
Randomized Phase IIB Evaluation of Weekly Paclitaxel versus 
Weekly Paclitaxel with Oncolytic Reovirus (Reolysin®) in 
Recurrent Ovarian, Tubal, or Peritoneal Cancer: an NRG 
Oncology/Gynecologic Oncology Group Study

David E. Cohn, MD1, Michael W. Sill, PhD2, Joan L. Walker, MD3, David O'Malley, MD4, 
Christa I. Nagel, MD5, Teresa L. Rutledge, MD6, William Bradley, MD7, Debra L. Richardson, 
MD8, Katherine M. Moxley, MD3, and Carol Aghajanian, MD9

1Division of Gynecologic Oncology, Department of Obstetrics and Gynecology, Ohio State 
University College of Medicine, Columbus, OH

2NRG Oncology/Gynecologic Oncology Group; Statistics & Data Management; Roswell Park 
Cancer Institute; Buffalo, NY

3Department of OB/GYN, University of Oklahoma Health Sciences Center; Oklahoma City, OK 
73104

4Division of Gynecologic Oncology, Department of Obstetrics and Gynecology, Ohio State 
University College of Medicine, Columbus, OH

5Dept of Gynecologic Oncology; Case Western Reserve University; Cleveland OH 44106

6Division of Gyn/Oncology; University of New Mexico; Albuquerque, NM 87131

7Dept. of OB/GYN; Medical College of Wisconsin; Milwaukee, WI 53226

8Division of Gynecologic Oncology, Department of Obstetrics and Gynecology, University of Texas 
Southwestern Medical Center; 5323 Harry Hines Blvd., Dallas, TX 95390-9032

9Department of Medical Oncology; Memorial Sloan-Kettering Cancer Center; New York, NY 
120021

Abstract

Objective—To assess whether the addition of oncolytic reovirus (Reolysin®) to weekly 

paclitaxel prolonged progression-free survival (PFS) in the treatment of women with recurrent or 

persistent ovarian, tubal or primary peritoneal cancer.
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Patients and Methods—Patients with recurrent or persistent epithelial ovarian, tubal, or 

peritoneal carcinoma, measurable or detectable disease, and three or fewer prior regimens were 

randomly assigned to paclitaxel (80 mg/m2 intravenously days 1, 8, and 15 every 4 weeks) or the 

combination of paclitaxel (80 mg/m2 intravenously days 1, 8, and 15) plus reovirus 3×1010 

TCID50/day intravenously on days 1-5, both every 4 weeks until disease progression or toxicity. 

The primary end point was PFS. The study was designed with 80% power for a one-sided 

alternative at a 10% level of significance to detect a reduction in the hazard by 37.5%.

Results—The study accrued 108 patients, 100 of whom were evaluable for toxicity. Median PFS 

was 4.3 months for paclitaxel and 4.4 months for paclitaxel plus reovirus (hazard ratio, 1.11; 90% 

two-sided CI, 0.78 to 1.59; one-sided P = 0.687). The proportion responding (overall response 

rate) to paclitaxel was 20% among 45 patients with measurable disease receiving paclitaxel alone, 

and 17.4% among the 46 patients treated with the combination. The asymptotic relative probability 

of responding was 0.87 (90% CI, 0.42 to 1.79). Severe adverse events were more common in the 

combination regimen than in paclitaxel arm for severe neutropenia (grade ≥ 4, 12% versus 0%), 

and severe respiratory adverse events (grade ≥ 3, 25% versus 2%). No deaths were considered 

treatment related.

Conclusion—The addition of reovirus to weekly paclitaxel in the treatment of women with 

recurrent or persistent ovarian, tubal or peritoneal cancer did not sufficiently reduce the hazard of 

progression or death to warrant further investigation.

Keywords

Oncolytic virus; recurrent ovarian cancer; paclitaxel

Introduction

Few FDA approved options exist for the treatment of recurrent ovarian cancer. In patients 

with recurrent disease, re-treatment with paclitaxel using a weekly schedule has 

demonstrated activity, possibly through anti-angiogenic as well as direct cytotoxic 

mechanisms [1]. Gynecologic Oncology Group (GOG)-0126N demonstrated a 21% 

objective response rate (and a 46% rate of stable disease) in this population [2].

