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Abstract

Ovarian cancer is the most common cause of gynecological cancer death in United States women.
Efforts to improve progression free survival (PFS) and quality of life (QoL) after treatment for
ovarian cancer are necessary. Observational studies suggest that lifestyle behaviors, including diet
and physical activity, are associated with lower mortality in this population. The Lifestyle
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Intervention for Ovarian Cancer Enhanced Survival (LIVES) NRG 0225 study is a randomized,
controlled trial designed to test the hypothesis that a 24 month lifestyle intervention will
significantly increase PFS after oncological therapy for stage I1-1V ovarian cancer. Women are
randomized 1:1 to a high vegetable and fiber, low-fat diet with daily physical activity goals or an
attention control group. Secondary outcomes to be evaluated include QoL and gastrointestinal
health. Moreover an a priori lifestyle adherence score will be used to evaluate relationships
between adoption of the diet and activity goals and PFS. Blood specimens are collected at
baseline, 6, 12 and 24 months for analysis of dietary adherence (carotenoids) in addition to
mechanistic biomarkers (lipids, insulin, telomere length). Women are enrolled at NRG clinic sites
nationally and the telephone based lifestyle intervention is delivered from The University of
Arizona call center by trained health coaches. A study specific multi-modal telephone, email, and
SMS behavior change software platform is utilized for information delivery, coaching and data
capture. When completed, LIVES will be the largest behavior-based lifestyle intervention trial
conducted among ovarian cancer survivors.
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1. Introduction

Ovarian cancer is diagnosed in approximately 21,980 women annually in the United States.
Survival after a diagnosis of ovarian cancer is poor. An estimated 44% of women are
expected to be alive after 5 years, 36% after 10 years [1,2]. Risk factors for ovarian cancer
are largely unmodifiable [3-5]. Efforts to identify modifiable risk factors that may reduce
the risk for disease progression remain limited with diet and physical activity leading the list
of potential targets for behavior change.

However, evidence supporting the role of diet as a modifier of ovarian cancer risk or survival
remains limited. An analysis from the Women’s Health Initiative (WHI) prospective, low fat
dietary modification trial of 48,835 post-menopausal women suggested that long term
adoption of a low fat diet was associated with a significant 40% reduction in ovarian cancer
risk [5]. A systematic review suggested that total, animal and dairy fat were most
consistently associated with higher risk [6]. Pre-diagnosis diet (n = 341 ovarian cancer
patients) of higher versus lower fruits and vegetable intake was associated with a 39%
greater survival time an effect largely driven by consumption of green, yellow and
cruciferous vegetables [7]. One study (n = 636 cases) showed 27% lower mortality in
women reporting a high diet quality score — a score that reflected greater vegetable, fruit,
and fiber and lower fat, and animal fat intake [8].

The role of physical activity in ovarian cancer is not clearly understood. Mechanistic support
for this hypothesis relates to improvements in immune function [9] and reductions in
estrogen [10,11], body fat [12, 13], and insulin [14]. An analysis of pre-diagnosis physical
activity among postmenopausal women suggested that higher moderate-to-vigorous physical
activity was associated with a 26% lower risk for mortality [15].
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These data support our efforts to develop a randomized, controlled trial, the Lifestyle
Intervention for Ovarian Cancer Enhanced Survival (LIVES) NRG 0225 study, to
prospectively test the effect of diet in combination with physical activity on increasing
progression-free survival (PFS) in women previously treated for ovarian cancer. The large
recruitment base and research infrastructure of the NRG Oncology Cooperative Group
affords a unique opportunity to efficiently test our hypotheses relating dietary intake and
physical activity to ovarian cancer PFS. The LIVES trial is designed to fill the gap in current
knowledge in relation to optimal diet and activity behaviors after ovarian cancer treatment.
The longer-term goal of this research is to contribute to the available evidence and in turn
support the development of clinical guidance related to diet and physical activity behavior
following treatment for ovarian cancer.

2. Research design and methods

2.1. Hypothesis and study objectives

The hypothesis for this trial is that PFS will increase among women previously treated for
Stage I1-1V ovarian, fallopian tube, or primary peritoneal cancer who are randomly assigned
to a lifestyle intervention that includes a low fat, high vegetable and fruit diet and daily
physical activity for a period of 24 months.

