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Abstract
Background Web and mobile technologies appear to hold
promise for delivering evidence-informed and evidence-
based intervention to cancer survivors and others living with
trauma and other psychological concerns. Health-space.net
was developed as a comprehensive online social networking
and coping skills training program for cancer survivors living
with distress.
Purpose The purpose of this study was to evaluate the effects
of a 12-week social networking intervention on distress, de-
pression, anxiety, vigor, and fatigue in cancer survivors
reporting high levels of cancer-related distress.
Methods We recruited 347 participants from a local cancer
registry and internet, and all were randomized to either a 12-
week waiting list control group or to immediate access to the
intervention. Intervention participants received secure access
to the study website, which provided extensive social net-
working capabilities and coping skills training exercises facil-
itated by a professional facilitator.
Results Across time, the prevalence of clinically significant
depression symptoms declined from 67 to 34 % in both con-
ditions. The health-space.net intervention had greater declines

in fatigue than the waitlist control group, but the intervention
did not improve outcomes for depression, trauma-related anx-
iety symptoms, or overall mood disturbance. For those with
more severe levels of anxiety at baseline, greater engagement
with the intervention was associated with higher levels of
symptom reduction over time.
Conclusions The intervention resulted in small but significant
effects on fatigue but not other primary or secondary out-
comes. Results suggest that this social networking interven-
tion may be most effective for those who have distress that is
not associated with high levels of anxiety symptoms or very
poor overall psychological functioning.
Trial Registration Number The trial was registered with the
Cl in ica lTr ia l s .gov da tabase (Cl in ica lTr ia l s .gov
#NCT01976949).
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Introduction

Individuals diagnosed with cancer encounter many chal-
lenges, including physical impairments, fatigue, cognitive im-
pairments, pain, mood disturbance, disruptions in social sup-
port, and financial strains [1]. Estimates of clinically signifi-
cant distress in cancer survivors vary, but larger studies sug-
gest high prevalence (35.1 % in Zabora et al. [2]; 37.8 % in
Carlson et al. [3], 55 % in Grassi et al. [4]). Fortunately, a
mature literature on face-to-face psychosocial interventions
for cancer generally suggests that psychological interventions,
particularly those that deliver active coping skills training, can
improve outcomes in cancer survivors. Systematic reviews
and meta-analyses demonstrate reliable intervention effects
on quality of life [5–7], emotional functioning [5, 8], and
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functional adjustment ([5]; see Newell et al. [9] for more con-
servative conclusions). In its own review, the Institute of
Medicine concluded that “there is statistically significant, clin-
ically relevant evidence to support the effectiveness of psy-
chotherapeutic interventions in helping to manage anxiety or
depression in adults with cancer—across disease sites, treat-
ments, and types of interventions (p. 75)” [1]. Cancer-related
distress is both common and treatable.

The adoption of distress screening and management guide-
lines by the American College of Surgeons (ACoS)
Commission on Cancer [10] requires that all accredited cancer
centers screen for, and have a plan for managing, cancer-
related distress. However, it has been difficult for many
healthcare systems to fully address the large number of pa-
tients who present with clinically significant distress. Even
when resources are available, there are many other barriers
to accessing available services [1, 3, 11], including mental
health stigma, patients’ level of disease progression [12], dif-
ficulty scheduling appointments with providers [13], distance
and travel constraints [14, 15], inadequate numbers of psycho-
social staff [16], and providers’ lack of awareness of existing
resources [17]. Online interventions and other behavioral
health technologies offer a particularly promising approach
to overcoming at least some of these barriers and potentially
supplementing clinic-based efforts to address cancer-related
distress, and interest in online services (e.g., 63 % of
approached patients) is at least as high as interest in face-to-
face services among those with cancer [18, 19].

However, relatively few randomized, controlled studies
have tested behavioral health technologies to address cancer-
related distress. Extant trials have primarily targeted breast
cancer patients, and results suggest that they are most effective
for those experiencing significant distress or impairment in
quality of life. Gustafson et al. [20] evaluated the effects of a
6-month, home-based computer intervention (CHESS) that
included informational content, a discussion board, confiden-
tial answers from cancer experts, and decision-support ser-
vices on 255 women with breast cancer. Although the inter-
vention resulted in improved information competence, com-
fort with participation in healthcare, and confidence in their
doctor, it had no significant effects on quality of life or social
support. In a study targeted to breast cancer patients (N = 72)
with elevated depressive symptoms, Winzelberg et al. [21]
examined the effects of a 12-week facilitated intervention
(Bosom Buddies). The intervention significantly improved
depressive symptoms, stress, and post-traumatic symptoms,
and effect sizes were moderately strong (.37–.54).
Additionally, Owen et al. [18] examined the effects of a 12-
week, self-guided intervention (Survive) for 62 women with
early-stage breast cancer. No main effects of the intervention
were observed, but effect sizes were moderate for improve-
ments in overall quality of life (.30) and emotional well-being
(.38). Baseline health status moderated the effects of the