Reovirus Serotype 3 – Dearing Strain (Reolysin®) is a naturally occurring, ubiquitous, non-

enveloped human reovirus with a genome that consists of 10 segments of double-stranded 

RNA. While community-acquired reovirus infection in humans is generally mild and limited 

to the upper respiratory and gastrointestinal tract, reovirus has been shown to replicate 

specifically in, and be cytopathic to, transformed cells possessing an activated Ras signaling 

pathway. The specificity of the reovirus for Ras-transformed cells, coupled with its relatively 

nonpathogenic nature in humans, makes it an attractive anticancer therapy candidate. In 

transformed cells with mutations of the Ras proto-oncogene (approximately 30-40% of all 

human tumors), reovirus has been shown to possess cytopathic activity [3]. Activated Ras is 

present in greater than 20% of ovarian cancers, and appears to be dependent on histology 

[4]. Importantly,activating Ras mutations are not requisite for reovirus efficacy, since 

activation or over-expression of regulatory elements in Ras signaling pathways can also lead 
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to antitumor effects from reovirus [3]. In ovarian cancer, it has been shown that increased 

Ras signaling contributes to pathogenesis seen with reovirus [4].

Given the susceptibility of ovarian cancer cells to reovirus and the safety of IV reovirus in 

patients with advanced malignancies, reovirus has been investigated using IV and 

intraperitoneal (IP) administration in patients with recurrent ovarian cancer [5], 

demonstrating viral replication in peritoneal tumors when reovirus is delivered systemically 

[6].

Recent preclinical data suggests that reovirus has a synergistic effect when administered 

with taxanes [7]. In an in vitro model, exposure of cells to reovirus in combination with 

docetaxel or paclitaxel demonstrated enhanced apoptotic cell death when compared to either 

agent alone. Furthermore, in a murine model, reovirus monotherapy slowed tumor growth 

and prolonged median overall survival time compared to control treatment, whereas 

docetaxel alone had no effect. When administered in conjunction with reovirus, the 

combined therapy significantly suppressed tumor growth and replicating virus was identified 

within tumors [8]. Thus, we set out to assess whether weekly paclitaxel, when combined 

with intravenous reovirus, reduces the risk of disease progression when compared with 

paclitaxel alone.

Methods

This was an open-label prospective randomized phase IIB trial of single-agent weekly 

paclitaxel compared with weekly paclitaxel plus reovirus (GOG-186-H; ClinicalTrials.gov. 

Identifier: NCT01166542). Eligible patients included women with measurable (per RECIST 

1.1) or detectable persistent or recurrent epithelial ovarian, fallopian tube, or primary 

peritoneal carcinoma with documented disease progression. Detectable disease required at 

least one of the following conditions: cancer antigen (CA)-125 at least 2× upper limit of 

normal (ULN), ascites and/or pleural effusion attributed to tumor, or solid and/or cystic 

abnormalities on radiographic imaging that did not meet RECIST 1.1 definitions for target 

lesions. Patients must have had one prior platinum-based chemotherapeutic regimen for 

management of primary disease containing carboplatin, cisplatin, or another organoplatinum 

compound. This initial treatment may have included intraperitoneal therapy, consolidation, 

non-cytotoxic agents or extended therapy administered after surgical or non-surgical 

assessment. If patients were treated with paclitaxel for their primary disease, this could have 

been given weekly or every 3 weeks. Patients were allowed to have received two additional 

cytotoxic regimens for management of recurrent or persistent cancer, with no more than one 

non-platinum, non-taxane regimen. Treatment with weekly paclitaxel for recurrent or 

persistent disease was not allowed. Patients were also allowed to have received non-

cytotoxic (biologic and/or targeted agents such as bevacizumab) therapy as part of their 

primary treatment regimen but were not allowed to have received any non-cytotoxic therapy 

for management of recurrent or persistent disease. Patients with either platinum-sensitive 

(platinum-free interval [PFI] >182 days) or platinum-resistant (PFI <=182 days) disease 

were eligible. Importantly, patients who had received only one prior cytotoxic regimen 

(platinum-based regimen for management of primary disease), must have had a PFI of less 
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than 12 months, or had progressed during platinum-based therapy, or had persistent disease 

after a platinum-based therapy.

Patients aged 18 years or older with a GOG performance status of 0 or 1 were eligible. 

Patients with a performance status of 2 were eligible if they had received only one prior 

regimen.

Patients must have been able to avoid direct contact with pregnant or nursing women, infants 

and immune-compromised individuals while on study and for ≥3 weeks following the last 

dose of reovirus administration. Additionally, patients with known HIV or hepatitis B or C 

or those receiving immunosuppressive therapy including chronic oral steroids (at an 

equivalent dose of greater than prednisone 5 mg daily) were excluded due to risk of viral 

infectivity of reovirus. Patients with a pre-existent infection were not eligible.

