC106 was 

administered alone or together with the VEGFR1–3 tyrosine kinase inhibitor, pazopanib, a 

significant increase in animal survival was achieved with the combination (p<0.0001).18 

Siemann and Shi studied treatment of human clear cell carcinomas that had been established 

in nude mice.19 The animals received bevacizumab alone, a tumor VDA alone, or a 

combination of bevacizumab and tumor VDA. Treatment with the combination delayed 

tumor growth by 18 days as compared with six to eight days with a monotherapy. Finally, 

Nguyen et al reported prolonged survival of mice with colorectal cancer liver metastasis 

with a combination of the VDA, OXi4503, and the antiangiogenic agent, sunitinib.19

Another noteworthy observation in our exploratory analyses was an improved hazard of 

progression seen with increasing tumor size. This feature may be unique to VDAs and 

essentially represents the “inverse” of the volume-response relationship associated with 

conventional therapeutic modalities. Our observations are consistent with those reported by 

others.

Using a rhabdomyosarcoma rat model, Landuyt et al evaluated the effect of a single 

intraperitoneal injection of fosbretabulin (25 mg/kg) on tumor growth.21 For very large 

tumors, the differential growth delay was 17.6-fold stronger than what was measured for 

very small tumors.21 Using digital subtraction angiography and microsurgical cannulation of 

a major tumor draining vessel, the investigators discovered that tumor growth delay was 

related to extensive breakdown of existing tumor vasculature within 3–6 hours of drug 

administration.21 In a recent exploratory analysis of a randomized phase 3 trial in patients 

with non-small-cell lung carcinoma treated with docetaxel with and without the VDA 

plinabulin, Bazhenova, et al reported a survival benefit among patients with lung lesions > 3 

cm.22

The distinct physiologic targets of anti-vascular drug classes may inform the clinical 

ramifications. Due to their preventative action or new vessel growth, anti-angiogenic drugs 

may require prolonged (e.g., 30-minute infusion) and chronic administration, and are likely 

to be most effective in patients with asymptomatic low-volume metastatic disease.14 In 

contrast, VDAs, when given acutely over 10 minutes, have more immediate action and 

should be particularly effective against larger tumor burdens.14

Although the antivascular chemotherapy-free doublet studied in GOG-0186I did not impact 

survival, inability to control for post-progression therapy continues to hinder efforts to 

demonstrate a survival advantage in what is essentially a chemosensitive disease. Through 

the availability of poly (ADP ribose) polymerase inhibitors for recurrent disease23–29 and 

clinical trials studying immune checkpoint inhibitors30 and novel combinations31–33 the 

therapeutic arena continues to evolve. Setting aside broad assumptions concerning tumor 

biology and potential for cumulative toxicities, an emergent clinical landscape becomes 

gradually discernible amidst discordant populations engaged in current studies. This 

fragmented model can be aligned, and while specific areas are necessarily obscured by 

indeterminacy, we may still speculate on feasible clinical benchmarks and hypothesize on 

viable combinations. While careful patient selection and management of blood pressure 

prior to and after fosbretabulin administration is likely to mitigate cardiovascular 
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manifestations,34 these effects may also be circumvented with the nanoparticle drug delivery 

vehicles for tubulin inhibitors currently in development.35

Although the initial results of GOG-186I demonstrating a PFS benefit attributed to the 

experimental regimen were considered binding, there was an interest in re-evaluating the 

clinical endpoints with extended follow-up. It should be recognized, however, that the 

current observations are based on a post-hoc analysis of the study. Additional limitations 

include the use of dichotomized variables for tumor size. Although our rationale to use the 

median tumor size was justified to prevent outliers to overwhelm the analyses, there is still 

the potential for lost information and possible underestimation of variation in outcome 

between patients treated on the control arm and combined regimen arm.

Our observations concerning bulky disease also warrant additional study and offer the 

potential to broaden the therapeutic window even further. Patients rendered suboptimally 

debulked may respond to regimens that include combined targeted anti-vascular therapy. 

