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Abstract
Background: Given the substantial improvements in cancer screening and cancer treatment in the United States, millions of
adult cancer survivors live for years following their initial cancer diagnosis and treatment. However, latent side effects can occur
and some symptoms can be alleviated or managed effectively via changes in lifestyle behaviors.
Objective: The purpose of this study was to test the effectiveness of a six-week Web-based multiple health behavior change
program for adult survivors.
Methods: Participants (n=352) were recruited from oncology clinics, a tumor registry, as well as through online mechanisms,
such as Facebook and the Association of Cancer Online Resources (ACOR). Cancer survivors were eligible if they had completed
their primary cancer treatment from 4 weeks to 5 years before enrollment. Participants were randomly assigned to the Web-based
program or a delayed-treatment control condition.
Results: In total, 303 survivors completed the follow-up survey (six months after completion of the baseline survey) and
participants in the Web-based intervention condition had significantly greater reductions in insomnia and greater increases in
minutes per week of vigorous exercise and stretching compared to controls. There were no significant changes in fruit and
vegetable consumption or other outcomes.
Conclusions: The Web-based intervention impacted insomnia and exercise; however, a majority of the sample met or exceeded
national recommendations for health behaviors and were not suffering from depression or fatigue at baseline. Thus, the survivors
were very healthy and well-adjusted upon entry and their ability to make substantial health behavior changes may have been
limited. Future work is discussed, with emphasis placed on ways in which Web-based interventions can be more specifically
analyzed for benefit, such as in regard to social networking.
Trial Registration: Clinicaltrials.gov NCT00962494; http://www.clinicaltrials.gov/ct2/show/NCT00962494 (Archived by
WebCite at http://www.webcitation.org/6NIv8Dc6Q).
(J Med Internet Res 2014;16(2):e54) doi: 10.2196/jmir.3020
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Introduction
In the United States, there are currently more than 12 million
people who have survived cancer [1]. The rise in this number
over recent years is an accomplishment and can be attributed,
in large part, to better screening and treatment. However,
physical and psychological sequelae may persist after treatment
leading to chronic latent side effects, with survivors reporting
symptoms that occur 12 months or longer post treatment [2,3].
Cancer-related fatigue is the most persistent side effect
regardless of tumor or treatment type [4]. Fatigue and other side
effects (eg, edema, pain) can also lead to depression and anxiety
[5]. After recovering from months of cancer therapy or surgeries,
many cancer survivors want to not only return to their previous
lifestyle but often have an interest in making positive changes
in their health and quality of life. The point in time where this
interest occurs has been coined a “teachable moment” [6,7] and
can serve as an opportune time to introduce health behavior
change strategies regardless of the type of cancer, stage at
diagnosis, or the presence of late effects.
Having good social support has been linked to better health
outcomes and quality of life in cancer survivors [8-11]. Despite
these developments, health behavior change interventions for
cancer survivors are seldom conducted in a group setting where
social support from other survivors is encouraged. Interventions
that include a social support component (eg, support groups)
are much more prevalent, especially when the intervention is
focused on psychosocial behavior change (eg, anxiety and
depression) [12,13]. Such psychosocial interventions have
shown that interacting with other cancer survivors is strongly
related to better adjustment in terms of mood and quality of life
[14]; thus, such interactions might also facilitate changes in
health behaviors.
Since more than 83% of adults aged 50-64 and 56% of adults
aged 65 and over have access to high-speed Internet connections
via computers, laptops, and smartphones [15], and due to the
somewhat anonymous nature of online cancer survivors’ support
groups, online venues have become appealing to adult cancer
survivors. However, the impact of Web-based multiple health
behavior change interventions tailored to cancer survivors has
been limited. Some of the first online research was conducted
by Gustafson and colleagues [16] and suggested that
computer-based programs focused on specific physical or
psychological symptoms could lead to improvements in those
symptoms. Some of the initial work consisted largely of
transferring the content of workbooks to an online format with
very little interactivity or interaction between survivors [17].
Some Web-based distress management interventions have been
associated with benefit in terms of mood, perceived stress, and
cancer-related trauma [13,18], while other interventions have
similar results for both face-to-face and online interventions
with the same content (eg, sexual counseling following prostate
cancer treatment) [19], with one study demonstrating a negative
impact [20] on distress and quality of life.
http://www.jmir.org/2014/2/e54/
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Recent Web-based interventions designed to change health
behaviors vary substantially in terms of their design, online
features, and length of follow-up. Such differences in online
features can make comparisons between the results from these
interventions difficult. Some Web-based interventions have a
social networking component [18] while other interventions
serve as more of an online repository for information [21]. The
length of interventions also vary greatly, with some interventions
being short and structured [21], while others are much longer
[22]. In addition to differing lengths of intervention trials for
cancer survivors, most trials include participants with one type
of cancer [13,18,21,23], while few trials have brought together
people with a range of cancer types [22]. There has been a
limited amount of research focusing on people with a range of
cancer types or multiple health behaviors.
The Chronic Disease Self-Management Program (CDSMP) was
developed for people with chronic conditions and focuses on
multiple health behaviors. Because the population is
heterogeneous, there is no expectation that all participants will
make similar behavior changes. This program has been shown
to be effective across numerous health conditions (eg, diabetes,
arthritis) and across multiple formats (face-to-face groups and
online groups) [24,25]. More detailed description is provided
in the Methods section, but key components include: Action
Planning, Problem Solving, Decision Making, and
Self-Tailoring. CDSMP is facilitated by two trained peer
facilitators, one or both of whom have experienced a chronic
disease. Facilitators read every post or “comment” made by a
course participant, stimulate peer-to-peer interactions, and
personally advise participants about how to set realistic,
confidence-building health behavior goals. This format allows
for peer interaction as well as structured facilitation. In order
to examine whether the CDSMP intervention would also be
effective for cancer survivors, CDSMP was adapted for cancer
survivors to create the “Surviving and Thriving with Cancer”
(STC) intervention.
The STC trial tested the effectiveness of a tailored Web-based
intervention to encourage multiple health behavior changes in
post-treatment adult cancer survivors. In order to maintain
consistency with the CDSMP, in addition to being variables of
importance for cancer survivors, diet, exercise, depression, and
fatigue were chosen as our outcomes of interest. We
hypothesized that participants in the STC treatment condition
would show six-month improvements in psychosocial symptoms
including fatigue, insomnia, and depression, and would also
report eating significantly more servings per day of fruits and
vegetables when compared with participants in the wait-list
control condition. We also hypothesized that participants in
STC would report significantly more minutes of physical activity
per week compared to controls.
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Methods