intervention, such that the intervention resulted in significant-
ly improved health status among women with poor health
status at baseline relative to those in the control group.
Taken together, these studies suggest that web-based behav-
ioral health technologies are more effective for those
experiencing impairments in mood or quality of life.

To be effective, online interventions must also be able to
hold participants’ interest long enough to be able to deliver a
sufficient dose of the treatment. Because attrition [22] is a
substantial problem for many behavioral health technologies,
it is critical to be able to provide interventions that are consis-
tent with participants’ perceived needs and interests. For can-
cer survivors, social connections and interactions with peers
are a primarymotivator of participation in online interventions
[23]. This may be one of the reasons why many of the most
widely studied face-to-face interventions involve group inter-
action elements, such as support groups [24–27].
Interventions that marry evidence-based approaches from
face-to-face interventions with social components that allow
interactions between participants may be particularly effective
at delivering online content.We have previously demonstrated
that engaging with a social networking community in an on-
line intervention for cancer survivors is associated with a five-
fold increase in interaction with structured intervention ele-
ments, such as coping skills training exercises and
psychoeducational content [28].

Other online interventions for cancer survivors have incor-
porated social elements with varying levels of quality, inten-
sity, and success. Borosund et al. [29] and Ruland et al. [30]
demonstrated that an internet-based messaging system to pro-
vide breast cancer patients with the ability to send questions to
care providers and receive responses, a discussion forum for
communicating with other patients, and a blogging tool result-
ed in significant, but quite small, improvements with respect
to anxiety, depression, and symptom distress relative to a usu-
al care control group. Use of the social tools, such as the
discussion forum and blogs, was limited, such that the median
number of posts per participant was zero in both the discus-
sion forum and the blogs. An average of one advice message
was sent, although participants did spend time reading what
others had posted. Stanton et al. [31] found that providing
breast cancer patients with a personal website and blog for
communicating with friends and family members was suc-
cessful in preventing increases over time in depressive symp-
toms, promoting positive mood, and increasing life apprecia-
tion. Additionally, the Cancer Support Community has a long
history of providing professionally facilitated, weekly 90-min
chat groups, which have demonstrated very promising levels
of engagement, communication, and outcomes among mixed
cancer types [32]. However, it has proved difficult to marry
evidence-informed treatment materials (e.g., those from face-
to-face interventions) with online intervention delivery. For
example, Lepore et al. [33] tested pro-social internet support
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groups relative to standard internet support groups provided
by the Cancer Support Community and found that encourag-
ing women with early-stage breast cancer to engage in helping
behaviors to other group members did not boost the effects of
online support on depression and anxiety symptoms over
time. Overall, online interventions in cancer survivors are
promising, but studies are quite mixed with respect to how
extensively they provide social networking features, attempt
to treat cancer-related distress, or can be used in general cancer
populations.

In the present study, we sought to address several limita-
tions of the existing literature by developing and evaluating a
comprehensive, social networking intervention for cancer sur-
vivors and targeting a broad range of survivors, all of whom
were experiencing significant levels of psychological distress.
We have previously developed an intervention for cancer-
related distress, called “Survive,” using older web technolo-
gies, that demonstrated promising results, in terms of out-
comes for those with significant impairments in quality of life,
and engagement with an online, group-based format [18].
Survive is based on Folkman & Greer’s cancer-specific
Model of Stress and Appraisal Coping [34] and incorporates
two key elements of previously efficacious face-to-face inter-
ventions: supportive-expressive support group [24, 27] and
coping skills training exercises [25, 26]. According to the
Model of Stress and Appraisal Coping, those with cancer un-
dergo two simultaneous processes specific to each of poten-
tially many cancer-related stressors: (1) appraisal of the sig-
nificance of the stressor to the individual and the resources
available to the individual to handle the stressor and (2) efforts
to cope with the stressor, using a combination of thoughts,
behaviors, and emotions, that subsequently impact the stressor
and/or the appraisals of the stressor [35]. According to this
model, distress arises when efforts to cope with a stressor
are followed by unfavorable outcomes.

