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Objective: Fatigue is a common side effect of cancer treatment, but there is considerable variability in
fatigue severity and persistence among survivors. This study aimed to characterize longitudinal trajec-
tories of fatigue after breast cancer treatment and to identify predictors of varying fatigue trajectories.
Methods: Women (N = 191) from the Mind-Body Study completed assessments after primary treatment
for early stage breast cancer and at regular follow-ups that occurred up to 6 years after treatment (M =
4.3 years). Growth mixture models were used to characterize fatigue trajectories, and demographic,
medical, and biobehavioral risk factors were examined as predictors of trajectory group. Results: Five
trajectorieswere identified, characterized as High, Recovery, Late, Low, and Very Low fatigue. The High
and Recovery groups (40% of sample) evidenced elevated fatigue at posttreatment that declined in
Recovery but persisted in the High group. In bivariate analyses, trajectory groups differed significantly
on depressive symptoms, sleep disturbance, childhood adversity, body mass index, and the inflammatory
marker soluble TNF receptor type I, which were higher in the High and/or Recovery groups. In
multivariate models, depressive symptoms and childhood adversity distinguished High and Recovery
from other groups. Rates of chemotherapy were higher in the Recovery than in the High or Late group,
whereas rates of endocrine therapy were higher in the High than in the Recovery group. Conclusions:
There are distinct longitudinal trgjectories of fatigue after breast cancer treatment. Psychological factors
are strongly associated with adverse fatigue trajectories, and together with treatment exposures may

increase risk for cancer-related fatigue.
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Fatigue is one of the most common and distressing symptoms
experienced by cancer patients and causes significant impairment in
quality of life. On average, fatigue increases after treatment onset and
declines in the months after treatment completion, as documented in
longitudinal studies that report on mean levels of fatigue during and
after trestment (Andrykowski, Donovan, Laronga, & Jacobsen, 2010;
Dhruva et al., 2010; Donovan €t a., 2004; Jacobsen et d., 1999;
Nieboer et al., 2005). However, there is considerable individual vari-

ability in the longitudinal trgjectory of cancer-related fatigue that may
be obscured by a focus on average levels (Bower, 2014; Carlson,
Waller, Groff, Giese-Davis, & Bultz, 2013; Dhruva et al., 2010). For
example, some patients experience very little fatigue throughout treat-
ment and into survivorship, whereas others have high fatigue that
persists for years after trestment completion. Understanding the fac-
tors that contribute to this variability has important implications for
the identification and trestment of at risk patients.
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Outside of the cancer literature, investigators have captured
individual differences in symptom trgjectories using an analytic
approach that identifies subgroups of patients who show similar
change over time (growth mixture models; GMMs). This approach
reguires multiple assessments over time but provides a much more
nuanced and complete picture of the symptom experience. GMMs
have been used to identify trajectories of psychological adjustment
following stressful life events, focusing primarily on distress and
depressive symptoms. These studies have identified several pro-
totypical patterns of adjustment, including a“resilience” trajectory
characterized by minimal disruption in functioning, a “recovery”
trajectory characterized by initial disruption then return to base-
line, a “delayed” trajectory characterized by increasing levels of
disruption over time, and a “chronic” trgjectory characterized by
persistent high levels of disruption (Bonanno, 2004). This work
has shed new light on individual variability in responses to stress
and challenged previous conceptions of the ubiquity and severity
of distress in the aftermath of stressful life experiences (Bonanno,
Westphal, & Mancini, 2011).

Building on this work, investigators have begun to examine
trgjectories of depressive symptoms in cancer patients and survi-
vors in the months after diagnosis and treatment. For example,
Stanton and colleagues examined trajectories of depressive symp-
toms in 460 breast cancer patients assessed within 4 months after
invasive breast cancer diagnosis and at six additional assessments
across a 12 month follow-up (Stanton, Wiley, et al., 2015). They
found four distinct trgjectory groups, including women with chron-
ically elevated symptoms of depression (38%), women who started
with high symptoms then recovered (20%), and women with low
(32%) and very low symptoms (11%) across the assessment pe-
riod. These findings are generally consistent with other studies
looking at trajectories of depression and distress in women with
breast cancer, particularly the finding that approximately half of
women report consistently low or very low symptoms of depres-
sion and a smaller group report elevated symptoms across assess-
ment points (Avis, Levine, Case, Naftalis, & Van Zee, 2015; Dunn
et a., 2011; Henselmans et al., 2010; Lam et a., 2010; Rottmann
et a., 2016).