Drug Administration and Supportive Care

Paclitaxel was administered at 80 mg/m2 as a continuous intravenous (IV) infusion days 1, 

8, 15 every 4 weeks. Hypersensitivity reactions were prevented with premedication with 

corticosteroids, diphenhydramine, and H2 antagonists prior to paclitaxel administration and 

the paclitaxel was administered over 60 minutes. Among those randomly assigned to 

reovirus, 3×1010 TCID50/day was administered IV over 60 minutes on days 1-5 of each 

cycle after paclitaxel. Treatment with acetaminophen was precluded while receiving reovirus 

due to preclinical reports of elevated ALT with this combination. Thus, non-acetaminophen 

containing antipyretics were recommended if needed. Treatment was continued every 28 

days (one cycle) until disease progression or until adverse events (AEs) prohibited further 

therapy.

Reovirus was handled according to Biosafety Level (BSL) 2 guidelines, and in accordance 

with institutional biosafety policies and procedures, which generally included 

decontamination of all equipment and work surfaces with an appropriate disinfectant 

(minimum of 2% bleach solution).

Dose Modifications

Growth factors were not allowed, and subsequent cycles of therapy were administered if the 

absolute neutrophil count was >= 1,500/microL and the platelet count was >= 100,000/

microL. Patients who failed to recover adequate counts within a 2-week delay were removed 

from the study. Dose reduction of both paclitaxel (to 60 mg/m2) and reovirus (to 1×1010 

TCID50) was required after an initial episode of febrile neutropenia or grade 4 neutropenia 

persisting for at least 7 days. Similar dose reductions were instituted for grade 4 

thrombocytopenia. Recurrent hematologic toxicity and neutropenic complications led to an 

additional dose reduction of both paclitaxel (to 40 mg/m2) and reovirus (to 3×109 TCID50). 

Dose reductions for grade 2 peripheral neuropathy required a reduction in the paclitaxel 

dose, and grade 2 or greater renal toxicity and grade 3 or greater elevations in liver 

associated enzymes and bilirubin required a dose reduction in both paclitaxel and reovirus. 

Patients with persistent grade 3 or greater nausea, emesis, diarrhea or constipation despite 

appropriate medical management required a dose reduction in both paclitaxel and reovirus. 
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Patients requiring greater than two dose reductions for any cause were removed from the 

study. Dose escalations or re-escalations were not allowed.

Study End Points—Tumor measurements using computed tomography or magnetic 

resonance imaging were made once during every other cycle according to RECIST 1.1 for 

the first 6 months and then every 3 months thereafter until disease progression. Patient 

response was reported as the best response during therapy. Progression (for those with 

measurable disease) was defined as at least a 20% increase in the sum of the diameters of 

target lesions, taking as a reference the smallest sum on study. Other criteria sufficient for 

declaring progression included new lesions or unequivocal progression of existing non target 

lesions. Patients who progressed within 6 weeks were deemed to have progressive disease 

(PD). Partial response (PR) was defined as at least a 30% decrease in the sum of the 

diameters of target lesions, taking as a reference the baseline sum. Complete response (CR) 

was defined as the disappearance of all target and non-target lesions and no evidence of new 

lesions with normal CA-125 levels. Stable disease was declared for patients who neither 

progressed nor had CR/PR for at least 6 weeks. Progression-free survival (PFS) was defined 

as the time from study entry until disease progression or death. OS was defined as the time 

on study until death. Censored cases were observed until the date of last contact.

For those with detectable but non-measurable disease, assessment was based on CA-125, 

effusions (ie, ascites), and/or evaluation of indeterminate solid or cystic abnormalities. The 

date of progression by CA-125 level was determined by values greater than 2× maximum 

(ULN, nadir) that was confirmed at least 8 days later.

Statistical Design—The study used the intent to treat principle for evaluating efficacy. 

The primary objective of this study was to assess the activity of the combination regimen 

relative to the reference (paclitaxel) through a stratified Cox hazard ratio (HR) of the PFS 

endpoint. Patients were stratified according to their platinum-free interval PFI (those with a 

PFI ≤ 182 days versus those with PFI > 182 days) and measurable disease status 

(measurable versus non-measurable or “detectable” disease). The allocation ratio was 1:1 

using stratified blocks. Dynamic allocation was not used. The study had 3 kinds of 

outcomes: (1) further study recommended, (2) a non-definitive negative result, and (3) no 

further study recommended [9], and it was powered to detect a reduction in the hazard rate 

by 37.5% (HR 0.625) with 80% power at the approximate 10% level of significance. The 

study had about a 10% chance of declaring a non-definitive negative result under the null 

and alternative hypotheses (Ho: HR=1 and Ha: HR=0.625). In this case, investigators could 

consider other literature or sources before making a final recommendation. The target 

enrollment was 110 patients (55 per arm) with a final analysis triggered after 88 PFS events. 