Survive and health-space were both designed to increase
the quantity and quality of stressor-specific coping efforts and
promote meaning-based coping efforts for those stressors that
are outside the control of the participant. Research in cancer
survivors has consistently shown that avoidance-oriented cop-
ing efforts are related to more negative outcomes over time
[36, 37], whereas adopting active-behavioral [38], active-
cognitive [39], and active-emotional [40, 41] coping efforts
are associated with improvements in mood and quality of life
[42]. A number of trials have demonstrated positive outcomes
associatedwith coping skills training exercises to reduce stress
and improve mood, improve positive health-related coping
behaviors, and to promote increased social engagement and
support [21, 25–27].

Qualitative responses from participants in the pilot trial of
Survive [18] suggested that participants expressed interest in
having additional ways of connecting with one another, for
simpler, more visually appealing coping skills training

exercises and for materials that addressed the heterogeneous
nature of cancer-related distress. In order to supplement the
intervention, we conducted three major revisions to the
Survive intervention (which was renamed “health-space”):
(1) dramatically improving opportunities for social network-
ing, by providing a weekly, 90-min professionally facilitated
group chat, blogs, discussion board, and private mail, and (2)
supplementing existing coping skills training exercises with
additional content requested by previous participants, and (3)
reducing reliance on text by condensing content and empha-
sizing its graphic design. These revisions have resulted in high
levels of overall engagement (438min per participant, total) in
both social networking components of the intervention and
coping skills training exercises [28].

The purpose of the present study was to pilot the effects of a
web-based social networking and coping skills training inter-
vention on cancer-related distress. Because distress is hetero-
geneous in presentation, we sought to test the effects of the
intervention on several related patient-based outcomes, in-
cluding cancer-related distress, depression, anxiety, psycho-
logical well-being, vigor, and fatigue. Accordingly, the pres-
ent study had three aims. First, we sought to evaluate effect
sizes and potential outcomes of a social networking interven-
tion with respect to primary outcomes of psychological func-
tioning, distress, depression, and anxiety and secondary out-
comes of fatigue and vigor. Second, we sought to identify
potential moderators of treatment efficacy in order to identify
who benefitted most from the intervention. Third, we evalu-
ated whether engagement, or dose of treatment, is associated
with outcomes and whether the relationship between engage-
ment and outcomes is stronger for those with more severe
levels of distress.

Methods

Participants

After human subjects approval was obtained, participants
were recruited from July 2009 to June 2012 through two pri-
mary strategies: (1) a registry of patients treated at Loma
Linda University and (2) targeted outreach to cancer-related
websites and online forums. Individuals recruited through the
Loma Linda tumor registry were mailed a letter describing the
study and providing options for learning more about the study
or opting out of future contact. Potential participants who did
not opt out were contacted by phone, provided additional in-
formation, and, if interested, screened for eligibility.
Additionally, messages were sent to moderators of cancer-
related websites and forums (e.g., Facebook, Google groups)
providing a brief description of the study and a link for more
information. In order to be eligible to participate, respondents
were required to be at least 18 years of age, have consistent
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internet access, be able to read and write in English, and have a
minimum score of a 4 of 10 on the Distress Thermometer
(indicating significant distress over the past week; [43]).

Procedures

At baseline, participants used the study website to complete
the consent form and initial survey. Upon completion of the
initial survey, participants were randomized (1:1 ratio) to re-
ceive either immediate access to the intervention (treatment
condition) or a 12-week waitlist condition (waitlist control
group; ClinicalTrials.gov #NCT01976949). Randomization
conditions were automatically assigned by computer using a
random number generator. Those in the treatment group were
informed that the intervention would last 12 weeks, and each
participant’s progression through the study was clearly
indicated on the study homepage. Treatment group
participants were admitted to the social networking website
on a rolling basis. Participants were asked to complete a
follow-up survey 12 weeks after being randomized, and
waitlist control participants were provided with access to the
social networking website immediately after completing the
follow-up survey. Participants were provided with a $10
Amazon gift card for completing each survey but not for par-
ticipation in the social networking website.