and other side effects associated with post-treatment recovery
were added to the program.

Participants

Each cohort (group) consisted of approximately 20-25 survivors,
with a total of nine cohorts. Each session of the six-week course
included approximately 30-35 webpages of didactic material
(in the “Learning Center” of the STC) that is geared towards
skills building, information about specific content, and the
encouragement of weekly action plans to build self-efficacy.
Examples of content include improving diet by making healthier
food choices, increasing exercise, stress management via
relaxation training, improving communication with health care
providers, processing and communicating emotional experiences
to people inside of one’s existing social network, as well as
group members, and fatigue management. More details of
weekly topics can be found in Figure 1. At the end of each
weekly educational session, users were invited to identify a
health behavior they would like to change and were guided, in
both the didactic materials, as well as by facilitators on how to
set realistic, achievable goals, which were called action plans.
These weekly action plans were posted on the “Discussion
Center” (see below) and facilitators provided feedback and help.
Participants were prompted both in the middle and at the end
of a given week, via an automated message, to update the group
on their progress as well as provide feedback to other group
members.

Eligibility requirements for the STC trial were intentionally
broad and included age (18 years of age or older), completion
of primary treatment at least four weeks prior, but not more
than 5 years before joining the study, diagnosis with only one
cancer and no recurrence, access to the Internet, and ability to
read English.

Recruitment
Potential participants were recruited via a number of different
online and mailed strategies [26]. Recruitment at Stanford
University was primarily conducted through online recruitment
efforts, and in Hawaii, initial recruitment efforts focused on
clinic-based recruitment in oncology offices on the island of
Oahu, Tripler Army Medical Center (TAMC), and mailed
recruitment letters to cancer survivors identified in the Tumor
Registry at TAMC. However, in order to increase enrollment,
recruitment methods were shifted to online nationwide
recruitment via social networks used primarily by cancer
survivors (Facebook, eg, “Throat Cancer Awareness”),
Association of Cancer Online Resources (ACOR), and CURE
print and digital magazine. Administrators of these various
online sources were contacted and asked about willingness to
post recruitment messages for their members. These messages
invited interested people to learn more on the STC website.
Approximately 60% (59.9%, 211/352) of the sample was
recruited from these cancer-specific social media channels.

Study Design
We used a randomized controlled delayed-treatment design
(NCT00962494). Participants were directed to the STC website
and screened for eligibility and then completed an online consent
approved by the University of Hawaii and Stanford Institutional
Review Boards (IRB). Participants from TAMC completed a
mailed consent form that was approved by the military IRB.
Once consented, participants completed an online baseline
questionnaire and were then randomized to treatment or control
status. Randomization was conducted on a group-by-group
basis. Once 40 to 50 participants had completed their baseline
questionnaire, they were numbered in the order of completion
and then randomized, using a random number table, half to
treatment and half to wait-list control. All participants received
a US $10.00 Amazon voucher for completing each
questionnaire.

Intervention
The STC intervention was a six-week online workshop that was
adapted from CDSMP [24], a patient education course adopting
the underlying principle that people with similar health
conditions can help each other improve their health behaviors.
To create the STC program, a Web-based version of CDSMP
was adapted to be more relevant for cancer survivors. The
CDSMP’s modules on healthy eating were modified for cancer
survivors living in Hawaii by adding foods that are commonly
eaten in Hawaii, and modules on the changes in body, sleep,
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Each group had two facilitators who were cancer survivors. The
facilitators went through intensive online training about both
the content of the intervention materials as well as how to
respond to users’ comments and goals. They were mentored by
the principal investigators, who during the course of the
intervention also read all posts and gave feedback and help to
the facilitators as needed.
The STC intervention website contained numerous unique
components. The most crucial components were the “Discussion
Center”, “My Tools”, “Post Office”, and “Help”. The Discussion
Center feature of the website is where social networking
occurred and survivors were encouraged to provide feedback
and encouragement to each other. This was accomplished in
four threaded bulletin boards: action planning, problem solving,
difficult emotions, and celebrations. As discussed above, these
were seeded from the materials in the Learning Center. In
addition, participants could post directly to any of the four
bulletin boards at any time. The My Tools component of the
program allowed participants to use tools (eg, exercise logs) to
help continue to shape their behavior on an individual basis.
They could also listen to relaxation exercises and find links to
resources outside of this intervention. The Post Office
component allowed participants to message each other
individually, including emailing the facilitators. While
facilitators, mentors, and principal investigators had access to
all posted messages, they were not specifically monitored as a
way to ensure some level of confidentiality. In the Help
component, participants could contact one of the website or
study administrators for assistance, look over a tutorial of the
website, and read the informed consent.
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Figure 1. Topics included in the Surviving and Thriving with Cancer Intervention.