Several a priori secondary objectives are also being evaluated including assessment of
quality of life (QoL), bowel health and physical function. Exploratory objectives to evaluate
change in circulating levels of plasma carotenoids between treatment arms and to examine
patient compliance with the healthy lifestyle intervention in order to assess what patient-
specific factors inform on compliance to the lifestyle intervention and whether PFS is better
among compliant individuals are also included in the protocol for evaluation.

2.2. Trial design

The LIVES study is a Phase 111, randomized clinical trial focused on lifestyle behavior
change including a combined lifestyle intervention focused on diet and physical activity
behaviors. The intervention is a telephone-based coaching program grounded in Bandura’s
Social Cognitive Theory (SCT) [16]. The design is illustrated in Fig. 1. In total, 1200 women
will be randomized from NRG clinical sites across the U.S. and Canada with a target of
1070 evaluable participants.

The decision to intervene for a period of 24 months was based on evidence that progression-
free survival was estimated at 22.5 months at the time the study was designed, having ample
time to change and maintain change in diet and physical activity behaviors, informed by
prior lifestyle intervention trials [17,18] and the realization of a 5-year grant cycle for
recruitment and follow-up. After completing the two-year protocol intervention, participants
are being followed for another 5 years to gather information on disease progression and
survival as well as quality of life. The study data will be considered mature when 857 PFS
events are documented.
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2.3. Eligibility and exclusion criteria

Several eligibility criteria are included in the study design in order to promote some degree
of homogeneity in study participants, expand inclusion beyond women who are already
actively engaged in healthy lifestyle behaviors and to control for effect modification to a
degree that also supports timely recruitment. Eligible patients must be 18 years of age or
older and have a histological diagnosis of epithelial ovarian cancer, fallopian tube or primary
peritoneal carcinoma, clinical stage Il, 111 or 1V at diagnosis. Patients must have completed
all primary chemotherapy and consolidation therapy (if administered) at least 6 weeks, and
no > 6-1/2 months, prior to enroliment and must be in remission. Patients must have
achieved a documented complete response to treatment based on normal CA-125 and CT
scan (i.e. there must be no clinical evidence of persistent or recurrent disease based on
CA-125 and CT scan) and have a Gynecological Oncology Group (GOG) Performance
Grade of 0-2. Patients must be free of chronic disease that would preclude randomization
into a lifestyle intervention trial including serious psychiatric illness. Ineligible patients
include women with a history of other invasive malignancies within the last 5 years, with the
exception of non-melanoma skin cancer. In addition, women diagnosed with chronic
disease/illness precluding their participation (i.e., diabetics receiving insulin, myocardial
infarction or unstable angina within previous six months, chronic hepatitis, rheumatoid
disease, renal or hepatic disease/dysfunction) are not eligible to participate. Patients with a
life expectancy of <1 year or with a Body Mass Index (BMI) <20 kg/m? as well as those
following a restricted diet (Vegan, prescribed weight loss, etc.) or who engage in any
endurance related physical activity (marathons, triathlons) within the previous 12 months are
not eligible for study participation.

2.4. Recruitment and consent

This treatment protocol is approved by the Division of Cancer Prevention at the National
Cancer Institute and then monitored by the University of Arizona (UA) Human Subjects
Institutional Review Board (IRB) for centralized delivery of study intervention and by the
IRB for each recruitment site where in patients are consented for trial participation.
Recruitment for participants in the LIVES study occurs at the local NRG clinics using
standard dissemination methods of the cooperative group as well as through marketing
efforts targeting the cancer survivor population at large. The promotion of this study in
survivor networks is a key component of the recruitment strategy. These efforts include web-
based marketing through Facing Our Risk of Cancer Empowered (FORCE), National
Ovarian Cancer Coalition (NOCC), and Up the Volume. Participants in the LIVES trial are
entered through the NRG clinics. All NRG clinics seeking to be registered into the NRG
centralized system; participants may not enter the trial at clinical treatment sites not
registered with NRG. NRG clinic personnel must complete required study training either on-
line or during training session made available at the bi-annual NRG cooperative group
meetings. The training program has standardized content that was specifically developed for
administration of GOG 0225 at the clinic level. Content is largely driven by the protocol
content. Training includes a review of the literature supporting the trial, study hypotheses
and aims, forms review, standard operating procedures for patient administration and
processing of forms, clinic-based measures and time points for collection and detailed
information regarding contacts for problem-solving. In addition, the training includes an on-
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line video of the waist circumference measurement procedure. Upon completion of the
training, study personnel must demonstrate competency in protocol content with a score of
>90% on a standardized, online protocol examination prior to enrolling eligible participants
in the trial. Once qualified as a recruitment site, clinics develop internal approaches to
identify participants for eligibility screening, implement the screening checklist and offer the
trial to all eligible patients. If interested, eligible patients complete the consent process and
are registered into the trial through the centralized NRG OPEN database. Only trained
personnel are consenting patients for participation, per protocol.

