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Abstract

Purpose: Although quality of life (QoL) improves over time for most breast cancer survivors
(BCS), BCS may show different patterns of QoL. This study sought to identify distinct QoL
trajectories among BCS and to examine characteristics associated with trajectory group
membership.

Methods: BCS (N = 653) completed baseline assessments within 8 months of diagnosis. QoL
was assessed by the Functional Assessment of Cancer Therapy-Breast (FACT-B) at baseline and 6,
12, and 18 months later. Finite mixture modeling was used to determine QoL trajectories of the
trial outcome index (TOI; a composite of physical well-being, functional well-being, and breast
cancer-specific subscales) and emotional and social/family well-being subscales. Chi-square tests
and F-tests were used to examine group differences in demographic, cancer-related, and
psychosocial variables.

Results: Unique trajectories were identified for all three subscales. Within each subscale, the
majority of BCS had consistently medium or high QoL. The TOI analysis revealed only stable or
improving groups, but the emotional and social/family subscales had groups that were stable,
improved, or declined. Across all subscales, women in “consistently high” groups had the most
favorable psychosocial characteristics. For the TOI and emotional subscales, psychosocial
variables also differed significantly between women who started similarly but had differing
trajectories.

Conclusions: The majority of BCS report good QoL as they transition from treatment to
survivorship. However, some women have persistently low QoL in each domain and some
experience declines in emotional and/or social/family well-being. Psychosocial variables are
consistently associated with improving and/or declining trajectories of physical/functional and
emotional well-being.
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There were an estimated 3.56 million breast cancer survivors (BCS) in the U.S. in 2016,
with an anticipated increase to 4.57 million by 2026 [1]. Quality of life (QoL) is a frequently
measured patient-reported outcome and an important endpoint in clinical trials [2]. Though
QoL is often studied, little is known about the heterogeneity of QoL among BCS from
treatment to survivorship, a critical transition period [3]. Longitudinal studies have included
only two time points and/or have examined only average changes in QoL, ignoring possible
heterogeneity [4-6]. These studies suggest that although BCS may experience a disruption
in QoL after diagnosis, on average, improvements occur over time. However, there is likely
heterogeneity among BCS and some BCS may even fail to improve, or worsen, over time.

Finite mixture modeling is a statistical method to examine heterogeneity among groups.
Studies using this method among BCS have primarily focused on outcomes of depressive
symptoms or distress [7-9]. However, QoL is a broader, multidimensional construct that
generally includes physical, functional, emotional, and social well-being [10]. Two studies
of QoL trajectories among BCS have used the SF-36 [11] or the EORTC-QLQ-C30 [12],
which are considered general QoL measures. The Functional Assessment of Cancer
Therapy-Breast (FACT-B [13]), a breast cancer-specific measure, is considered to be more
sensitive to disease-related changes and has been strongly recommended for measuring QoL
in BCS [14].

Beyond determining distinct QoL trajectories, identifying characteristics of women who
have different trajectories can help identify BCS who may benefit from intervention. The
present study examines characteristics hypothesized to be associated with QoL trajectories
based on our previous analyses and/or the literature. We examined variables including
sociodemographic and cancer-related factors. Additionally, we examined psychosocial
factors previously found to be related to QoL such as social support [15], optimism [16],
coping [17], illness intrusiveness [18], and spirituality [19].

The objectives of the present study were: 1) to determine trajectories of QoL among BCS
using the FACT-B, and 2) to identity sociodemographic, cancer-related, and psychosocial
factors associated with trajectory group membership.

Materials and Methods

Study Population and Procedure

This is a secondary analysis of a longitudinal study that examined age-related differences in
adjustment to breast cancer. Study design has been previously described [20]. Briefly,
women were recruited within 8 months of breast cancer diagnosis from Memorial Sloan
Kettering Cancer Center or the University of Texas-Southwestern Center for Breast Care
between 2002-2006 and followed until 2008. Eligibility criteria included a first-time
diagnosis of stage I-111 breast cancer, age =18 years, and ability to read and write English.
Baseline questionnaires were mailed to BCS to complete and return to the coordinating
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center at Wake Forest School of Medicine. Follow-up questionnaires were administered at 6,
12, and 18 months after baseline. Medical information was obtained through chart reviews
after completion of primary treatment. All sites had approval from their Institutional Review
Boards. Informed consent was provided by all study participants.