In contrast to depression, only a handful of studies have used
this approach to identify individual differences in trajectories of
cancer-related fatigue. Donovan and colleagues examined fatigue
trajectories in 261 breast cancer patients who completed assess-
ments after treatment and at 2, 4, and 6-month posttreatment
follow-ups. They identified two distinct fatigue groups: one that
reported consistently low fatigue (33%), and one that reported
consistently high fatigue (67%) (Donovan, Small, Andrykowski,
Munster, & Jacobsen, 2007). Women in the high fatigue group
were more likely to be unmarried, have a lower income, a higher
body mass index, engage in greater fatigue catastrophizing, and be
lower in exercise participation; only body mass index and cata-
strophizing remained significant predictors in multivariate analy-
sis. A study of 398 breast cancer patients assessed before surgery
and monthly for 6 months also identified two fatigue groups, who
were classified as high fatigue (61.5%) and low fatigue
(38.5%)(Kober et al., 2016). In this study, the high fatigue group
was younger, more educated, had more comorbidities and lower
performance status, had more lymph nodes removed, and were
more likely to receive chemotherapy than the low fatigue group.
Further, polymorphisms in two cytokine SNPs (IL1B and 1L10)
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were associated with being in the high fatigue group. A study of
fatigue trgjectories in 77 breast cancer patients undergoing che-
motherapy identified three groups with different trajectories, in-
cluding one with “high fatigue” (50%), one with “transient fa-
tigue” (27%), and one with “low fatigue” (23%) (Junghaenel,
Cohen, Schneider, Neerukonda, & Broderick, 2015). Demographic
and medical variables were not associated with fatigue trajectories
in this study, but those in the high fatigue group had poorer
functioning across domains, including more depressed mood. Fi-
nally, astudy of 290 breast cancer patients assessed before surgery
and 4 and 8 month follow-ups found two fatigue groups, although
here the majority of women fell into the low fatigue group (79%)
rather than the high fatigue group (21%)(Bgdtcher et al., 2015). In
this study, low physical activity, receipt of chemotherapy, and
anxiety were significantly associated with being in the high fatigue
group.

These studies provide initial evidence for distinct subgroups of
patients who experience different courses of fatigue during and in
the months after cancer treatment. To our knowledge, no studies
have examined individual differences in traectories of fatigue
beyond one year posttreatment. This is important given that re-
search on longer-term survivors indicates that approximately 20—
30% will experience elevated fatigue up to 10 years after treatment
completion (Bower et a., 2006; Cella, Davis, Breitbart, Curt, &
the Fatigue Coalition, 2001), and that fatigue and other symptoms
may emerge late in the survivorship period (Stanton, Rowland, &
Gangz, 2015). ldentification of patientswho are at risk for persistent
cancer-related fatigue, beyond the “expected” period of recovery
(6—12 months posttreatment; Goldstein et al., 2012), will facilitate
the deployment of targeted interventions to those most in need.

The current study sought to characterize trajectories of fatiguein
women diagnosed with early stage breast cancer who were fol-
lowed for up to 6 years after treatment completion, and to identify
factors that differentiated women in these trajectory groups.
Cancer-related fatigue is multifactorial and may be influenced by
demographic, medical, psychosocial, behavioral, and biological
factors (Bower, 2014; C. Fagundes, LeRoy, & Karuga, 2015;
Mitchell, 2010). Initial research on fatigue trajectories has identi-
fied a number of predictors of fatigue (Badtcher et al., 2015;
Donovan et al., 2007; Junghaenel et al., 2015; Kober et a., 2016),
although none of these studies included a comprehensive assess-
ment of biobehavioral risk factors. In particular, inflammatory
processes have rarely been examined, despite evidence that genetic
and circulating markers of inflammation are associated with ele-
vated fatigue during and after cancer treatment (Bower, 2014;
Lacourt & Heijnen, 2017; Saligan & Kim, 2012; Wang, Yin,
Miller, & Xiao, 2017). In addition, none of these studies assessed
childhood adversity, athough stressful experiences in childhood
have been linked with other fatigue-related disorders (Heim et al.,
2006) and preliminary evidence supports an association with
cancer-related fatigue (Bower, Crosswell, & Slavich, 2014; C. P.
Fagundes, Lindgren, Shapiro, & Kiecolt-Glaser, 2012; Han et al.,
2016; Witek Janusek, Tell, Albuguerque, & Mathews, 2013).
Drawing from an empirically based model of cancer-related fa-
tigue (Bower, 2014), the current study examined key biobehavioral
risk factors that have been associated with fatigue across the
cancer continuum, including depression, sleep disturbance, and
history of childhood adversity, as well as circulating concentra-
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tions of inflammatory markers and variants in genes that regulate
proinflammatory cytokine production.