Additionally, patients with platinum-resistant recurrent disease remain at high risk as a 

consequence of aggressive tumor biology and/or suboptimal surgery at diagnosis. This 

population may be more likely to have large volume (i.e., bulky) metastases that would lend 

itself to dual anti-vascular blockade with bevacizumab plus fosbretabulin. It remains unclear 

whether the poorer efficacy observed in small volume disease is a spurious finding due to the 

exploratory nature of this analysis or perhaps reflects lack of sufficient tumor substrate given 

the distinct tumor domains bevacizumab and fosbretabulin target.It is interesting that the 

activity of anti-angigenesis therapy (including the label for bevacizujmab in newly 

diagnosed ovarian cancer) appears to be predicated on measureable disease (eg., suboptimal 

FIGO stage III and FIGO stage IV cancer). This is consistent with the activity of 

bevacizumab in other tumnor types and this phenomenon may be driving the PFS and 

objective response rate in bulky tumors when fosbretabulin is added.
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HIGHLIGHTS

• Tumor vascular disrupting agents represent a novel anti-vascular strategy

• Combined vascular disrupting agent plus anti-angiogenesis therapy may have 

activity in bulky, recurrent ovarian carcinoma

• The combination appears to be tolerable in the subpopulations studied.
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FIGURE 1: 
Panel A. Kaplan-Meier curves depicting progression-free survival (PFS) by intention-to-

treat with extended follow-up (entire study population).
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Panel B. Kaplan-Maier curves depicting overall survival (OS) curves by intention-to-treat 

with extended follow-up (entire study population).

Bev: bevacizumab; CA4P: fosbretabulin; HR: hazard ratio; CI: confidence interval; mos: 

months
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FIGURE 2: 
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Panel A. Kaplan-Meier curves depicting progression-free survival (PFS) by intention-to-

treat of the platinum-sensitive subpopulation.

Panel B. Kaplan-Meier curves depicting progression-free survival (PFS) by intention-to-

treat of the platinum-resistant subpopulation.

Bev: bevacizumab; CA4P: fosbretabulin; HR: hazard ratio; CI: confidence interval; mos: 

months
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FIGURE 3: 
Panel A. Kaplan-Meier curves depicting progression-free survival (PFS) by intention-to-

treat for patients with measureable disease.
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Panel B. Kaplan-Meier curves depicting overall survival (OS) by intention-to-treat for 

patients with measureable disease.

Bev: bevacizumab; CA4P: fosbretabulin; HR: hazard ratio; CI: confidence interval; mos: 

months
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FIGURE 4: 
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Panel A. Kaplan-Meier curves depicting progression-free survival (PFS) by intention-to-

treat for patients with tumor size less than or equal to the median 5.7 cm.

Panel B. Kaplan-Meier curves depicting progression-free survival (PFS) by intention-to-

treat for patients with tumor size greater than the median 5.7cm.

Bev: bevacizumab; CA4P: fosbretabulin; HR: hazard ratio; CI: confidence interval; mos: 

months
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Table 1.

Comparison of Progression-Free Survival and Overall Survival analyses in GOG-0186I.

Populations Studied N Δ Median PFS* HR P

ITT study population (March 2014) 107 2.5 0.69 0.098

Platinum-sensitive ovarian cancer 80 1.5 0.67 0.139

Platinum-resistant ovarian cancer 27 3.3 0.57 0.010

ITT study population (February 2017) 107 2.8 0.74 0.125

Platinum-sensitive ovarian cancer 80 1.9 0.84 0.436

Platinum-resistant ovarian cancer 26** 3.2 0.49 0.091

Measurable disease February 2017 81 3.7 0.65 0.057

Tumor size ≤ median (5.7 cm SLD) 40 2.2 0.77 0.418

Tumor size > median (5.7 cm SLD) 41 6.2 0.55 0.075

Populations Studied N Δ Median OS* HR P

ITT study population (April 2015)** 107 2.6 0.85 n/a

ITT study population (February 2017) 107 0.8 0.85 0.461

Platinum sensitive ovarian cancer 80 −1.9 0.826 0.532

Platinum resistant ovarian cancer 26*** 1.2 0.802 0.581

Measurable disease (February 2017) 81 6.6 0.80 0.391

Tumor size ≤ median (5.7 cm SLD) 40 −10.8 1.245 0.626

Tumor size > median (5.7 cm SLD) 41 10.1 0.521 0.095

*
denotes the change in median months progresssion-free or median months alive between the bevacizumab and bevacizumab plus fosbretabulin 

treatment arms in GOG-0186I; the single asterisk next to Median OS.

**
an earlier analysis of overall survival was performed during April 2015

***
in the updated analysis one patient who had originally been classified as having platinum-resistant disease was reclassified to having 

indeterminate platinum status and therefore not included in the February 2017 analysis of platinum-sensitive and platinum-resistant cohorts

PFS: progression-free survival; OS: overall survival; ITT: intent to treat analysis; Δ: change; HR: hazard ratio; SLD: single longest diameter; P 
values listed are 2-sided
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Table 2:

Objective response rates (RR) for tumors according to tumor size and treatment regimen.

Tumor Size Bevacizumab N (%) Bevacizumab + Fosbretabulin N (%)

N % RR N % RR

≤5.7 cm 19 17.8 43% 22 20.6 43%

>5.7 cm 20 18.7 15% 20 18.7 35%
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