Primary Outcome.—QoL was assessed using the Functional Assessment of Cancer
Therapy-Breast scale (FACT-B) [13]. The FACT-B consists of the FACT-General (FACT-G
Version 2) [21] and the breast cancer-specific subscale [13]. The FACT-G is a cancer-
specific QoL measure containing 26 items with four well-being subscales: physical,
functional, emotional, and social/family. The breast cancer-specific subscale includes nine
breast cancer-specific items. All items were rated on a 5-point Likert scale (0=not at all to
4=very) in terms of how true each statement had been in the past 7 days. The physical,
functional, and breast cancer-specific sub scales were summed to create the trial outcome
index (TOI) [22], an indicator of the physical/functional domain of QoL commonly used in
clinical trials. The TOI ranges from 0-92 (a=0.91). The emotional well-being subscale
measured the emotional domain of QoL and ranges from 0-20 (a=0.76). The social/family
well-being subscale measured the social domain of QoL and ranges from 0-28 (a=0.74).
Higher scores reflect better QoL.

Sociodemographic Factors obtained at baseline included: age at diagnosis (continuous), race
(white/non-white), married/partnered (yes/no), college graduate (yes/no), presence of
children <18 years in the home (yes/no), and ability to pay for basics (not very hard/very or
somewhat hard).

Cancer-related factors obtained from chart reviews were: stage at diagnosis (I, 1l or I11),
mastectomy (vs. lumpectomy only), chemotherapy (none, without doxorubicin, or with
doxorubicin), hormonal therapy (yes/no), and radiation (yes/no).

Psychosocial factors.—Optimism was assessed with the 8-item Life Orientation Test
(possible range: 0-32; a.=0.87) [23], Spiritual well-being was assessed with the Functional
Assessment of Chronic lliness Therapy-Spiritual Well-Being scale, a 12-item scale with 2
subscales: meaning and peace (possible range: 0-32; a=0.81) and role of faith (possible
range: 0-16; a=0.88) [24], The IlIness Intrusiveness Rating Scale, a 13-item scale (possible
range: 13-91; a=0.90), measured the impact of cancer on multiple life areas [25], Social
support was assessed using the RAND Social Support Survey [26] which captures four
aspects of perceived availability of support: emotional/informational support, tangible
support, affectionate support, and positive social interaction. An overall support score is
calculated using the mean of the 19 items (possible range: 1-5; a=0.97). The Beck
Depression Inventory-1A (BDI-1 A), a 21-item scale (possible range: 0-63; a.=0.87),
measured depressive symptoms [27], The 28-item Brief COPE scale [28] was used to
measure 14 types of coping strategies. Higher order exploratory factor analyses on our data
[17] revealed two domains formed from seven strategies: active coping (active coping, use of
emotional support, use of instrumental support, and positive reframing; a=0.81) and passive
coping (self-blame, denial, and behavioral disengagement; a=0.51).
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Statistical Analyses

Results

Participants

SAS PROC TRAJ was used to identify distinct subgroups of women who followed similar
trajectories in subscale values over time [29], The procedure assumes that missing data are
missing completely at random [30], Models were tested examining two to seven trajectory
groups each for the TOI, emotional, and social/family subscales. We used a combination of a
statistical criterion (the Bayesian Information Criterion, or BIC; higher BIC indicates better
model fit) and subjective judgment (distinctiveness of trajectories) to select the optimal
number of groups [30], We modeled trajectories of subscale scores as a function of months
since diagnosis and included linear and quadratic terms for months since diagnosis.

The TRAJ procedure assigns posterior probabilities, which are estimates of a specific
individual’s probabilities of belonging to each of the model’s trajectory groups. Women
were assigned to the group for which they had the maximum posterior probability.

After group assignment, associations between group membership and the sociodemographic,
cancer-related, and psychosocial variables previously described were assessed using chi-
square tests for categorical variables and F-tests for continuous variables. For the
psychosocial measures with repeated measures over each of the surveys, we modeled
estimated values of these variables at 4 months after diagnosis (the median time since
diagnosis), and then assessed trajectory group differences in these estimated values. Such
modeling enabled us to use a common critical referent time point (i.e., diagnosis) for all
women, rather than using the arbitrary time axis of survey administration. PROC MIXED
was used to model the repeated longitudinal measures of these variables using time (months
since diagnosis), time squared, and trajectory group membership as independent variables.
Estimated means of the psychosocial variables at 4 months after diagnosis were obtained for
each trajectory group using the “Estimate” statement.