M ethod

Participants

The present data come from the Mind Body Study (MBS), a
longitudinal observational study of women with early stage breast
cancer recruited from the Los Angeles community between 2007
and 2010. The design, €eligibility criteria, recruitment, and assess-
ment procedures used in the MBS are described in earlier publi-
cations (Ganz, Bower, et al., 2013; Ganz, Kwan, et a., 2013; Ganz
et a., 2014). Briefly, women were recruited after diagnosis and
completion of primary treatment (surgery, radiation, and/or che-
motherapy) for Stage O-111A breast cancer. In-person appointments
were scheduled within 3 months after primary treatment but before
initiation of endocrine therapy (ET) if prescribed (T1), and 6
months (T2) and 12 months (T3) later. Patients who completed the
T3 assessment were invited to participate in a longitudinal
follow-up study that included annual questionnaires administered
by mail at 2 years (T4), 3years (T5), and 4 years (T6) after T1. We
also conducted a “final” in-person appointment (TF) that included
completion of questionnaires and other assessments that were part
of the parent MBS visits. The TF assessments were all conducted
between March 2013 and July 2014 and were not tied to the timing
of the T1 assessment. Some participants reached the TF assess-
ment period before their T5 or T6 assessments; because the TF
visit was the fina assessment for this study, these women were
never asked to complete the T5 or T6 questionnaires. A flowchart
indicating the sequence of study assessmentsis shown in Figure 1.
The UCLA Institutional Review Board approved the study, and all
participants provided written informed consent.

M easures

Demographic, medical, and clinical information was obtained
from self-report at T1 and from medical record abstraction. Fa-
tigue was assessed at each assessment point with the Multidimen-
sional Fatigue Symptom Inventory-Short Form, a valid and reli-
able measure of cancer-related fatigue (Stein, Jacobsen, Blanchard,
& Thors, 2004; Stein, Martin, Hann, & Jacobsen, 1998). We
focused on the six-item general fatigue subscale, which assesses
feelings of being “fatigued”, “tired”, and “worn out” in the last 7
days on a 0-5 scale. Depressive symptoms were assessed at T1
with the Beck Depression Inventory-11 (BDI-II), a 21-item mea-
sure that assesses cognitive, affective, and vegetative symptoms of
depression during the past two weeks with excellent reliability and
validity (Beck, Steer, & Brown, 1996). For analyses, the two items
on the BDI-II assessing fatigue/lack of energy were removed to
minimize overlap with fatigue. Subjective sleep quality was as-
sessed at T1 with the Pittsburgh Sleep Quality Index (Buysseet al.,
1991), a 19-item questionnaire that assesses subjective sleep qual-
ity and disturbances over the past month. This questionnaire has
high internal consistency, test—retest reliability, and diagnostic
validity with polysomnography. For each of these three scales,
higher scores indicate more symptoms. Childhood adversity was
assessed at T3 with the Risky Families Questionnaire, which was
adapted from Felitti et al. (1998) by Taylor, Lerner, Sage, Lehman,
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T1 In-Person Visit (Baseline)
(n=191)

\

T2 In-Person Visit (6 month)
(n=175)

T3 In-Person Visit (1 year)
(n=175)

{

T4 Questionnaire (2 year)

(n=155)

Eligible for Eligible for Not eligible for
T5and T6 Qx T5 Qx T5 or T6 Qx
(n=59) (n=68) (n=39)

Did T5 Did T5

(n=53) (n=63)

|
T5 Questionnaire (3 year)
(n=116)
T6 Questionnaire (4 year)

(n=49)

Did TF Did TF Did TF
(n=45) (n=56) (n=33)

|

TF Questionnaire
(n=134)

Figure 1. Flow chart indicating the number of patients who completed
each assessment. Note that some patients were not eligible for the T5
and/or T6 assessments, as the final study assessment (TF) occurred before
they reached these assessment points.

and Seeman (2004). This 13-item scale assesses physical and
emotiona abuse and neglect and disorganization/conflict/chaos in
the home between the ages of 5 and 15. The validity of this scale
has been demonstrated through corroboration with in-person in-
terviews (Taylor et al., 2004).

Plasma samples for circulating inflammatory markers were col-
lected at T1 and assayed as previously described (Bower et al.,
2011). Briefly, blood samples were collected into EDTA tubes,
placed on ice, centrifuged for acquisition of plasma, and stored
at —80C for subsequent batch testing. We assessed four inflam-
matory markers that have been associated with behavioral symp-
toms in previous studies with cancer patients, including a sub-
sample of women in the current study (Bower et a., 2011): soluble
tumor necrosis factor (TNF) receptor type Il (STNF-RII),
interleukin-1 receptor antagonist (IL-1ra), interleukin-6 (IL-6), and
C-reactive protein (CRP). Plasma levels of al cytokines were
determined by enzyme-linked immunosorbent assays according to
manufacturer’s protocols, as previously described.