2.5. Randomization

After completing eligibility screen, consent process and all baseline assessments, eligible,
consented women are equally assigned to the intervention or control arms using a stratified
randomized block design. Randomization is performed electronically with stratification by
stage of disease at diagnosis and presence of prior consolidation therapy. The assigned study
regimen is revealed to the patient after registration is complete.

2.6. Characteristics of study participants

As of June 1, 2016, 781 women have been randomized into the trial representing over 65%
of the recruitment goal. Retention is over 90%, above estimates used to set trial statistical
power. Enrollment represents participants from 187 clinics and 44 states. Enrollment was
opened at NRG (GOG) clinical sites in June 2012. Characteristics of the study sample
through 6/1/16 are described in Table 1.

2.7. Telephone counseling

Treatment for both the intervention and attention control group study participants are
delivered in both English and Spanish by trained health coaches through a multi-modal
software application developed by Arizona Research Labs at the UA. Participants receive
communication to support lifestyle behavior goals from the study in a variety of methods
including telephone calls, Short Message Service (SMS) messaging, email, forums and mail
(newsletters, cards). These communications are treatment specific and forums are user-group
assignment specific by invitation only in order to maintain trial fidelity.

All health coaches complete general training on the protocol, ovarian specific cancer
knowledge, palliative care, effective and acceptable phone communication over a period of 2
weeks. The training is delivered by a multi-disciplinary team that includes the Principal
Investigator, study coordinator, medical oncologist, a study survivor advocate and a study
oncology nurse. This introductory training period is followed by a 4-week intensive training
in health coaching. Most importantly, health coaches for the intervention group complete
extensive and focused training in Motivational Interviewing. This training applies
cognitively based behavior change strategies with Motivational Interviewing approaches that
include goal setting, self-monitoring, feedback and reinforcement to support self-efficacy.
As part of the standardized training protocol all coaches participate in mock recorded
coaching sessions. Only the intervention coaches have their recorded calls scored using
Motivational Interviewing Treatment Integrity (MITI) guidelines and continue to do so until
they reach the beginning proficiency level [19], All coaches must pass a final mock call to
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the study Principal Investigator before they are progressed to coaching LIVES participants.
When necessary additional training is provided, on occasion (25 to date) coaches are passed
over for employment if unable to meet quality assurance metrics for performance. Ongoing
evaluation and re-training of coaches is performed on a monthly basis and informs on
employment status. The evaluation includes review by the study coordinator of a random
sample of 10% of calls completed during the first week and 3% each month thereafter as
well as MITI scoring of calls conducted by the intervention group coaches. A MITI score of
20 is considered acceptable performance. If performance issues are identified (call etiquette,
protocol adherence, and low MITI scores for intervention coaches) additional training is
provided and a re-assessment of performance conducted. If performance does not reach
protocol standards the employee is dismissed. This treatment protocol is approved and
monitored by the UA Human Subjects Institutional Review Board.

2.8. Behavioral theory

A theory based behavioral approach, grounded in Bandura’s SCT [16, 20] with integration
of the theory of planned behavior and locus of control models was developed as a framework
for the intervention arm of LIVES [21]. Self-monitoring, tailoring and repetitive messaging
is used in addition to the telephone based coaching to assist participants in achieving optimal
behavior change. The coaching approach integrates what is known as “narrative therapy” for
person-centered, meaningful dialogue to promote behavior change [22].

Social cognitive theory posits an individual with given information, attitude, beliefs and
needs functioning in a given social and physical environment will engage in behavior that
will have a consequent outcome. The perceived self-efficacy of each participant influences
the acquisition of new behaviors, inhibition of existing behaviors and the disinhibition of
behaviors. In addition, self-efficacy influences the amount of time and effort an individual is
willing to put towards changing a behavior. Finally, self-efficacy impacts psychosocial
elements to include anxiety, distress and thought patterns around behavior change.