Data Collection
Survey data were collected at two time points: baseline and six
months later. Although it is typical to survey participants
immediately after completion of the intervention, the goal in
waiting was to see if any changes following the intervention
were maintained. The delayed treatment control condition
received no information or materials over this period.

Measures
Demographic and previous medical history items on the baseline
questionnaire included: type and stage of cancer, date of
diagnosis, course of treatment, co-morbidities, race/ethnicity,
http://www.jmir.org/2014/2/e54/
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gender, marital status, and years of education. Measures were
included to measure the following: fatigue, insomnia, exercise,
fruit and vegetable intake, and depression. The Brief Fatigue
Inventory (BFI) is a 15-item measure that was used to measure
fatigue. It assesses both the severity of fatigue and the impact
of fatigue on daily functioning during the last 24-hour period
[27]. To measure insomnia, the 5-item validated Women’s
Health Initiative Insomnia Rating Scale (WHIIRS) [28] was
used. This measures how often, on a 5-point scale (from “no,
not in the past 4 weeks” to “yes, 5 or more times a week), the
participant experiences trouble falling or staying asleep. The
Godin Exercise Questionnaire was used to assess minutes per
week of exercise in the categories of mild, moderate, and
J Med Internet Res 2014 | vol. 16 | iss. 2 | e54 | p. 4
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vigorous [29]. The Block Food Frequency Questionnaire [30]
was used to identify how many fruits and vegetables were eaten
in the previous week and the number of servings were counted
to represent the total fruit and vegetable consumption. The
Patient Health Questionnaire (PHQ-8) was used to measure
depression. This 8-item measure asks individuals to rate how
much, on a 4-point scale (with options ranging from “not at all”
to “nearly every day”), a given DSM diagnostic criteria for
depression is perceived [31].

Statistical Analysis
Baseline characteristics were reported as percentages for
categorical variables and means and standard deviations for
continuous variables. Differences between participants
randomized to the control and intervention conditions were
assessed using chi-square tests for categorical variables and t
test for continuous variables. The primary analyses compared
change from baseline to 6 months in the two conditions for the
following outcome measures: fatigue, insomnia, minutes per
week of physical activity (categorized as strenuous plus
moderate aerobic, strenuous aerobic, moderate aerobic, mild
aerobic, and stretching), servings of fruits and vegetables eaten
per week, and depression. The physical activity outcome
measures were transformed as (Y+1) to the 0.25 power, based
on the Box-Cox method [31], to better meet model assumptions;
all other outcomes were examined without transformation.
Mixed linear models, including a random intercept term for
each participant, were used to estimate and compare differences
in outcomes over time between conditions. A second set of
analyses was performed for the physical activity outcomes to
address the many zero values reported by participants. A
mixed-distribution model with random effects was used for
these outcomes, simultaneously fitting a model for the
probability of a value greater than zero and a model for the mean
of values greater than zero [32]. The treatment effect was
assessed by the F test of the fixed interaction parameter for time
and intervention group. The effect size was computed by taking
the differences between the means of the predicted values from
the adjusted model at 6 months, divided by the standard
deviation for the difference calculated from the within and
between subject variance components. Models were adjusted
for covariates selected a priori as likely to be related to the
outcomes measures in this population. Adjustment variables
included: age (continuous), race (white, nonwhite), gender,
marital status (married, not married), smoking status (current,
former, never), highest year of school completed (continuous),
site of cancer diagnosis (breast, all others), cancer stage (in situ,
stage 1, stage 2, stage 3, stage 4, unknown), and years since
cancer was diagnosed. Subgroup analysis was performed by
including a three-way interaction term between years since
cancer diagnosis (≤2 or >2 years), condition group, and time,
with all two-way interactions terms included. Model results are
presented as means and 95% CIs of the predicted values
obtained from the models.
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Roughly 14% (13.9%, 49/352) of participants who were
randomized did not provide any data at 6 months, which did
not differ by condition (11.4%, 20/176 and 16.5%, 29/176) for
control and intervention, respectively). To address attrition,
correlates of attrition were identified using a logistic model
regressing status (participants with data at 6 months vs
participants with no 6-month data) onto baseline characteristics
(same as adjustment variables listed above), condition group,
and the presence of long term health conditions [including
anxiety (yes, no), arthritis (yes, no), asthma (yes, no), back pain
(yes, no), COPD (yes, no), depression (yes, no), diabetes (yes,
no), high blood pressure (yes, no), heart disease (yes, no), sleep
disorder (yes, no), and other (yes, no )], with a stepwise selection
method.
Analyses were conducted using SAS, version 9.2. P values were
two-sided and P<.05 was considered statistically significant.

Results
Participants
Recruitment strategies are discussed in detail elsewhere [26].
Briefly, 60% (59.9%, 211/352) of the interested participants
were recruited from online social networking sites, the rest were
recruited from physician offices, a tumor registry attached to
Tripler Army Medical Center, and a survivorship clinic on Oahu.
Figure 2 provides the CONSORT recruitment diagram for the
study (also see Multimedia Appendix 1 for details). Overall,
623 people were screened for eligibility, 352 people completed
baseline measures, and 303 completed follow-up measures
(n=156 in treatment condition; n=147 in control condition; see
Figure 2 for details). In testing for predictors of dropout, less
education (OR 0.84, 95% CI 0.75-0.95, per one year increase)
and having long-term back pain (OR 2.31, 95% CI 1.13-4.75)
was associated with dropout between baseline and 6 month
follow-up.
The majority of participants were Caucasian (87.2%, 307/352)
and female (82.1%, 289/352), having a mean age of 51 years
(SD 11.2) and mean education level of 16 years (SD 2.9); 47.4%
(167/352) were diagnosed with breast cancer and another 12.8%
(45/352) of participants were given either an ovarian or uterine
cancer diagnosis. Baseline characteristics of participants in the
control and intervention groups are shown in Table 1. With the
exception of age, no significant differences were found among
the two groups. Additionally, there were no significant
differences between the control and treatment groups on all
outcomes measures at baseline. Participants in both groups
reported mild levels of fatigue (mean scores of about 40 on the
BFI), insomnia (mean scores of 9.6 on the WHIIRS), and were
engaging in moderate plus strenuous activity with median values
of 1.5 to 2 hours per week. Participants also reported eating, on
average, 23 servings of fruit and vegetables each week.
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Figure 2. CONSORT recruitment diagram.