The Health-Space Intervention Health-space is a 12-week,
multicomponent distress management intervention. The study
website (health-space.net) provided access to 20–25
participants and two trained facilitators at any point in time.
Primary components of health-space.net were weekly
guidance modules, a live weekly, facilitated chat, a
discussion board, personal profiles, and web-based email
(i.e., “webmail”) for use in communicating with other partic-
ipants and study facilitators. Each week participants were of-
fered a new guidance module topic, adapted from materials
used in two previous trials of coping skills interventions ( [18,
44, 45]; see Table 1) and consistent with other evidence-based
therapies for cancer-related distress [21, 25–27]. Each module
provided brief, graphically rich educational materials and ac-
tivities for participants, such as quizzes and exercises designed
to encourage each participant to actively engage with each
weekly guidance module. Because participants joined the
group on a rolling basis, it was not necessary to have learned
the information from a previous week in order to make use of
subsequent guidance modules.

All participation was facilitated by doctoral-level clinical
psychology students. Facilitators had a minimum of 1 year of
clinical experience and received extensive ongoing training in
managing web-based support groups and working with cancer
survivors using a supportive-expressive facilitation model
[24]. In a 90-min, facilitated weekly chat, a facilitator
reviewed the weekly guidance module and facilitated

conversation around that theme, as well as invited current
concerns of group members for discussion and problem solv-
ing. Facilitators met weekly with other facilitators and two of
the investigators to review chat transcripts and ensure fidelity
to the intervention. A copy of the facilitation manual can be
o b t a i n e d h e r e : h t t p s : / / h e a l t h - s p a c e . n e t / l a b /
healthSpaceFacilitationManual.pdf.

The discussion board provided a way for members to
stay connected to the facilitators and other group mem-
bers and was actively monitored by the group facilitator
and study investigators. Participants and facilitators were
invited to post messages to the group at any time to
solicit feedback, update other members about their cur-
rent situation, or follow-up on activities that were
assigned during the weekly chat session. A webmail
feature was also included in health-space.net, where
participants had the option to email the entire group or
only specific participants or facilitators [28]. In order to
promote group cohesion, participants were also
encouraged to create a profile in which they could
describe themselves and their experience with cancer
and/or share photos.

Measures

Demographic and Medical Characteristics Age, gender,
ethnicity, and cancer type were obtained from the tumor reg-
istry when available or by self-report from those recruited via
the internet. Participants reported their level of education (in
years), annual household income, current employment, mari-
tal status, time since diagnosis, cancer stage, days per month
activities were restricted due to cancer, and the frequency of
internet use.

Primary and Secondary Outcomes Because cancer-related
distress is multifactorial, we sought to measure several distinct
markers of distress. Primary outcomes were distress, psycho-
logical functioning, depression, and trauma-related anxiety
symptoms. Secondary outcomes were fatigue and vigor. All
outcome measures were given at baseline and again after
12 weeks. The Distress Thermometer [44] asked participants
to rate their level of distress on a 0–10 scale, with larger num-
bers indicating more distress. A cutoff score of 4 or higher has
been demonstrated to provide the optimal balance between
sensitivity and specificity for identifying significant clinical
concerns in those with cancer [46, 47]. Overall psychological
functioning was also measured with the Outcomes
Questionnaire-45 (OQ-45; [48]), which consists of 45 five-
point Likert items and has received extensive psychometric
validation as a component of patient-based outcome monitor-
ing [49]. The OQ-45 exhibited excellent internal consistency
in the current sample (α = .92). Total mood disturbance was
measured with the Profile of Mood States (POMS-SF; [50]).
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The POMS-SF required participants to identify, on a 5-point
Likert scale, the extent to which they have experienced each of
37 distinct mood states in the previous week, ranging from
“not at all” to “extremely.” The total mood disturbance score
(α = .91) was used in this study, as were the POMS subscales
for fatigue (five items, α = .90; [50]) and vigor (six items,
α = .91; [50]). Depressive symptoms were measured using
the Center for Epidemiologic Studies Depression Scale
(CES-D; [51]), which is a 20-item measure that asks respon-
dents to indicate how often they have experienced symptoms
of depression within the past week, on a 4-point Likert scale,
ranging from “rarely or none of the time” to “most or all of the
time.” The CES-D is reliable (α = .92) and has been validated
within cancer populations [50, 52]. Trauma-related anxiety
symptoms were measured with the Impact of Events Scale-
Revised (IES-R). The IES-R is a 22-item, Likert-type scale
that measures intrusive and avoidant symptoms of cancer-
related thoughts and stimuli [53]. This scale is sensitive to
the effects of psychosocial intervention and has good internal
consistency (Cronbach’s α = .79–.92; [40]).