Locus of control [23] suggests an individual’s health is controlled by their beliefs. These
beliefs can be an effective motivator when evaluated on a person by person basis. The theory
of planned behavior [24] theorizes behavior can be predicted through an individual’s attitude
and the subjective norm of a particular behavior. Because no two individual are the same, a
patient centered approach allows the coach to help guide participants through their
individual journey in meeting the lifestyle goals. On each call, participants are coached
using these frameworks to guide exploration of barriers and facilitators for specific
behaviors resulting in tailored behavior change. LIVES participants set one to two small,
achievable goals on each coaching call and efficacy for achieving each goal is assessed on
every call.

2.9. Diet and physical activity goals

Earlier epidemiological evidence guided the intervention goals which support healthy
dietary patterns and moderate physical activity to promote a reduction in cancer risk [25].
The combination of diet and physical activity was selected to ensure the most robust effect
on the underlying biological mechanisms by which these lifestyle behaviors may improve
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PFS. Specifically, the goals include a plant-based diet focused on four servings of vegetables
per day with an emphasis on cruciferous [26], dark green and orange colored vegetables
[27], two servings of fruit per day with one being citrus [28,29], 30 g of fiber [30], and 20%
of total calories obtained from fat [6,7,30-33]. Standardized portions define serving size
with a serving of vegetables equivalent to 3/4 cup 100% vegetable juice, 1 cup raw leafy
greens or 1 /2 cup cooked or raw vegetables. Fruit servings are defined as 1 medium (tennis
ball sized), 1/2 cup raw cut up or 1/4 cup dried fruit. To maximize exposure to bioactive
compounds white potatoes, fruit juices that are not 100% juice and corn are not counted
towards daily vegetable and fruit goals. Participants are supported to consume vegetables
and fiber beyond study goals as desired; fat intake below 15% total energy is not advised in
order to assure adequacy of fatty acid intake. Fruit intake above 2 servings daily is not
advised given conflicting observational evidence suggesting higher intake may be associated
with higher risk for ovarian cancer [6].

The physical activity goals were selected based on literature supporting walking as the
primary activity of interest to ovarian cancer survivors [34], evidence of a protective role for
physical activity in ovarian cancer [35] and emerging research suggesting sedentary time
may be as relevant as low total activity in increasing ovarian cancer risk [36—38].
Participants are supported to increase steps by an average of 4000 steps per day and longer
term to meet or exceed the recommended 10,000 steps daily. Steps can be achieved through
walking or women may convert other activities (e.g., yoga or weight lifting) to steps using
estimates provided in the study manual to meet their activity goals.

Strategies to achieve and maintain study activity goals start with self-monitoring.
Participants wear pedometers and record daily steps in lifestyle journals throughout the
intervention to promote behavior change [39,40], assess progress towards study goals and
assist in coaching. Lifestyle journals are returned to the study bi-monthly for review and
activity is reviewed during coaching calls for the intervention group participants and
captured in real-time using the study designed web-based platform. To add variety and
interest important to adopting a more active lifestyle participants are encouraged to
participate in individual or group-based aerobic activity 2 times/week for 10-30 min,
depending on individual tolerance, and to integrate strength and flexibility training weekly.
These approaches meet the guidelines outlined by the American College of Sports Medicine
(ACSM) and American Cancer Society (ACS) [12,41] to increase moderate physical activity
among cancer survivors. In addition, participants are advised and provided educational
materials to reduce sedentary time an approach that can be effective in individuals with
lower activity levels in order to build self-efficacy towards larger changes in physical activity
over time.

2.10. Participant contact

Contact for patients participating in LIVES is a combination of in person assessment visits
with local NRG clinic personnel as well as telephone-based and electronic contact from the
UA coaching call center. In-person clinic visits occur every 3 months and include
measurement of the patient’s weight, height (annually) and waist circumference at the
baseline, 6, 12 and 24 month visits. Questionnaires are completed and blood samples are
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collected during clinic visits (Table 2). The minimum frequency of contact is standardized
for telephone contact. Women assigned to the intervention receive 33 scheduled telephone
calls over 24 months and women assigned to the attention control condition receive 22
scheduled telephone calls over the same time period. Counseling calls are made more
frequently in the first 6 months then tapered downward in frequency and number over the
24-month trial period (Table 2). Telephone contact may be tailored in frequency at the
request of individual participants to either promote optimal behavior support or reduce
participant burden that may contribute to recidivism. However, the minimum goal of 33 and
22 calls for the intervention and control groups, respectively, is adhered to by rescheduling
or shortening call length at the participant’s convenience. An example of tailoring might be
email and/or SMS text contact only while a participant is on vacation or added email
correspondence if additional education is needed in the initial phases of the trial. Alternately,
women may opt for extension of the weekly telephone contact schedule for an additional 2
weeks before reducing down to every other week calls/contact.