Website Use
In regard to general use of the site, the mean number of sessions
ever attended (logged on at least once) was 5.3 (SD 1.28) with
the range being 0-6, and 67.0% (203/303) of participants
attended all six sessions, with 86.8% (263/303) attending 4 or
more sessions. There were 8016 total posts by treatment
participants for an average of 46 posts per participant over the
six-week intervention period.

Health Behavior Impact
Results for changes in health behaviors/psychosocial outcomes
are reported in Table 2. Significant interactions between
condition group and time were found for insomnia, strenuous
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exercise, and stretching exercise. The intervention group
experienced an improvement from baseline to 6 months
compared to the control group: reduced insomnia (9.6 to 9.2
compared to 9.6 to 10.1, P=.03), increased strenuous exercise
(32 to 51 min/wk compared to a steady 29 min/wk, P=.01), and
increased stretching (31 to 46 min/wk compared to 26 to 25
min/wk, P=.01). In the subgroup analyses looking at differences
between survivors with diagnoses ≤ 2 and >2 years prior to
enrollment, there were no significant differences, although there
were suggested trends seen for both insomnia (P=.07) and
depression (P=.09), such that people who were greater than 2
years post treatment improved slightly more on those measures
(data not shown).
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Table 1. Baseline characteristics of study population.
Characteristic

Control group,

Intervention group,

(n=176),

(n=176),

n (%)

n (%)

Age, mean (SD)

49.3 (11.0)

52.4 (11.0)

.008

Female

148 (84.1)

141 (80.1)

.33

Race

P

.84
Caucasian

150 (85.2)

157 (89.2)

Asian

9 (5.1)

8 (4.6)

African American

4 (2.3)

2 (1.1)

American Indian/Alaskan Native

3 (1.7)

2 (1.1)

Native Hawaiian/Pacific Islander

3 (1.7)

1 (0.6)

Other

7 (4.0)

6 (3.4)

Married

122 (69.3)

109 (61.9)

.14

Highest year education attained, mean (SD)

16.5 (3.1)

16.3 (2.8)

.62

Smoking status

Type of cancer diagnosed

.43
Current

4 (2.3)

7 (4.0)

Former

57 (32.4)

64 (36.4)

Never

115 (65.3)

105 (59.7)

a

.70
Breast

84 (47.7)

83 (47.2)

Endometrium/Uterine/Ovarian

23 (13.1)

22 (12.5)

Non-Hodgkins Lymphoma

13 (7.4)

7 (4.0)

Colorectal

11 (6.5)

11 (6.5)

Lung

7 (4.0)

8 (4.6)

Thyroid

6 (3.4)

8 (4.6)

Oral

6 (3.4)

5 (2.8)

Stage of cancer

.96
In situ

9 (5.1)

7 (4.0)

Stage 1

45 (25.6)

45 (25.6)

Stage 2

52 (29.6)

55 (31.3)

Stage 3

37 (21.0)

41 (23.3)

Stage 4

16 (9.1)

13 (7.4)

Unknown

17 (9.7)

15 (8.5)

Number of years since cancer diagnosed, mean (SD)

2.5 (1.3)

2.4 (1.4)

.41

Number of years since treatment completed, mean (SD)

1.9 (1.2)

1.7 (1.2)

.09

High blood pressure

31 (17.6)

34 (19.3)

.68

Depression

32 (18.2)

29 (16.5)

.67

Back pain

25 (14.2)

29 (16.5)

.55

Anxiety

29 (16.5)

23 (13.1)

.37

Arthritis

18 (10.2)

27 (15.3)

.15

Sleep disorder

18 (10.2)

12 (6.8)

.25

Asthma

13 (7.4)

13 (7.4)

1.0

Prevalence of long-term health conditions
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Characteristic

Control group,

Intervention group,

(n=176),

(n=176),

P

n (%)

n (%)

Diabetes

9 (5.1)

11 (6.3)

.65

Heart disease

3 (1.7)

8 (4.6)

.13

Emphysema, COPD, chronic bronchitis

3 (1.7)

5 (2.8)

.72

Other

39 (22.2)

39 (22.2)

1.0

a

Sites also reported were oral cavity (n=11), soft tissue (n=11), testicular (n=10), kidney and renal (n=10), and other [n=26, including brain (n=5),
prostate (n=4), eye (n=3)].
Table 2. Mean (95% CI)a of outcome measures from baseline to 6 months by condition group.
Outcome measures

Control group, mean (95% CI)

Intervention group, mean (95% CI)

Pb

Effect size
Month 6c

Baseline

Month 6

Baseline

Month 6

(n=176)

(n=156)

(n=176)

(n=147)

40.8 (38.9-42.8)

40.7 (38.7-42.8)

39.0 (37.0-40.9)

36.4 (34.2-38.5)

.56

.17

9.6 (9.1-10.1)

10.1 (9.6-10.7)

9.6 (9.1-10.1)