Genomic DNA was extracted from peripheral blood leukocytes
collected at T1 and assayed by a commercial TagMan Genotyping
Assay (Applied Biosystems, Foster City, CA) performed on a
iCycler real-time polymerase chain reaction instrument (BioRad,



This document is copyrighted by the American Psychological Association or one of its allied publishers.
This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.

1028

Hercules, CA) following manufacturer’s protocols, as previously
described. We focused on SNPs in genes encoding cytokines that
have been linked at the protein level to cancer-related fatigue,
including IL1B —511 C>T (rsl6944), IL6 —-174 G>C
(rs1800795), and TNF —308 G>A (rs1800629) (Barsevick et al.,
2010; Bower et al., 2013; Collado-Hidalgo, Bower, Ganz, Cole, &
Irwin, 2006).

Data Analysis

GMMs were conducted to model fatigue trajectories (Duncan &
Duncan, 1995; Jung & Wickrama, 2008). Time was coded contin-
uously as the number of months since end of treatment (see
Supplementary Figure S1). To identify the optimal trajectory shape
and number of groups, it is common to try several models and
compare fit indices to pick the optimal model. We tested models
that varied on three features:. (1) trajectory shape: linear, quadratic,
and cubic splines; (2) random effects and covariance structures:
fixed effects only, random intercepts only, uncorrelated random
intercepts and slopes, and freely correlated random intercepts and
slopes; and (3) number of groups: one to five group solutions. The
residual variances and latent variable means were allowed to differ
in each group (Wright & Hallquist, 2014). For latent class models
and GMMs based on discrete time, tests of whether additional
groups provide significantly better fit are available, such as the
Vuong-Lo-Mendell-Rubin or bootstrapped likelihood ratio test.
However, these tests are not currently available for GMMs based
on continuous time. Therefore, the best fitting model from the 60
tested was selected based on three criteria: (1) whether the smallest
group had at least 10 women, (2) sample size-adjusted BIC, and
(3) corrected AIC. The sample size-adjusted BIC and corrected
AIC are based on the absolute fit of the model and critically
include a penalty for more complex models so that parsimonious
models are favored.

Potential predictors of fatigue trajectory were examined by
testing relations between trajectory groups and sociodemographic,
disease and treatment-related, medical, and biobehavioral charac-
teristics. First, bivariate relations were assessed using analysis of
variance for continuous factors and chi-square tests for categorical
factors. Predictors with p < .10 in bivariate tests or of a priori
interest (i.e., receipt of endocrine therapy) were entered into a
multinomial logistic regression to test their unique contributions.

GMMs were estimated using robust full information maximum
likelihood using all available data, which is efficient and produces
unbiased estimates as long as the data are missing at random
(Enders & Bandalos, 2001). Optimization was based on 500 initial
stage starts and 100 final stage optimizations. Chi-square tests of
statistical significance were based on 2 million Monte Carlo sim-
ulated samples (Hope, 1968), which allows accurate tests when
some cell frequencies are zero. Analyses were conducted in R
v3.3.1 with different GMM tested using the train LGMM function
in MplusAutomation v0.7-0 (Hallquist & Wiley, in press) and
Mplus v7.3 (Muthén & Muthén, 2012).

Results

Sample Characteristics

A total of 191 women had questionnaire data available and were
included in primary analyses. A flowchart indicating the number of
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women who completed questionnaires at each assessment is pro-
vided in Figure 1. Because the timing of the TF assessment was
variable, this influenced the number of assessments that could be
completed by an individua participant. In particular, the reduced
sample size at T6 reflects the fact that most women had completed
the TF assessment before they reached the T6 assessment. The
mean follow-up period (from T1 to TF) was 4.3 years and ranged
from 3 to 6 years.

Overall sample characteristics are provided in Table 1. On
average, women in this study were 52 years old, non-Hispanic
white, married, college-educated, and employed at study entry.
The majority had lumpectomy with radiation therapy, approxi-
mately half received chemotherapy, and 70% received endocrine

therapy.