After determining the number of groups, post-hoc comparisons of selected groups were
conducted on variables that were significant in the global F-tests or chi-square tests. We
were particularly interested in comparing groups that started at similar levels but had
differing trajectories.

All analyses were performed in SAS 9.4. We used a two-tailed alpha level of 0.05 to denote
statistical significance throughout.

Of 740 surveys mailed to eligible women, 653 completed baseline surveys (response rate =
88%), and 565 (86.5%) remained until study completion. Women were predominantly
Caucasian (90%), married/partnered (72%), and college-educated (63%; Table 1). The mean
age was 55 years (SD=12.6; range=25-96). At baseline, the mean time since diagnosis was
4.5 months (SD=1.3; range=2 days—7.4 months).
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Model Selection

Table 2 provides the BIC for each trajectory model, with number of groups ranging from
two to seven. The highest BIC for the TOI was associated with the 7-group model, though
the 7-group solution added little substantive information. We therefore chose the 6-group
solution. For the emotional subscale, the highest BIC was associated with the 5-group model
and all groups provided clinically meaningful distinctions. The highest BIC for the social/
family subscale was associated with the 7-group model, but the BIC change from the 6 to 7-
group model was very small (1.3 points) and the seventh group added little substantive
information. We therefore selected the 6 group model.

Description of QoL Trajectories

In naming groups, we use the term “medium” to correspond to scores close to the average
found in a FACT-B validation sample of BCS [13] with “low” and “high” used relative to
this “medium.”

Over half the sample (62.5%) had consistently medium or high scores on the TOI (Figure 1),
while 10.3% had “consistently low” scores. Three groups [“consistently very low” (4.0%),
“recovery to medium” (13.0%) and “recovery to high” (10.3%)] showed clinically
meaningful improvements [22] ranging from approximately 15 to 24 points, though the
“consistently very low” remained the lowest.

The majority of BCS (80.1%) had consistently medium or high scores on the emotional
subscale (Figure 2). However, two groups started with low scores, with one remaining
“consistently low” (4.1%) and one evincing “recovery to medium” (9.0%). In contrast to the
TOI, a small group started with medium scores and declined over time (“declining to low”;
6.7%).

Most BCS (72.1%) had consistently medium or high scores on the social/family subscale
(Figure 3). Similar to the other subscales, one group started with low scores but showed a
large improvement (“recovery to high”; 3.8%), and another stayed “consistently low”
(13.5%). Similar to the emotional subscale, a group started with medium scores, but
declined over time (“declining to low”; 9.3%). One group (1.2%) had “consistently very
low” scores but was too small (n=8) to include in subsequent statistical analyses.

Only 28.1% of the sample fell into a similar trajectory group across all three subscales.
Twenty-three percent fell into the “consistently high” group on all three subscales, while
only 2.5% always fell into the “consistently medium” group and 2% always fell into the
“consistently low” or “very low” group. Only 0.6% were in a recovery group for all 3
subscales.

Associations with Trajectory Group Membership

Tables 3-5 present characteristics of each trajectory group, along with corresponding global
significance test results and p-values. Significant differences across groups were found for
most psychosocial measures. For all subscales, those in the “consistently high” group had
the best psychosocial profiles compared to all other groups: highest scores on meaning/
peace, role of faith, social support, and optimism, and lowest scores on passive coping,
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illness intrusiveness, and depressive symptoms. The “consistently high” groups for both the
TOI and emotional subscales were also the oldest, had the least difficulty paying for basics,
and were the least likely to have chemotherapy compared to the low groups. The social/
family subscale groups showed a somewhat different pattern with bot/1the “consistently
high” and the “recovery to high” groups being the oldest, the least likely to have
chemotherapy or mastectomy and the least likely to have difficulty paying for basics.
Hormone therapy, radiation, and marital status were not significantly associated with
trajectory group membership for any subscale.

Post-hoc Comparisons

Post-hoc comparisons were performed between groups beginning at similar levels but with
differing trajectory shapes to examine characteristics that differentiated women in the
recovery or declining groups compared to women who started similarly but improved less or
remained stable (shown in Tables 3-5). We selected these comparisons as the most clinically
meaningful among the groups. Within the TOI, comparisons were made between “recovery
to medium” and “consistently very low” and between “recovery to high” and “consistently
low.” Within the emotional subscale, we compared “recovery to medium” with “consistently
low” and “declining to low” to “consistently medium.” Within the social/family subscale, we
compared “recovery to high” with “consistently low” and “declining to low” to “consistently
medium.”