9.2 (8.7-9.8)

.03

.20

Depression (PHQ )

7.7 (7.0-8.3)

7.1 (6.4-7.7)

6.5 (5.9-7.1)

6.1 (5.4-6.7)

.69

.19

Fruit/vegetable intake,
times/week

22.7 (21.4-24.1)

23.2 (21.7-24.7)

24.3 (23.1-25.6)

25.9 (24.6-27.3)

.24

.21

Strenuous or moderate
aerobic exercise,
min/week

86.0 (72.3-99.7)

96.2 (79.9-112)

106 (91.1-120)

137 (119-155)

.45

.29

Strenuous aerobic exercise, min/week

29.0 (22.5-35.5)

28.9 (21.8-36.0)

32.0 (25.5-38.5)

50.8 (40.7- 60.9)

.01

.36

Moderate aerobic exercise, min/week

37.0 (30.9-43.2)

45.3 (37.5-53.0)

49.0 (42.2-55.7)

54.1 (46.5- 61.7)

.49

.10

Mild aerobic exercise,
min/week

58.9 (51.5-66.2)

65.0 (56.5-73.6)

56.1 (48.9-63.3)

74.1 (64.2-84.1)

.28

.10

Stretching min/week

25.9 (21.3-30.4)

24.7 (20.0-29.5)

30.5 (25.1-35.8)

45.7 (38.1-53.4)

.01

.12

Fatigue (BFId)
Insomnia (WHIIRSe)
f

a

Adjusted for age, race, sex, marital status, smoking status, education, years since diagnosis, site of cancer diagnosis, cancer stage. For outcomes of
fatigue, insomnia, depression, and fruit/vegetable intake, means and 95% CIs were computed on the predicted values from the model. For outcomes of
physical activity, means and 95% CIs were computed on the back-transformed predicted values (Y4-1), where Y represented the predicted values from
the model.
b

Treatment effect was assessed by the F test of the fixed 2-way interaction parameter for time and condition group.

c

Calculated by taking the differences of the means at 6 months predicted from the model, including adjustment factors, divided by the standard deviation
for the difference computed from the within and between subject variance components.
d

BFI: Brief Fatigue Inventory

e

WHIIRS: Women’s Health Initiative Insomnia Rating Scale

f

PHQ: Patient Health Questionnaire

Discussion
Principal Findings
Participants in the treatment condition had significant reductions
in insomnia and engaged in more strenuous and stretching
exercises than those in the control condition. There is an
established link between sleep disturbance and inflammation,
which can be related to both cancer and depression [33], so
impacting insomnia is a relevant finding. There is only one other
known Web-based exercise and diet intervention for adult cancer
http://www.jmir.org/2014/2/e54/
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survivors [34]. Although outcomes of that study are not yet
available, we have found the current system usable and the
intervention feasible. In regard to face-to-face interventions to
impact exercise for cancer survivors, these have been
demonstrated to be effective [35-37], often times with larger
effect sizes than were demonstrated in this trial. This is crucial
because Web-based interventions have relevance for people
who have physical limitations or are not near facilities that could
offer face-to-face interventions. Health behavior change
interventions are relevant for cancer survivors, so continuing
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to test and refine interventions is imperative in the area of cancer
survivorship.

Limitations
There are some limitations of the current study that should be
noted. We measured health behaviors via self-report and there
may have been over/underestimations of the dietary intake of
fruits and vegetables, as well as physical activity, due to social
desirability or recall bias. Due to significant economic, logistical,
and noncompliance issues that can occur when nationwide
online studies use objective measures for physical activity (eg,
accelerometer) or telephone interviews for dietary intake (eg,
24-hour recall), this study was not able to use these types of
assessments. That being said, self-reported health behaviors are
commonly used for both Web-based and face-to-face trials and
for several national health risk behavior surveys conducted by
the NIH and CDC. Although the study focused on multiple
outcomes, we did not adjust the significance level for multiple
comparisons due to the exploratory nature of the analyses.
Our sample was well-educated and because more than half were
recruited from various Internet sites, they had high levels of
computer literacy and, thus, might be more familiar with posting
their personal experiences on bulletin boards so others could
comment on their success or lack thereof. Participants were not
recruited or screened for entry based on specific inclusion or
exclusion criteria for any specific health behavior (eg, low levels
of physical activity or high levels of fatigue as criteria for
eligibility) or for their inherent motivation/need to change all
of the health behaviors addressed in the intervention. While this
could have resulted in recruiting persons who were the most
interested or more in need of changing a specific health
behavior, in our study, it resulted in participants who were
healthy, very well-adjusted, with little to no need (according to
current recommendations) for significant changes in their health
behaviors. At enrollment, their exercise and eating behaviors
(in regard to intake of fruits and vegetables) were better than
seen in national surveys, given that only 59% of average
Americans eat the recommended 2.5 servings of vegetables per
day and 42% eat the recommended 2.5 servings of fruits per
day [38]. Scores on our depression measure indicate that
participants, as a whole, had no concerns with depression. This
leads to the question of whether we recruited survivors who
were in need of support to improve multiple unhealthy habits,
as well as whether this is one of the primary reasons that
significant changes were not seen on many of the outcomes of
interest (fatigue, depression, and increases in fruit and vegetable
intake). The participants could also choose the behavior they
wanted to change, regardless of their baseline level of that
behavior or “need” to improve it. These factors could have
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contributed to the lack of significant change over the six-month
period on some of the other outcome measures. In addition,
when doing a population study where people enter with different
concerns and a large range of scores on baseline measures, effect
sizes can be muted. With a larger sample size, sensitivity
analyses including only people who were not engaging in the
health behaviors of interest at baseline could be explored. Future
research could take into consideration these issues.
Another potential limitation is in regard to the lack of
participants with a range of cancer types. As has been the case
in the past and was the case with our study, the sample included
a large percentage of female breast cancer survivors (47% of
the sample), suggesting that the sample was more homogenous
and perhaps the findings are less generalizable to people with
other types of cancer. Future efforts for this to be more balanced
are important and will be made in upcoming work. Although
efforts were made to recruit people who would be more
representative of cancer survivors as a whole in regards to
gender, ethnicity, and cancer type, those efforts fell short in this
study and continued efforts will be made.