Measures of Behavioral Engagement Engagement was
measured objectively via server-side scripting that pro-
vided time spent using the intervention and time spent
using specific parts of the intervention, specifically
structured intervention content (i.e., weekly coping mod-
ules) and social networking components (i.e., personal
pages, blog, chat, email). Lengthy periods of inactivity
(>30 min) were not included in totals of time spent
using the intervention.

Statistical Analysis

The study was powered to detect a small effect size of .13
using repeated measures general linear modeling. Linear
mixed modeling, whereby T1 and T2 outcome measures
were nested within subjects, was used to evaluate changes
over time and to accommodate missing data at T2.

Because of significant positive skew for annual household
income, positive outliers were removed (n = 14) for anal-
yses involving income. Of the 235 subjects who complet-
ed T2, only 212 had complete data for OQ-45 at both T1
and T2 due to inadvertent late inclusion of the measure.
In order to evaluate whether those with worse levels of
psychological functioning at baseline benefited more from
treatment, interaction terms were created using mean-
centered indicators of baseline psychological functioning
and group assignment. Any significant interactions were
decomposed using methods recommended by Aiken and
West [54]. Briefly, each significant interaction was visual-
ized by identifying three “slices” of the continuous level
of baseline psychological functioning: at the mean and 1
SD above or 1 SD below the mean.

Results

Recruitment and Attrition of Study Participants

Of the 2263 patients identified from the cancer registry,
49.9 % (n = 1130) were successfully reached and informed
about the nature of the study. Just over 60% (n = 683) of these
were excluded from further consideration due to lack of inter-
est (n = 220), lack of comfort using the internet (n = 140),
difficulty with English (n = 56), being too sick (n = 42), or
other unspecified reasons (n = 227). The remaining 40 %
(n = 447) agreed to be screened for eligibility to participate
in the trial. Internet recruitment resulted in screening of 756
unique visitors to the study website (see Fig. 1). It was not
possible to determine the number of individuals who visited
the study website but did not choose to be screened for
eligibility.

Across both recruitment arms, 1203 individuals were
screened for eligibility, and 55.9 % (n = 706) were deemed
to be eligible to join the trial. Of these, 49.2 % (n = 347)
completed the baseline assessment and were randomized.

Table 1 Guidance modules by week of intervention in Health-Space and its predecessor, Survive

Week of intervention Survive Health-Space

1 Active and avoidant coping styles and strategies Active and avoidant coping styles and strategies
2 Active and avoidant coping styles and strategies Communication with family friends, building social support
3 Communication with family and friends Improving relationships with partners, family friends
4 Communication with family and friends Thoughts/behaviors/emotions: ways of thinking and unhelpful cognitions
5 Thoughts, behaviors, and emotions Thoughts/behaviors/emotions: using positive self-talk
6 Thoughts, behaviors, and emotions Thoughts/behaviors/emotions and challenges to self/body image
7 Relaxation Thoughts/behaviors/emotions: disclosing thoughts and feelings

and using assertive communication
8 Relaxation Leading a healthy lifestyle
9 Assertiveness training Relaxation and guided imagery
10 Assertiveness training Mindfulness exercises
11 Problem solving Setting personal goals
12 Problem solving Finding benefit and opportunity despite challenges; moving forward
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Within the internet recruitment arm, distress was similar in
those who completed the baseline assessment (M = 6.7,
SD = 1.6) and those who did not (M = 6.5, SD = 1.6).
Similarly, among those recruited from the cancer registry, dis-
tress did not differ between baseline completers (M = 5.7,
SD = 2.6) and noncompleters (M = 5.9, SD = 2.2).
Approximately one-third of randomized participants were lost
to attrition, with 67.7 % (n = 235) completing the 12-week
follow-up assessment. The relationship between recruitment
source and attrition across time approached statistical signifi-
cance, with 75 % of registry-recruited participants completing
the 3-month follow-up relative to 64 % of internet-recruited
participants, χ2(1) = 3.80, p = .051. Attrition patterns did not
differ between those assigned to the treatment condition and
those assigned to the waitlist control.