Higher meaning/peace and social support were seen among the recovery groups for both the
TOI and emotional subscales. Recovery groups were also more likely to have chemotherapy
with doxorubicin. Additionally, both TOI recovery groups were less likely to have difficulty
paying for basics, reported less passive coping and depressive symptoms, and had greater
optimism compared to their comparison groups. The “declining to low” group on the
emotional subscale reported more passive coping and illness intrusiveness compared to the
“consistently medium” group.

Few variables distinguished the recovery and declining groups on the social/family subscale.
Older age and higher optimism differentiated the recovery group from the “consistently low”
group and being less likely to have children <18 at home differentiated the declining group
from the “consistently medium” group.

Discussion

Previous longitudinal studies have demonstrated that, on average, QoL improves over time
for BCS [4,6]. The present study goes beyond this research by identifying trajectories in
three separate QoL domains (physical/functional, emotional, and social). Our finding that
less than one-third of BCS were in similar trajectory groups across domains reinforces the
value of assessing domain-specific trajectories of QoL.

The majority of women reported consistently medium or high QoL, similar to other studies
[11,12,31], or experienced recovery over time within each of the domains. Additionally, we
found small percentages of women in each domain who had persistently low QoL or even
declined over time, as in the emotional and social domains. Other studies have also found

Breast Cancer Res Treat. Author manuscript; available in PMC 2020 August 20.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Goyal et al.

Page 7

cancer survivors whose emotional [11,12,31] or social well-being declined with time [31].
We did not find a group that declined in the physical/functioning domain, which is in
contrast to other studies of BCS [11,12]. This may be due to the longer follow-up in the
other studies or the specific measure used. The FACT-B TOI captures a broader construct of
physical well-being and functional and breast-cancer specific concerns compared to the
physical functioning scales of the SF-36 and EORTC-QLQ-C30 [11,12].

An important finding from the present study is that a higher percentage of BCS were at risk
for consistently low/very low or declining social well-being (24%) than in the physical/
functional (14%) and emotional (11%) domains. This finding highlights that for cancer
survivors transitioning from treatment to survivorship, there may be a discrepancy between
the social needs of the cancer survivor and the perceived support provided by friends and
family [32]. Social well-being is often an understudied aspect of QoL with few data on
longitudinal changes. Recent findings that lower social well-being is related to more
leukocyte pro-inflammatory and pro-metastatic gene expression [33] and increased risk of
mortality [34] among BCS, emphasize the importance of this domain.

Psychosocial factors (i.e., social support, meaning/peace, role of faith, optimism, passive
coping, illness intrusiveness) were consistently related to group membership in all domains,
with those in the “consistently high” groups faring the best on these factors. The present
analyses extend our previous work on the reciprocal relationship between coping and overall
QoL [17], We previously reported that while passive coping was reciprocally related to QoL,
QoL predicted subsequent active coping, but not vice versa. Our analyses of specific QoL
domains found that passive coping was related to all three measured QoL domains, but
active coping was only associated with group membership in the social domain. A likely
explanation is that active coping includes seeking and using social support. In contrast to the
psychosocial variables, few sociodemographic and cancer-related variables were related to
group membership across all domains.

Unique to the present study were comparisons between women who either recovered or
declined and women who started out similarly but did not recover or decline. Higher levels
of meaning/peace and perceived social support characterized the recoverers in both the
emotional and physical/functional domains. These variables have been previously related to
better mental and physical health in cancer survivors [11,15,35,36], but our findings suggest
that they are also related to improved QoL over time. Personal resources such as social
support and the ability to find meaning/peace in one’s life may be especially important for
women who have aggressive chemotherapy with agents such as doxorubicin. For those in the
recovery group, although QoL was likely negatively affected by treatment, personal
resources may have facilitated recovery. The specific group comparisons also suggest that
passive coping may have a negative impact on QoL. Those who declined in the emotional
domain reported more use of passive coping and those who recovered in the physical/
functional domain reported less use of passive coping compared to groups who started
similarly but had a differing trajectory.

In contrast to the emotional and physical/functional domains, few measured factors
differentiated the improvers and decliners on the social domain. This could be a function of
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the specific items on the social well-being subscale which address support from and
communication with friends and family. Change in social well-being may be more a function
of a person’s social network and less related to the personal characteristics and treatment
variables we measured. Nonetheless, higher optimism, which was related to recovery in the
physical/functional domain, was also reported by the recoverers compared to those who
stayed persistently low in the social domain.