Conclusions
Web-based interventions provide the ability to more fully
understand the intervention aspects that are of most interest to
cancer survivors, and with many of these interventions including
social networking features, to understand the ways in which
people interact and how that might be related to outcomes.
People who have survived cancer clearly valued the social
networking aspects of the STC site. There were multiple social
networking components, such as webmail and numerous
different discussion boards, so additional analyses could be
conducted to understand what might be most important to the
participants in terms of social networking. Understanding more
about who people interacted with, as well as the content of those
interactions, provides a foundation to more fully understand the
ways in which people connect and how those connections matter
in these sorts of interventions. Continued inclusion of social
networking/online support in these types of interventions, as
well as data collection on usage, is encouraged. Better
understanding how the components included are used could
also be a way to identify potent features of the intervention. It
is important to note, though, that there could be synergistic
effects that are difficult to capture technically when isolating
components of interest. In conclusion, the Thriving and
Surviving with Cancer intervention has been proven a relative
success and additional efforts to understand what components
are related to the most success could help further develop this,
or any, Web-based intervention program.

Acknowledgments
There are many people to thank for their help and involvement with the study. We would first like to thank the participants for
their willingness and interest in the study. We also thank Ross Yamato for his help with online recruitment and thank-you’s to
participants. Thank you to Carolyn Gotay for securing the original funding for the project and to Ian Pagano for his help in some
of the early statistical analyses, as well as Lynne Wilkens for her oversight of the analysis process and her helpful editing of the
manuscript. We would also like to thank the Department of Defense and Stanford Cancer Center for funding this project (Department
of Defense W81XWH-06-2-0042, Developmental Cancer Research Award from Stanford Cancer Center), in addition to all of
the sites that helped with recruitment, including the facilitators of websites that posted our recruitment ad.
http://www.jmir.org/2014/2/e54/

XSL• FO
RenderX

J Med Internet Res 2014 | vol. 16 | iss. 2 | e54 | p. 9
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

O'Carroll Bantum et al

The views expressed in this manuscript are those of the authors and do not reflect the official policy or position of the Department
of the Army, Department of Defense, or US Government.

Conflicts of Interest
KL published the book, Living a Healthy Life With Chronic Conditions, in 2006, which was given to the participants in this study
as an intervention aid. KL receives royalties from this book but has no direct conflicts of interest with this study. All other authors
have no conflicts of interest.

Multimedia Appendix 1
CONSORT-EHEALTH checklist V1.6.2 [39].
[PDF File (Adobe PDF File), 997KB-Multimedia Appendix 1]

References
1.
2.
3.

4.
5.
6.

7.
8.

9.
10.
11.
12.

13.

14.
15.

16.

17.
18.