In addition to coach-participant communications and contact, the success of LIVES to retain
participants is, to some extent, dependent upon clear communications and building of
rapport between the individual NRG clinic site coordinators and the UA coaching call
center. Communication is vital to reduce study attrition and clinic staff reach to individual
participants is commonly employed when the coaches are unable to contact a participant.
For more general study communications such as protocol updates or operations advisement
conference calls are held monthly between the UA and NRG clinic sites. Clinics are
expected to attend calls at least quarterly, to date the majority attending all monthly calls.
Additionally, in person study updates are provided for clinic staff at the semi-annual NRG
meetings.

3. Study outcomes and assessments

The primary outcome for the LIVES trial is PFS, defined as the number of months between
study enrollment and documentation of disease progression or death from any cause,
whichever is observed first, understanding that all participants must have documented
complete remission for enroliment into NRG (GOG) 0225. Patients who are alive with no
documentation of disease at the time of analysis will be censored at the date of last disease
assessment. Disease progression is defined as increasing clinical, radiological or histological
evidence of disease since study entry. Progression can also be indicated by 2 serum CA-125
measurements =2 times the upper limits of normal (ULN), or twice the nadir value in
absence of normalization, performed at least 1 week apart. In the event of increasing
symptoms and no elevation of CA-125, a CT scan or MRI with contrast is performed to
evaluate progression.

Secondary outcomes designated in the protocol include change in QoL by treatment arm
over 24 months as assessed by RAND-36 [42] with particular interest in physical
functioning, pain, vitality/energy, social functioning, general health and role limitations due
to physical and mental health, and emotional problems. The RAND-36 is administered by
clinic-based, designated/trained study personnel at baseline and every 3 months throughout
the trial. Additionally, the effect of treatment assignment on bowel function is assessed using
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the validated instrument, Gastrointestinal Symptom Rating Scale - Irritable Bowel Syndrome
(GSRS-IBS) [43]. Overall Survival (OS) also is a secondary outcome. OS is defined as the
time from entry to death due to any cause. Patients who are alive at the time of analysis will
be censored on their date of last contact (regardless of whether or not this contact is on a
subsequent protocol).

3.1. Study assessments

The study protocol includes several assessments beyond those collected as primary and
secondary outcomes including self-report and objective measures. Table 2 lists the specific
measures collected along with the protocol-specified time points for data collection. The
baseline questionnaire ascertains information on study variables that have been postulated to
act as confounders or effect modifiers on diet, activity and/or PFS that may influence the
final analysis. These include, but are not limited to weight history, smoking/tobacco use,
cancer therapies, reproductive history, use of select medications and medical history.

3.2. Self-report questionnaires of health behaviors and quality of life

In addition to the baseline health questionnaire that is collected in a modified form during
follow up, the study participants also complete study-designated questionnaires to track the
targeted health behaviors (diet and physical activity). Diet is assessed by the validated, self-
report, 153-item Arizona Food Frequency Questionnaire [44] that was administered in a
similar trial previously conducted in breast cancer survivors [45]. Physical activity is
assessed by self-report at baseline, 6, 12 and 24 months using the validated Arizona Activity
Frequency Questionnaire [46] which includes the updated Metabolic Equivalents for
activities [47].

Other self-reported data collection includes the Pittsburgh Sleep Quality Index (PSQI), a 19-
item questionnaire used to quantify sleep duration, disturbance, latency, efficiency, quality,
daytime dysfunction and sleep medication use [48]. This validated questionnaire was added
to the protocol early on as advancing evidence suggested a link between sleep and cancer as
well as a potential influence on diet, activity and bodyweight. This is the one questionnaire
collected by telephone by trained personnel at the Behavioral Measurements and
Interventions Shared Resource of the UA Cancer Center. Additionally, during regularly
scheduled clinic visits, each study participant completes standardized questionnaires related
to general QoL (as measured by the General Health subscale of RAND-36 [42]), physical
and bowel functioning (as measured by the Physical Functioning subscale of RAND-36
[42]) and the Gastrointestinal Symptom Rating Scale (GSRS-1BS) [43], measures expected
to be modified differentially between the study groups.