Baseline Equivalence Between Treatment and Control
Groups

Demographic and medical characteristics of the treat-
ment and control groups are provided in Table 2.
Randomization successfully resulted in no baseline dif-
ferences between treatment and control groups with re-
spect to age, gender, marital status, ethnicity, education,
income, cancer type, cancer severity, or time since di-
agnosis. Similarly, recruitment source (65.2 % recruited
via internet), frequency of internet use (M = 6.3 days/
week), and previous online (35.2 %) or face-to-face
support group (42.9 %) use did not differ between the
two groups at baseline. As shown in Table 3, treatment
and control groups did not differ at baseline with

Fig. 1 Screenshot of the health-space.net home page
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respect to any of the primary outcomes of interest: over-
all psychological functioning, depressive symptoms,
anxiety, vigor, or fatigue. Based on OQ-45 scores,
59.4 % of participants met criteria for clinically signif-
icant psychological dysfunction. Similarly, 67.6 % of
participants met the CES-D cutoff suggestive of clinical
depression.

Effect of Treatment on Outcomes at 12 Weeks

Both the treatment group and the control groups showed im-
provements over time in each of the five outcome domains:
psychological functioning, depressive symptoms, anxiety,
vigor, and fatigue (see Table 3). The degree of improvement
from baseline to 12 weeks did not significantly differ between
the two groups for overall psychological functioning,

depression, anxiety, or vigor. However, there was a time ×
treatment group interaction for fatigue, demonstrating that fa-
tigue declined significantly more in the treatment group rela-
tive to the control group, t (238) = 2.0, p = .04.

Although all participants reported distress when screened
for eligibility, 84.4 % remained distressed at the baseline
assessment. By the 12-week follow-up, 65.1 % remained
distressed, and the treatment groups did not differ signifi-
cantly. Clinical cutpoints were also available for depressive
symptoms. At baseline, 67.7 % (n = 235) met the clinically
suggestive cutoff (67 % in the treatment group, 68 % in the
waitlist control group). By the 12-week follow-up, only
34.3 % (n = 199) remained depressed (31 % in the treat-
ment group compared to 38 % in the waitlist control
group), but the between-group difference was not statisti-
cally significant (p = .15).

Table 2 Demographic and medical characteristics of participants, by treatment group

Treatment group
(n = 176)

Waitlist control group
(n = 171)

All users combined
(n = 347)

Between-group
differences

Age, years (SD) 52.9 (10.7) 53.3 (11.1) 53.1 (10.9) n.s.

Sex, n (%) n.s.

Female 136 (77.3 %) 138 (80.7 %) 274 (79 %)

Male 40 (22.7 %) 33 (19.3 %) 73 (21 %)

Ethnicity, n (%)

White (%) 155 (88.1 %) 150 (87.7 %) 305 (87.9 %)

Latino (%) 8 (4.5 %) 6 (3.5 %) 14 (4.0 %)

African-American (%) 6 (3.4 %) 5 (2.9 %) 11 (3.2 %)

Other (%) 7 (4.0 %) 10 (5.8 %) 17 (4.9 %)

Education, years (SD) 15.5 (2.5) 16.0 (3.0) 15.7 (2.7) n.s.

Annual household income, dollars/year
(SD)a

81,773 (51,520) 77,129
(50,564)

79,395 (51,007) n.s.

Cancer type, n (%) n.s.

Breast 75 (42.6 %) 86 (50.3 %) 161 (46.4 %)

Prostate 24 (13.6 %) 19 (11.1 %) 43 (12.4 %)

Colorectal 9 (5.1 %) 6 (3.5 %) 15 (4.3 %)

Female reproductive 14 (8.0 %) 7 (4.1 %) 21 (6.1 %)

Hematologic 6 (3.4 %) 6 (3.5 %) 12 (3.5 %)

Urinary 0 (0 %) 1 (0.6 %) 1 (0.3 %)

Melanoma 6 (3.4 %) 4 (2.3 %) 10 (2.9 %)

Lung 0 (0 %) 3 (1.8 %) 3 (0.9 %)

Other 28 (15.9 %) 32 (18.7 %) 60 (17.3 %)

Multiple cancers 14 (8.0 %) 7 (4.1 %) 21 (6.1 %)

Time since diagnosis, years (SD)b 4.1 (3.7) 4.3 (4.3) 4.2 (4.0) n.s.

Cancer spread

No spread (%) 99 (56.3 %) 100 (58.5 %) 199 (57.3 %) n.s.