Parry C, Kent EE, Mariotto AB, Alfano CM, Rowland JH. Cancer survivors: a booming population. Cancer Epidemiol
Biomarkers Prev 2011 Oct;20(10):1996-2005 [FREE Full text] [doi: 10.1158/1055-9965.EPI-11-0729] [Medline: 21980007]
Boivin JF. Second cancers and other late side effects of cancer treatment. A review. Cancer 1990 Feb 1;65(3 Suppl):770-775.
[Medline: 2406000]
Daniëls LA, Oerlemans S, Krol AD, van de Poll-Franse LV, Creutzberg CL. Persisting fatigue in Hodgkin lymphoma
survivors: a systematic review. Ann Hematol 2013 Aug;92(8):1023-1032. [doi: 10.1007/s00277-013-1793-2] [Medline:
23728609]
Bower JE. Prevalence and causes of fatigue after cancer treatment: the next generation of research. J Clin Oncol 2005 Nov
20;23(33):8280-8282. [doi: 10.1200/JCO.2005.08.008] [Medline: 16219929]
Vahdaninia M, Omidvari S, Montazeri A. What do predict anxiety and depression in breast cancer patients? A follow-up
study. Soc Psychiatry Psychiatr Epidemiol 2010 Mar;45(3):355-361. [doi: 10.1007/s00127-009-0068-7] [Medline: 19458878]
Demark-Wahnefried W, Aziz NM, Rowland JH, Pinto BM. Riding the crest of the teachable moment: promoting long-term
health after the diagnosis of cancer. J Clin Oncol 2005 Aug 20;23(24):5814-5830 [FREE Full text] [doi:
10.1200/JCO.2005.01.230] [Medline: 16043830]
Lajous M, Mozaffarian D, Mozaffarian R, Schrag D, Adami HO. Lifestyle prescriptions for cancer survivors and their
communities. J Intern Med 2011 Jan;269(1):88-93. [doi: 10.1111/j.1365-2796.2010.02273.x] [Medline: 21158981]
Lutgendorf SK, De Geest K, Bender D, Ahmed A, Goodheart MJ, Dahmoush L, et al. Social influences on clinical outcomes
of patients with ovarian cancer. J Clin Oncol 2012 Aug 10;30(23):2885-2890 [FREE Full text] [doi:
10.1200/JCO.2011.39.4411] [Medline: 22802321]
Helgeson VS, Snyder P, Seltman H. Psychological and physical adjustment to breast cancer over 4 years: identifying distinct
trajectories of change. Health Psychol 2004 Jan;23(1):3-15. [doi: 10.1037/0278-6133.23.1.3] [Medline: 14756598]
Hoyt MA, Stanton AL. Unmitigated agency, social support, and psychological adjustment in men with cancer. J Pers 2011
Apr;79(2):259-276. [doi: 10.1111/j.1467-6494.2010.00675.x] [Medline: 21395588]
Roland KB, Rodriguez JL, Patterson JR, Trivers KF. A literature review of the social and psychological needs of ovarian
cancer survivors. Psychooncology 2013 Nov;22(11):2408-2418. [doi: 10.1002/pon.3322] [Medline: 23760742]
Classen CC, Kraemer HC, Blasey C, Giese-Davis J, Koopman C, Palesh OG, et al. Supportive-expressive group therapy
for primary breast cancer patients: a randomized prospective multicenter trial. Psychooncology 2008 May;17(5):438-447
[FREE Full text] [doi: 10.1002/pon.1280] [Medline: 17935144]
Winzelberg AJ, Classen C, Alpers GW, Roberts H, Koopman C, Adams RE, et al. Evaluation of an internet support group
for women with primary breast cancer. Cancer 2003 Mar 1;97(5):1164-1173 [FREE Full text] [doi: 10.1002/cncr.11174]
[Medline: 12599221]
Stanton AL, Revenson TA, Tennen H. Health psychology: psychological adjustment to chronic disease. Annu Rev Psychol
2007;58:565-592. [doi: 10.1146/annurev.psych.58.110405.085615] [Medline: 16930096]
Pew Internet.: Pew Research Center and American Life Project Spring Tracking Survey, April 17-May 19, 2013URL: http:/
/www.pewinternet.org/Static-Pages/Trend-Data-(Adults)/Whos-Online.aspx [accessed 2014-02-07] [WebCite Cache ID
6NDZU8gYg]
Gustafson DH, Hawkins RP, Boberg EW, McTavish F, Owens B, Wise M, et al. CHESS: 10 years of research and
development in consumer health informatics for broad populations, including the underserved. Int J Med Inform 2002 Nov
12;65(3):169-177. [Medline: 12414016]
Gustafson DH, Bosworth K. CHESS: providing decision support for reducing health risk behavior and improving access
to health services. Interfaces 1991;21(3):93-104.
Owen JE, Klapow JC, Roth DL, Shuster JL, Bellis J, Meredith R, et al. Randomized pilot of a self-guided internet coping
group for women with early-stage breast cancer. Ann Behav Med 2005 Aug;30(1):54-64. [doi:
10.1207/s15324796abm3001_7] [Medline: 16097906]

http://www.jmir.org/2014/2/e54/

XSL• FO
RenderX

J Med Internet Res 2014 | vol. 16 | iss. 2 | e54 | p. 10
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH
19.

20.

21.
22.

23.

24.

25.
26.

27.
28.
29.
30.
31.
32.
33.
34.

35.

36.

37.

38.

39.