3.3. Objective physical activity assessment

Self-report physical activity has shown modest, but not ideal, correlations with objective
measures [49]. In an effort to improve on self-reported assessments as is suggested for
cancer survivorship research [50, 51], this study applies accelerometry as an objective
measurement of activity. Accelerometry affords an opportunity to quantify activity in
relation to frequency, intensity and sedentary time [52]. As of July 30, 2015, all prospective
trial enrollees (an estimated 500 participants; 250 intervention and 250 control women) are
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requested to wear accelerometers (Actigraph GT9X) on their waist for 7 consecutive days
including time spent sleeping at baseline, 6, 12 and 24 months. Accelerometers are mailed to
participants along with written instructions and an instructional video developed for use by
LIVES trial participants. Valid wear time is 10 h/day for at least 4 of the 7 days of
assessment [53]. Re-wears are implemented only if the equipment is lost or malfunctions;
however, on-going monitoring of accelerometer wear allows the study coordinator to reach
out to participants to problem solve and promote wear daily. Accelerometer readings will be
assessed using 60-second epochs and established Freedson cut-points to define intensity
domains: light (<1952 counts per minute (cpm)), moderate (1952-5724 cpm), and vigorous
(>5725 cpm) activity [54], Number of minutes spent in MVPA in bouts of 210 min [55,56]
and sedentary time (<100 cpm) [57] also will be applied for data analysis [54, 58,59]
assessing differences within and between treatment groups over time. Non-wear will be
defined by intervals of at least 60 min of zero activity counts [55]. Data collection by
accelerometry corresponds temporally with biosample collections and self-reported
measures of physical activity.

3.4. Bio-samples

Blood sampling for the LIVES trial is performed at baseline, 6, 12 and 24 months on all
participants consenting to complete; an estimated 90% of enrolled women to date. These
bio-samples (serum and plasma) are designated for use in evaluating plasma carotenoids as
an indicator of fruit and vegetable intake [60], as well several mechanistic biomarkers
known to be either modified by diet and/or physical activity interventions (insulin, glucose,
lipids) [14,61] and/or biomarkers for which evidence exists to suggest the biomarkers may
have prognostic value for ovarian cancer (IL-6, omentin) [62—-65]. In addition, in a random
sub-sample of women DNA is being isolated from whole blood to assess telomere length
and change in telomere length by treatment group over time. All samples are to be collected
in the fasting state, processed according to study protocols and shipped to the NRG
centralized biobank for long-term storage using standardized procedures.

3.5. Anthropometrics

Each participant completes physical measurements in the study clinic at baseline and every 3
months. These measures are collected by trained clinic personnel using standardized
methodologies [66]. These assessments include height in centimeters and weight in
kilograms as measured using standardized, calibrated beam scales. Waist circumference is
also measured to the nearest centimeters, under clothing, using the study-provided Gulick Il
measurement tape and following standardized methods for which all study personnel
complete a video-directed training on the correct procedure.

3.6. Compliance score

A priori compliance score was developed for application in this lifestyle behavior trial based
on prior evidence that 1) compliance to diet and physical activity interventions can vary
widely for individuals enrolled in cancer survivor intervention trials and 2) compliance is
likely to influence the effect size achieved between treatment group and ultimately could
impact if the intervention modifies PFS as hypothesized. The compliance score is calculated
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based on self-report measures of intake (fat, fruit, vegetables) and physical activity (mean
daily steps); each relative to the specific behavioral goals of the intervention.

4. Data analysis plan

The primary analysis for the treatment effect on PFS will be based on a Log rank test
stratified by stage of disease (Il and Il vs. 1) and consolidation therapy (yes or no). The
primary analysis will be supported by the intent to treat (ITT) patient set, including all
patients enrolled on the study and their randomized treatment assignment. Multivariable Cox
regression models will be used to estimate the hazard ratio and confidence interval while
adjusting for baseline covariates. Similar methods will be used to explore possible time
dependency of the intervention effect, and moderating factors that impact the efficacy of the
intervention.

Additional exploratory analyses will consider the cumulative incidence functions for the
components of the PFS endpoint across treatment arms, the effect of the intervention on
changes in self-reported diet and exercise, and how these changes relate to more objective
indicators of life style changes (including accelerometer readings and visceral adiposity
measurements). The effects of these intervening factors on PFS can be considered using Path
Analysis methods, and described using multivariable models appropriate to the endpoint.