Spread to lymph tissue (%) 30 (17.0 %) 34 (19.9 %) 64 (18.4 %)

Regional metastasis (%) 20 (11.4 %) 16 (9.4 %) 36 (10.4 %)

Distant metastasis (%) 27 (15.3 %) 21 (12.3 %) 48 (13.8 %)

aAfter removal of 14 positive outliers
b After removal of two positive outliers
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Moderators of Treatment Outcomes

Next, we sought to evaluate whether initial symptom
severity moderated the effect of treatment group on
change in symptoms across time. A significant baseline
psychological functioning × treatment group interaction
was observed, t (212) = 2.2, p = .03. Higher psycho-
logical functioning at baseline was associated with larg-
er effects of treatment, and the effect of treatment was
increasingly attenuated at lower levels of psychological
functioning. Significant moderator effects were also ob-
served for baseline levels of anxiety, t (240) = 2.0,
p = .04. The treatment was significantly more effective
at reducing anxiety for those who reported lower anxi-
ety at baseline than for more highly anxious partici-
pants. The effects of treatment on vigor, fatigue, and
depression were not significantly moderated by their
baseline levels (see Table 3).

Effects of Engagement on Outcomes

To examine the effects of engagement with the intervention on
subsequent outcomes in those assigned to the treatment con-
dition (n = 176), three markers of intervention engagement
were identified: total time spent using the intervention (in
seconds) and total time spent interacting with the structured
content of the intervention (i.e., coping modules). Analyses
demonstrated no significant main effects on any dependent
variable. However, the effects of engagement on outcomes
were moderated by level of baseline symptoms for both psy-
chological functioning and anxiety. Total time spent using the
intervention approached significance, with time of engage-
ment being more strongly associated with changes in psycho-
logical functioning as baseline symptoms increased, F (1,
105) = 3.91, p = .051, and more consistently posting content
to the group was significantly more strongly related to chang-
es in psychological functioning as baseline symptoms in-
creased, F (1, 105) = 4.68, p = .033. Total time spent using
the intervention was also more strongly associated with
changes in anxiety as baseline anxiety symptoms increased,
F (1, 115) = 8.74, p = .004 (see Fig. 2). Similarly, more con-
sistently posting content to the group was more strongly relat-
ed to decreases in anxiety at higher levels of baseline anxiety,
F (1, 115) = 7.93, p = .006. There were no significant baseline
symptom × engagement interactions for depression, vigor, or
fatigue.

Discussion

The health-space social networking intervention for cancer-
related distress was not associated with significant overall im-
provements in distress, psychological functioning, depression,T
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anxiety, or vigor. Although the health-space intervention did
not work as well as expected, results from this trial suggest
that (1) the intervention is associated with strong levels of
engagement [55], (2) health-space seems to have small effects
on fatigue in those with significant distress, and (3) has its
strongest effect on those with distress and worse psychologi-
cal functioning and/or trauma-related anxiety. Among those
who did have worse psychological functioning or worse
trauma-related anxiety, greater improvements over time were
associated with being more strongly engaged with the inter-
vention (Fig. 3).

Surprisingly, both the treatment and waitlist control groups
improved significantly over time in each of the observed out-
comes. We have identified four potential explanations: regres-
sion to the mean, natural recovery, therapeutic mechanisms
inherent to the study procedures, or use of other treatments
or interventions. Regression to the mean seems an unlikely
explanation given that significant distress is common in can-
cer survivors, and the sample was not particularly extreme
with respect to distress. Natural recovery is certainly a possi-
bility, given known variability in day-to-day distress ratings,
and it may be that the process of completing a battery of
psychologically sensitive questions and promising interven-
tion access was sufficient to instill hope and other psycholog-
ical benefits. Finally, it may be that the many different kinds of

support services widely available on the internet made it pos-
sible for waitlist participants to seek and obtain the types of
services needed to reduce distress. Although we did not have
data to test this hypothesis, follow-up interviews [23] sug-
gested that the vast majority of participants were relatively
naïve to internet support services and did not report using
competing services. Future trials of internet-based interven-
tions should include more extensive measures of use of other
types of support services, such as Facebook, Patients LikeMe,
etc.

Fig. 2 Participant recruitment
and enrollment through two
separate channels: cancer registry
and internet
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The intervention did appear to have a significant, but small,
effect on fatigue, and the effect size was slightly higher than
that reported in a previous meta-analysis [56]. Participants in
the health-space.net intervention were actively encouraged to
engage in supportive-expressive interactions with other par-
ticipants and to become more active and engaged in relation-
ships, social activities, and physical activity, and these micro-
interventions are consistent with mechanisms of action of oth-
er successful non-pharmacologic interventions for fatigue
[57]. Given that fatigue has consistently been documented as
the most prevalent unmet need for many cancer survivors [58,
59] and that ours was a sample of relatively long-term survi-
vors (four years, on average), it is encouraging that a low-cost,
internet-based intervention may be able to improve symptoms
of fatigue. We have previously demonstrated that social net-
working may be most desirable when cancer survivors are
able to communicate with other survivors who have faced
similar cancer, treatment, and psychosocial challenges [23],
and it may be that a fatigue-specific social networking inter-
vention could result in more pronounced effects.