O'Carroll Bantum et al

Schover LR, Canada AL, Yuan Y, Sui D, Neese L, Jenkins R, et al. A randomized trial of internet-based versus traditional
sexual counseling for couples after localized prostate cancer treatment. Cancer 2012 Jan 15;118(2):500-509 [FREE Full
text] [doi: 10.1002/cncr.26308] [Medline: 21953578]
Salzer MS, Palmer SC, Kaplan K, Brusilovskiy E, Ten Have T, Hampshire M, et al. A randomized, controlled study of
Internet peer-to-peer interactions among women newly diagnosed with breast cancer. Psychooncology 2010
Apr;19(4):441-446. [doi: 10.1002/pon.1586] [Medline: 19484712]
Carpenter KM, Stoner SA, Schmitz K, McGregor BA, Doorenbos AZ. An online stress management workbook for breast
cancer. J Behav Med 2012 Dec 2:1. [doi: 10.1007/s10865-012-9481-6] [Medline: 23212928]
Owen JE, Bantum EO, Criswell K, Bazzo J, Gorlick A, Stanton AL. Representativeness of two sampling procedures for
an internet intervention targeting cancer-related distress: a comparison of convenience and registry samples. J Behav Med
2013 May 4:1-12. [doi: 10.1007/s10865-013-9509-6] [Medline: 23645145]
Lepore SJ, Buzaglo JS, Lieberman MA, Golant M, Davey A. Standard versus prosocial online support groups for distressed
breast cancer survivors: a randomized controlled trial. BMC Cancer 2011;11:379-390 [FREE Full text] [doi:
10.1186/1471-2407-11-379] [Medline: 21867502]
Lorig KR, Sobel DS, Stewart AL, Brown BW, Bandura A, Ritter P, et al. Evidence suggesting that a chronic disease
self-management program can improve health status while reducing hospitalization: a randomized trial. Med Care 1999
Jan;37(1):5-14. [Medline: 10413387]
Lorig KR, Ritter PL, Laurent DD, Plant K. Internet-based chronic disease self-management: a randomized trial. Med Care
2006 Nov;44(11):964-971. [doi: 10.1097/01.mlr.0000233678.80203.c1] [Medline: 17063127]
Layi G, Albright CA, Berenberg J, Plant K, Ritter P, Laurent D, et al. UH Cancer Center Hotline: Recruiting cancer survivors
for an online health-behavior change intervention: are different strategies more beneficial? Hawaii Med J 2011
Oct;70(10):222-223 [FREE Full text] [Medline: 22162599]
Mendoza TR, Wang XS, Cleeland CS, Morrissey M, Johnson BA, Wendt JK, et al. The rapid assessment of fatigue severity
in cancer patients: use of the Brief Fatigue Inventory. Cancer 1999 Mar 1;85(5):1186-1196. [Medline: 10091805]
Levine DW, Kripke DF, Kaplan RM, Lewis MA, Naughton MJ, Bowen DJ, et al. Reliability and validity of the Women's
Health Initiative Insomnia Rating Scale. Psychol Assess 2003 Jun;15(2):137-148. [Medline: 12847774]
Godin G, Shephard RJ. A simple method to assess exercise behavior in the community. Can J Appl Sport Sci 1985
Sep;10(3):141-146. [Medline: 4053261]
Block G, Coyle LM, Hartman AM, Scoppa SM. Revision of dietary analysis software for the Health Habits and History
Questionnaire. Am J Epidemiol 1994 Jun 15;139(12):1190-1196. [Medline: 8209877]
Spitzer RL. Validation and Utility of a Self-report Version of PRIME-MD - The PHQ Primary Care Study. JAMA 1999
Nov 10;282(18):1737-1744. [doi: 10.1001/jama.282.18.1737]
Snedecor GW, Cochran WG. Statistical methods, eighth edition. Ames, Iowa State: University Press; 1989.
Mantovani A, Allavena P, Sica A, Balkwill F. Cancer-related inflammation. Nature 2008 Jul 24;454(7203):436-444. [doi:
10.1038/nature07205] [Medline: 18650914]
Lee MK, Park HA, Yun YH, Chang YJ. Development and formative evaluation of a web-based self-management exercise
and diet intervention program with tailored motivation and action planning for cancer survivors. JMIR Res Protoc
2013;2(1):e11 [FREE Full text] [doi: 10.2196/resprot.2331] [Medline: 23612029]
Craft LL, Vaniterson EH, Helenowski IB, Rademaker AW, Courneya KS. Exercise effects on depressive symptoms in
cancer survivors: a systematic review and meta-analysis. Cancer Epidemiol Biomarkers Prev 2012 Jan;21(1):3-19 [FREE
Full text] [doi: 10.1158/1055-9965.EPI-11-0634] [Medline: 22068286]
Demark-Wahnefried W, Morey MC, Sloane R, Snyder DC, Miller PE, Hartman TJ, et al. Reach out to enhance wellness
home-based diet-exercise intervention promotes reproducible and sustainable long-term improvements in health behaviors,
body weight, and physical functioning in older, overweight/obese cancer survivors. J Clin Oncol 2012 Jul 1;30(19):2354-2361
[FREE Full text] [doi: 10.1200/JCO.2011.40.0895] [Medline: 22614994]
Courneya KS, Mackey JR, Bell GJ, Jones LW, Field CJ, Fairey AS. Randomized controlled trial of exercise training in
postmenopausal breast cancer survivors: cardiopulmonary and quality of life outcomes. J Clin Oncol 2003 May
1;21(9):1660-1668. [doi: 10.1200/JCO.2003.04.093] [Medline: 12721239]
Héroux M, Janssen I, Lam M, Lee DC, Hebert JR, Sui X, et al. Dietary patterns and the risk of mortality: impact of
cardiorespiratory fitness. Int J Epidemiol 2010 Feb;39(1):197-209 [FREE Full text] [doi: 10.1093/ije/dyp191] [Medline:
19380370]
Eysenbach G, CONSORT-EHEALTH Group. CONSORT-EHEALTH: improving and standardizing evaluation reports of
Web-based and mobile health interventions. J Med Internet Res 2011;13(4):e126 [FREE Full text] [doi: 10.2196/jmir.1923]
[Medline: 22209829]

Abbreviations
ACOR: Association of Cancer Online Resources
BFI: Brief Fatigue Inventory
http://www.jmir.org/2014/2/e54/

XSL• FO
RenderX

J Med Internet Res 2014 | vol. 16 | iss. 2 | e54 | p. 11
(page number not for citation purposes)

JOURNAL OF MEDICAL INTERNET RESEARCH

O'Carroll Bantum et al

CDSMP: Chronic Disease Self-Management Program
PHQ: Patient Health Questionnaire
STC: Surviving and Thriving with Cancer
TAMC: Tripler Army Medical Center
WHIIRS: Women’s Health Initiative Insomnia Rating Scale

Edited by D Mohr; submitted 12.10.13; peer-reviewed by W Kuijpers, D Linares; comments to author 22.11.13; revised version
received 02.01.14; accepted 08.01.14; published 24.02.14
Please cite as:
O'Carroll Bantum E, Albright CL, White KK, Berenberg JL, Layi G, Ritter PL, Laurent D, Plant K, Lorig K
Surviving and Thriving With Cancer Using a Web-Based Health Behavior Change Intervention: Randomized Controlled Trial
J Med Internet Res 2014;16(2):e54
URL: http://www.jmir.org/2014/2/e54/
doi: 10.2196/jmir.3020
PMID: 24566820

©Erin O'Carroll Bantum, Cheryl L Albright, Kami K White, Jeffrey L Berenberg, Gabriela Layi, Phillip L Ritter, Diana Laurent,
Katy Plant, Kate Lorig. Originally published in the Journal of Medical Internet Research (http://www.jmir.org), 24.02.2014. This
is an open-access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/2.0/), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work, first published in the Journal of Medical Internet Research, is properly cited. The complete bibliographic
information, a link to the original publication on http://www.jmir.org/, as well as this copyright and license information must be
included.

http://www.jmir.org/2014/2/e54/

XSL• FO
RenderX

J Med Internet Res 2014 | vol. 16 | iss. 2 | e54 | p. 12
(page number not for citation purposes)