The study recommended further study, a non-definitive negative, or a negative result if the 

observed Cox HR was less than 0.757, between 0.757 and 0.857, and greater than 0.857, 

respectively. An interim futility analysis was conducted after 44 PFS events using a Lan-

Demets beta spending function with a 47% chance of stopping under Ho [10] and [9]. 

Secondary objectives included assessments of tumor response, OS, and toxicity (among all 

treated patients).
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Results

From December 2010 to September 2014, GOG member institutions randomized 108 

patients (54 to the reference; 54 to the combination). Two patients were deemed ineligible, 

and a total of 8 patients were never treated. One patient in Figure 1 on the experimental arm 

was ineligible and never treated. Because she was never treated, she was excluded from the 

toxicity comparison. Thus, 100 treated patients (48 in the paclitaxel arm and 52 patients in 

the combination arm) were evaluable for toxicity (Figure 1). Patient characteristics are 

presented in Table 1. Only 3.5% of the overall population with serous ovarian cancer had 

low-grade (grade 1) disease, with the remaining proportion having high-grade (grade 2 or 3) 

disease. Approximately 30% of patients received only one prior chemotherapy regimen, and 

the same proportion received three prior regimens. Prior bevacizumab exposure was reported 

in 42% of patients overall. Measurable disease was present in 84% of patients, and 

approximately 67% were platinum-resistant. Treatment arms were well balanced by 

platinum sensitivity, measurable disease, and prior bevacizumab use. A median of four 

cycles were administered in both arms of the study (overall range, 1-16).

Adverse Events (AEs)

Treatment emergent AEs are listed in Table 2. Severe neutropenia (grade ≥ 4) appeared to be 

associated with reovirus administration (11.5% versus 0.0%). Additionally, severe 

respiratory/thoracic/mediastinal adverse events (grade ≥ 3) appeared to be associated with 

reovirus administration (25.0% versus 2.1%, risk ratio was 12.0 [95% CI 1.63 ∼ 88.3]). 

When looking at the more detailed list of AEs, it is noted that some toxicities that could be 

attributed to a viral illness were higher on the combination arm (e.g. fever, myalgia, and 

headache) though the risk of false positive outcomes is higher. There were no significant 

differences observed in AEs that could be attributed to a viral illness when examining 

fatigue, sepsis, or cough. There were no deaths attributed to treatment.

Activity (Table 3)

There were similar median PFS in both arms (4.3 months with paclitaxel versus 4.4 months 

with paclitaxel and reovirus, hazard ratio 1.11, 90% CI 0.78-1.59). A similar proportion of 

patients with measurable disease who were treated with weekly paclitaxel plus reovirus 

responded to treatment (20% for paclitaxel alone versus 17.4% for the combination, odds 

ratio 0.84 (90% Exact CI 0.30-2.33)). The asymptotic estimate of the relative probability of 

response (experimental to reference) was 0.87 (90% CI 0.42-1.79). The probability of 

responding by CA-125 among evaluable patients was similar between the combination arm 

(12/39, 30.8%) compared to the reference arm (10/29, 34.5%). An analysis of OS was 

conducted at the time of the primary analysis and again at a later point when the data were 

more mature. The following results were obtained upon the second OS analysis: OS with 

paclitaxel (13.1 months) was not significantly different from that with paclitaxel and 

reovirus (12.6 months), hazard ratio 1.006 (90% CI 0.690-1.468). There remained no 

survival difference even when stratified by measurable disease and PFI (HR 0.912, 90% CI 

0.623-1.334).
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Discussion

Weekly paclitaxel has substantial activity in the treatment of recurrent or persistent ovarian, 

tubal and peritoneal cancer in both the platinum-sensitive and platinum-resistant settings. 

However, the addition of intravenous reovirus to weekly paclitaxel did not improve PFS or 

OS or objective response, regardless of whether the assessment was in the population with 

measurable or with CA-125 evaluable disease.