On average, the intervention appeared to have the most
effect for those who entered the study with significant distress,
but relatively higher levels of psychological functioning or
lower levels of trauma-related anxiety. Given that all partici-
pants reported clinically meaningful levels of distress at base-
line, it is important to note that “low” distress in this sample
still represents significant psychosocial distress. These results
are consistent with a stepped-care model of intervention [60]
and suggest that more intensive, ideally face-to-face, interven-
tions may be required for those cancer survivors with the
highest levels of psychosocial distress. Additionally, the rela-
tionship between baseline distress and symptom improvement
was moderated by engagement with the treatment. Those with
high levels of distress or anxiety who were highly engaged
with the intervention experienced more pronounced reduc-
tions in symptoms, whereas those who engaged at lower
levels did not improve as much, and greater engagement
was not associated with benefit for those with lower levels
of distress or anxiety. Thus, those with lower (but still pro-
nounced) distress are more likely to benefit, but those with
more severe distress may also benefit when their engagement
is high. Understanding the factors that encourage more con-
sistent engagement with technology-based interventions is
likely to be useful for increasing efficacy of these types of
interventions. Social networking appears to be particularly
promising for driving engagement and clearly accounts for a
large proportion of overall time spent using the intervention
[55]. Interviews with users who spent relatively little
time with the intervention also suggest that more exten-
sive efforts to tailor content to specific subsets of users
could improve the effective dose of intervention provid-
ed to each user [23] and thereby have the potential to
further improve effect sizes.

Regarding study limitations, as is true of many technology-
based interventions [22], the sample was not particularly di-
verse with respect to gender, ethnicity, and educational attain-
ment, and engagement was rather limited. Participants were
encouraged to spend at least 1–2 h per week using the inter-
vention, for a total of 12–24 h of engagement, but total aver-
age engagement across the 12 weeks of intervention was 7.3
h. Although these rates of engagement compare favorably
with a number of other e-health interventions [55], there are
notable examples of online interventions in cancer survivors
that yield higher levels of involvement [61]. For example, in
an online health behavior change intervention, Surviving and
Thriving with Cancer, Bantum et al. [62] demonstrated very
high levels of user participation, at least with respect to post-
ing content. Because of differences in intervention content and
procedures, in addition to differences in how engagement is
measured across interventions, it is very difficult to evaluate
which intervention elements are most critical for improving
effect sizes. Studies that are able to decompose intervention
elements and evaluate effects on engagement and outcomes
would be particularly beneficial [63]. Additionally, although
this intervention was designed for those with clinically signif-
icant levels of distress, for some, distress levels dropped be-
tween initial screening and randomization, and even the
waitlist group reported significant reductions in distress over
time. For those with transient distress, very brief interventions
that can be immediately accessed might be a better fit, and this
study is not able to address whether participants sought out
other forms of web-based support. The study also relied ex-
clusively on self-report measures without long-term (i.e.,
12 months) follow-up, so little can be said with respect to
the influence of psychiatric history, changes in psychiatric
status (e.g., proportion meeting diagnostic criteria for a
DSM-5 condition), or long-term maintenance of positive ef-
fects on fatigue. Finally, although we saw treating mixed can-
cer types as a way to reach the broadest representative sample
of distress among cancer survivors, participants clearly
expressed a desire to connect with “others like me” [23], and
having a more homogenous sample with respect to cancer
types and treatment trajectories may have resulted in stronger
engagement and/or outcomes.

Technology-based interventions are clearly not for every-
one, as demonstrated by the 60 % of those on the cancer
registry who were approached but declined to be screened,
and we would argue that behavioral technologies should only
be one element of treatment planning efforts for those
experiencing clinically significant distress. Our results show
promise for reducing some prominent symptoms of distress,
such as fatigue, particularly for those with low-grade distress
and those who engage in more consistent use of the interven-
tion. Certainly, a replication would be required to increase our
confidence in these findings, but we believe the results are
strong enough to warrant some degree of optimism about
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these kinds of interventions. Given high levels of engagement,
subsequent efforts to use technology-based approaches for
delivering distress-focused interventions to cancer survivors
could certainly build upon this or a similar social networking
framework to deliver other types of evidence-based
interventions.
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