4.1. Sample size

The NRG (GOG) has extensive clinical trial experience with women who are eligible for the
LIVES study. The study was designed to have 80% power to detect a PFS hazard ratio of
0.80 or less in the intervention group (ref: control), using a Log rank test with 2-sided
significance threshold of 0.05. The final analysis will be completed when 857 [67] PFS
events are observed. The event target accounts for an annual loss to follow-up rate of 1%,
and noncompliance rates of 5% in each group. Median PFS in the control group was
estimated to be 18 months using data from previous clinical trials in similar patient
populations. Assuming exponentially distributed PFS times, a 0.80 hazard ratio corresponds
to a median PFS of 22.5 months in the intervention group, a clinically meaningful delay of
4.5 months.

One interim analysis for efficacy will be performed using an O’Brien-Fleming [68] group
sequential boundary function, after approximately 50% of the expected events have
occurred. If the null hypothesis of no intervention effect can be rejected at the 0.003 level,
early termination of the study will be considered.

Participants are expected to accrue to the study for 5 years. After completion of the protocol
intervention, participants are followed for an additional five years to collect disease
progression and survival information. A total of 1200 participants will be accrued, of which
1070 are expected to be available for the final analysis.
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5. Discussion

The LIVES trial will be the largest lifestyle intervention trial ever undertaken in ovarian
cancer survivors. It builds on current more generalized clinical recommendations for diet
and physical activity after a diagnosis of cancer [69] testing the role of lifestyle behavior
change in modifying PFS for a highly recalcitrant disease. In order to test these approaches
in a timely manner the trial is being conducted in the setting of a large cooperative group. To
assure protocol fidelity, particularly in relation to the intervention, all behavior modification
is delivered centrally by trained health coaches using a predominantly telephone
communication approach, but one that is complemented with email and SMS. The approach,
should it prove to be effective in increasing PFS in ovarian cancer survivors, is economically
scalable for wider application in the survivorship setting. Notably, the trial design and
protocol has been recently expanded with supplemental funding from the. Notably the trial
design and protocol have been recently expanded with supplemental funding from the
National Cancer Institute to include disease-relevant biomarkers. These biomarkers include
metabolic (glucose and insulin), inflammatory (interleukin-6 and C-reactive protein) and a
novel marker, omentin, which has been previously shown to correlate to central adiposity
and ovarian cancer risk in an animal model [65]. These biomarkers will inform on the
underlying mechanisms of diet and activity bioactivity in relation to disease progression and
were selected based upon evidence suggesting a relationship with cancer survival and/or
health effects demonstrated in relation to diet and physical activity exposures.

Similar to other large scale multi-site behavior trials, LIVES is not without challenges and
limitations. Perhaps most limiting is the potential for selection bias when relatively healthy
patients choose to enroll in the LIVES trial. This bias referred to as the “healthy volunteer
effect”, is described in the literature [70], and has been demonstrated in trials of female
cancer survivors participating in other lifestyle interventions [71]. In an effort to reduce
selection bias, approved NRG clinics are encouraged to solicit all eligible patients and
monthly conference calls are conducted with the Principal Investigator and study
coordinator, providing an opportunity to engage and troubleshoot with clinics to identify
barriers to enrollment.

Beyond the usual barriers of adopting a healthier lifestyle, ovarian cancer survivors present
with a unique set of treatment related symptoms that pose additional challenges for the
participant and coach to work through together. Treatment for ovarian cancer is rigorous,
including extensive surgery with a minimum of 6 cycles of taxane-based chemotherapy [72].
Women frequently report chemotherapy induced neuropathy in their hands and feet, making
it difficult to engage in physical activity. The incorporation of more activity is further
complicated by the experience of chemo-related fatigue, as it is a frequently reported
symptom. Many women undergo bowel resection and are left with temporary (reversible) or
permanent ostomy. Further, resections often leave the gastrointestinal tract with scar tissue
leading to irregular bowels and at times may result in obstruction. In fact one of the most
common and detrimental complications of ovarian cancer treatment is bowel obstruction
[73]. These side effects necessitate the role of the coach and highlight the importance of
individual tailoring to support the patient in order to facilitate optimal behavior change.
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Cooperative groups, such as NRG, are advantageous for conducting intervention trials in
rarer cancers, such as ovarian cancer allowing for rapid and diverse enrollment into clinical
trials. However, protocols take time to approve and funding is generally limited to only the
clinic site for patient related study activities. This leaves researchers to identify funds for
delivery of the actual intervention. The initial presentation of the study design for LIVES
began in 2007, with the inaugural participant enrolled in September 2012. Preliminary
funding for the delivery of the intervention originated from advocacy groups including Up
the Volume, the West Valley Ovarian Cancer Alliance and the National Ovarian Cancer
Coalition. The Biomarker, Imaging and Quality of Life Studies Funding Program (BIQSFP)
through the National Cancer Institute provided monies for initial bio-specimen collection
kits as well as carotenoid analysis. Future collaborative group efforts should focus on the
sustainability of funding efforts to ensure the goals of the study are achieved.