Oncolytic reovirus has demonstrated activity against many cancers, including colorectal, 

pancreatic, lung and head and neck cancers as well as multiple myeloma [11]. Initial interest 

in reovirus against ovarian cancer was established after the observation that reovirus infected 

multiple ovarian cancer cell lines but not a normal ovarian cell line [4]. Subsequent clinical 

investigation of reovirus in ovarian cancer has included the demonstration of intravenous 

reovirus replicating within peritoneal carcinomatosis from ovarian cancer [6], with sparing 

of replication in normal tissues [12]. Following the establishment of the proof of principle 

that systemic delivery of a replicative virus could infect distant disease, the feasibility of 

combining reovirus with taxanes was established [8], ultimately leading to the development 

of GOG 186-H. Despite the background work which led to enthusiasm for the concept of 

patients with recurrent ovarian cancer being treated with reovirus and weekly paclitaxel, this 

study was not able to demonstrate improved outcomes compared with patients treated with 

weekly paclitaxel alone.

There are a number of factors that could contribute to the lack of additional activity afforded 

by the addition of reovirus to weekly paclitaxel. While reovirus does not require activated 

RAS for replication, its function ultimately acts on the RAS signaling pathway, and the 

reovirus progeny from RAS transformed cells are more infectious leading to an increase in 

the release of viral particles [13]. Given that only 20% of ovarian cancers are expected to 

harbor activating RAS mutations, reovirus efficacy could be limited in a population 

unselected for RAS mutation. Additionally, limited data exist demonstrating that the 

systemic administration of reovirus leads to replication in peritoneal tumors from ovarian 

cancer [6] and [8]. Given that there were no translational research objectives in this study, no 

archival specimens exist to assess whether selection for RAS activation would lead to 

alternative conclusions regarding the activity of reovirus. It is conceivable that other factors 

that prevent active reovirus replication could play a role in the lack of synergistic activity of 

reovirus with weekly paclitaxel. Since reovirus has been shown to replicate and demonstrate 

cytotoxic activity in hypoxic conditions [14], the use of weekly paclitaxel, which was shown 

to target proliferating endothelial cells [15], may contribute to the reversal of a hypoxic 

phenotype thereby attenuating the replication of reovirus in ovarian cancers. Continued 

investigation of populations of patients with ovarian cancer in which reovirus may be more 

effective (such as those with low-grade serous carcinoma, commonly with activation of the 

MEK-ERK-RAS-RAF pathway) is critical to the development of reovirus in ovarian cancer. 

Given that only 3.5% of the overall population with serous ovarian cancer had low-grade 

disease, no meaningful conclusions can be drawn from the patients treated with reovirus 

with weekly paclitaxel.
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An interesting finding in this study overall is the consistent response to weekly paclitaxel in 

patients with ovarian cancer (Table 4). Summarizing the data from patients treated with 

weekly paclitaxel on 5 prospective NCI-funded clinical trials, an overall response was seen 

in 53/230 (23%), with response rates in the individual studies ranging from 20 to 28%. 

These data, reporting consistent responses to weekly paclitaxel, argue for subsequent studies 

in this population being designed as single-arm combinations of investigational agents with 

weekly paclitaxel, thereby maximizing the opportunity to study new agents in patients with 

recurrent ovarian cancer.

In summary, the addition of reovirus to weekly paclitaxel in women with recurrent ovarian 

cancer led to no improvement in PFS or other measures of patient outcome. Results from 

this study do not support further investigation of this combination in this patient population 

at these doses and schedule.
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Highlights

• Reovirus when added to paclitaxel is not active in unselected patients with 

recurrent ovarian cancer

• Severe neutropenia and respiratory toxicity is more common with reovirus 

exposure

• The activity of weekly paclitaxel in recurrent ovarian cancer is confirmed
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Figure 1. 
a) CONSORT diagram and b) schema.

* One ineligible patient was also never treated.

* One patient on the experimental arm was ineligible and never treated. This patient is 

tabulated in the figure as “ineligible” but is excluded from the toxicity comparison.

Cohn et al. Page 11

Gynecol Oncol. Author manuscript; available in PMC 2018 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 2. Progression-free survival
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Figure 3. Overall survival
1 Hazard ratios are reported for rates on Paclitaxel+Reovirus to Paclitaxel Alone. This 

analysis occurred after the primary analysis was conducted.
2 Analysis stratified by measurable disease (Yes/No) and platinum-free interval (≤ 182 days 

versus > 182 days).
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Table 4
Response to weekly taxanes across completed GOG clinical trials (On-line only)

GOG Study Taxane N Response rate (%)

126-N2 Weekly paclitaxel 48 10/48 (21%)

126-R16 Weekly Nab-paclitaxel 47 11/47 (23%)

186-H3 Weekly paclitaxel 45 9/45 (20%)

186-J17 Weekly paclitaxel 44 10/44 (23%)

186-K18 Weekly paclitaxel 46 13/46 (28%)

1
Reference [2]

2
Reference [16]

3
Current study
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