Our findings have several clinical implications. Cancer survivors with few social or personal
resources may be particularly vulnerable to persistently low QoL and/or declines in QoL
suggesting that such factors should be assessed at diagnosis. Additionally, findings that
emotional and social well-being can decline for some BCS support recommendations that
emotional distress should be regularly monitored post-diagnosis [37], but also suggest the
need to monitor social well-being. Finally, early referral of patients at risk for poor outcomes
to psychosocial or spiritual support may be potentially beneficial.

Our findings also suggest potential directions for future research. First, the finding that some
areas of QoL may actually decline during the transition from active treatment to survivorship
reinforces the need to continue developing interventions for this time period [38], Second,
social support, sense of meaning/peace, passive coping and optimism were related to either
recovery or decline across more than one domain. Although intervention studies often target
coping and better utilizing one’s social support [39,40], little research has attempted to
modify optimism or a sense of meaning and peace. There is some evidence that optimism
and meaning and peace are modifiable through intervention, [40-42], but our results suggest
these are worth further investigation. Finally, given the high percentage of BCS who were at
risk for persistently low or declining social well-being, and that we identified few variables
that differentiated these women, more research should seek to characterize factors that may
put BCS at risk for poor social well-being over time.

There are several study limitations. First, the sample is racially and socioeconomically fairly
homogeneous, which limits generalizability of findings. Second, though analyses assume
data are missing completely at random, study drop-outs had poorer QoL on all three
subscales at baseline than those who remained in the study. Consequently, the percentage of
women in the low groups may be an underestimate. However, it is likely that the estimated
differences between the low groups and other groups are conservative if we assume that
those who dropped out were more "extreme" on a variety of variables than those who
remained but who also had lower QoL values. We believe the impact of differential dropout
on our findings is relatively small given the study’s overall high retention rate. The relatively
low internal consistency for the passive coping factor may decrease the reliability of findings
with this variable. Lastly, additional psychosocial factors that may be related to QoL, such as
self-efficacy and perceived control [43] were not available in our study.

The present study has a number of strengths. First, this was a large sample followed
longitudinally up to 26 months post-diagnosis with high retention. We were thus able to
identify multiple trajectories in QoL over the critical transition period from active treatment
to survivorship in women not receiving a planned intervention. Second, this study provides
information on QoL trajectories in multiple domains, allowing for identification of
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predictors of trajectory group membership by specific domain. Third, we examined
numerous predictors in addition to demographic and clinical variables to help identify
factors differentiating BCS who started with similar levels of QoL, but had differing
trajectories.

Overall, this study suggests that although many BCS do well in the transition from active
treatment to survivorship, continued monitoring of domain-specific QoL overtime is
warranted. Several potential risk factors for persistently low or declines in QoL were
identified. Early intervention targeted to improve psychosocial resources may be beneficial,
especially for those at risk for persistently low emational or physical/functional well-being.
Additional research on the longitudinal changes in social well-being and factors that may
impact change in this outcome are needed.
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Predicted trial outcome index (TOI) scores for each trajectory group by months since
diagnosis, with percentage of participants in each group
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Predicted social well-being scores for each trajectory group by months since diagnosis, with
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Table 1.
Sample characteristics (N=653)
N (%)
Sociodemographics

Age, M(SD) 54.9 (12.6)
Race (White) 585 (90)
College-educated 409 (63)
Married/partnered 468 (72)
Children <18 years at home 171 (26)
Ability to pay for basics

Very hard/Somewhat hard 121 (19)

Not hard 532 (81)

Cancer-related

Stage

I 338 (52)

I 262 (40)

I 53 (8)
Mastectomy 237 (36)
Chemotherapy

No chemotherapy 216 (33)

Chemotherapy, no doxorubicin 110 (17)

Chemotherapy, with doxorubicin 327 (50)
Radiation 472 (72)
Hormonal Therapy 476 (73)
Time since diagnosis (in months) at baseline, M(SD) 45 (1.3)
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Table 2.
Bayesian Information Criterion (BIC) for model selection
Groups  Trial Outcome Index Emotional Well-Being ~ Social Well-Being
2 -9106.41 -5719.85 —6799.34
3 —8970.06 -5634.77 -6712.01
4 -8927.78 -5627.90 —6702.98
5 —8899.55 -5601.87 —6675.64
6 —-8881.25 -5603.30 —6667.38
7 -8871.84 -5632.92 —6666.05
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