6. Conclusion

This trial will inform on the role of diet and physical activity in ovarian cancer PFS. This
study is among only a few lifestyle behavioral intervention trials to date targeting this highly
lethal disease. The comprehensive measurement of intervention fidelity in relation to
coaching protocols and participant changes in diet and physical activity behaviors
strengthens the study design and the final interpretation of the lifestyle effect on outcomes.
The inclusion of disease-specific and QoL measurements assures a comprehensive
assessment of health-related effects of lifestyle after ovarian cancer treatment. Further, the
collection of biological specimens in LIVES will allow for exploration into plausible
mechanistic underpinnings between lifestyle, symptoms and progression of disease. LIVES
represents a novel, high impact and pivotal trial to build evidence-based recommendations
for modifying PFS and QoL for women completing ovarian cancer therapy.
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Lifestyle Intervention for Ovarian Cancer Enhanced Survival (LIVES) study design.
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Table 1

Baseline characteristics of n = 781 LIVES trial participants (through 6/1/16).

Characteristic Number (n) and percent (%)
Age

21-40y 21 (2.7%)
41-50y 124(15.9%)
51-60 y 247 (31.6%)
61-70y 285 (36.5%)
71-80y 101 (12.9%)
>80y 3 (0.4%)
Education

<High school 22 (2.8%)
High school 116(14.9%)
Some college 220 (28.2%)
College degree 423 (54.2%)
Race/ethnicity

Non-Hispanic White 679 (86.9%)
Non-Hispanic Black 37 (4.7%)
Asian (non-Hispanic) 13 (1.7%)
Native American 9 (1.2%)
Hispanic 38 (4.9%)
[Missing] 5 (0.6%)
Body mass Index (BMI)

<20 9 (1.2%)

20-24.9 kg/m?
25-29.9 kg/m?

277 (35.5%)
250 (32.0%)

30-34.9 kg/m? 145 (18.6%)
> 35 kg/m? 99 (12.7%)
[Missing] 1(0.1%)
Smoking status (self-report)

Current 79(10.1%)
Past 209 (26.8%)
Never 492 (63.0%)
[Missing] 1(0.2%)
Stage of disease (medical record)

| 0

I 121(15.5%)
m 554 (70.9%)
v 106(13.6%)

Consolidation therapy (medical record)

Yes
No

191 (24.5%)
590 (75.5%)
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Characteristic

Number (n) and percent (%)

History of chronic disease (self-report)

Cardiovascular disease 286 (36.6%)
Diabetes (non-insulin treated) 47 (6.0%)
Hypertension 276 (35.3%)
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LIVES study-related assessments and interventions by treatment group.

Table 2

On-going study activity

Intervention group

Attention control group

Enroliment
Questionnaire

Questionnaires
(RAND-36/GSRS-IBS,
Food Frequency
Questionnaire, Activity
Questionnaire,
Pittsburgh Sleep
Quality Index)

Anthropometrics: height,
weight, waist
circumference

Blood sampling

Study contact

Retention efforts

Actigraph
Accelerometry for 7 days

Baseline

Baseling, 6, 12 and 24
months

Baseline, and every 3
months

Baseling, 6, 12 and 24
months

Lifestyle coaching <physical
activity + diet goals > 0-24
months, 33 contacts by
telephone (2/week for 4
weeks, 1/week for 2 weeks,
1/month for 12 months, and
then every other month

until study completion); 156
SMS messages; prn email

Quarterly incentive and
newsletter

Sub-sample at baseline, 6,12
and 24 months (n = 250)

Baseline

Baseline, 6, 12 and 24
months

Baseline and every 3
months

Baseline, 6, 12 and 24
months

General health
education (22 contacts
by telephone (1/week
for 4 weeks, 1/month
for 12 months, and then
every other month until
study completion); 156
SMS messages; prn
email)

Quarterly incentive and
newsletter

Sub-sample at baseline,
6,12 and 24 months (n
=250)
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