Identifying Fatigue Trajectories

The best fitting model based on both fit indices was the five
group, quadratic time model with random intercepts only (see
Supplementary Table S1). The average estimated probability of
belonging to each group was high (.82) indicating that most
women could be placed in one group with a high degree of
certainty (see Supplementary Figure S2). The groups were labeled
High (n = 21), characterized by persistently elevated fatigue;
Recovery (n = 53), characterized by initially high but decreasing
fatigue; Late (n = 33), characterized by initially low but gradually
increasing fatigue; Low (n = 65), characterized by initially low
and gradually decreasing fatigue; and Very Low (n = 19), char-
acterized by persistently stable and low fatigue. The trajectory
parameter estimates from the growth models for each group arein
Table 2. The Low and Recovery groups demonstrated significant
declines over time, while the Late group significantly increased.
The Very Low and High groups were relatively stable. The esti-
mated average tragjectories for each group are shown in Figure 2.
Mean fatigue levels at T1 based on raw scores for each group are
as follows: High group = 16.10, Recovery group = 16.00, Late
group = 5.24, Low group = 6.12, and Very Low group = 2.53.
Note that fatigue scores in the High and Recovery groups at
baseline were approximately three times higher than noncancer
controls (mean for noncancer control group in validation sample =
5.06; Stein et a., 1998). Supplementary Figure S3 shows the
individual fatigue trajectories for each woman in each fatigue
trajectory group. There were no large differences in the amount of
missing data at each study assessment (T2 to TF) by fatigue
trajectory group (graphed in Supplementary Figure S4) and chi-
squared tests confirmed that there were no statistically significant
differences in amount of missingness at any assessment (al p >
.05).

Predicting Fatigue Trajectory Groups

Because both the Very Low and Low Groups had relatively low
fatigue throughout, for simplicity they were collapsed and are
simply called Low when testing predictors. Table 1 shows descrip-
tive statistics for potential predictors by latent trajectory group
along with tests for bivariate relations. There were significant
associations between BMI, childhood adversity, depressive symp-
toms, subjective sleep quality, and sTNF-RII levels and fatigue
group (al ps < .05) and atrend for cancer treatment (p < .10). The
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Table 1
Sample Characteristics Overall and by Trajectory Group

Latent Trajectory Group

Overal Very Low/Low Late Recovery High p value

Age (years) 51.75 (8.33) 51.79 (8.57) 52.93 (6.64) 50.79 (9.50) 52.14 (6.60) 707

Race/Ethnicity 415
White 151 (79.1) 64 (76.2) 29 (87.9) 43 (81.1) 15(71.4)

Non-White 40 (20.9) 20(23.8) 4(12.1) 10 (18.9) 6 (28.6)

Marital Status 486
Married 124 (65.3) 55 (66.3) 19 (57.6) 38(71.7) 12 (57.1)

Not Married 66 (34.7) 28(33.7) 14 (42.4) 15(28.3) 9(42.9)

Education 917
Less than college degree 35(18.3) 15(17.9) 8(24.2) 9(17.0) 3(14.3)

College degree 56 (29.3) 27(32.1) 7(21.2) 16 (30.2) 6 (28.6)
More than college degree 100 (52.4) 42 (50.0) 18 (54.5) 28 (52.8) 12 (57.1)

Employment Status .206
Employed full- or part-time 123 (64.7) 57 (68.7) 23 (69.7) 28 (52.8) 15(71.4)

Not employed 67 (35.3) 26 (31.3) 10 (30.3) 25 (47.2) 6 (28.6)

Income Group 125
<$100,000 75 (40.1) 27(33.3) 11(33.3) 26 (49.1) 11 (55.0)
=$100,000 112 (59.9) 54 (66.7) 22 (66.7) 27 (50.9) 9 (45.0)

Surgery Type .309
Lumpectomy 126 (66.0) 60 (71.4) 18 (54.5) 33(62.3) 15(71.4)

Mastectomy 65 (34.0) 24 (28.6) 15 (45.5) 20(37.7) 6 (28.6)

Cancer Stage at Diagnosis 136
0 25(13.1) 9(10.7) 5(15.2) 5(9.4) 6 (28.6)

1 88 (46.1) 40 (47.6) 19 (57.6) 21 (39.6) 8(38.1)
2+ 78 (40.8) 35(41.7) 9(27.3) 27 (50.9) 7(33.3)

Treatment type .082
Chemotherapy + Radiation 78 (40.8) 32(38.1) 10 (30.3) 27 (50.9) 9(42.9)
Chemotherapy only 21 (11.0) 7(8.3) 4(12.1) 10 (18.9) 0(0)

Radiation only 64 (33.5) 33(39.3) 11 (33.3) 12 (22.6) 8(38.1)
Neither 28 (14.7) 12 (14.3) 8(24.2) 4(7.5) 4(19.0)

Endocrine Therapy 372
No 55 (29.3) 25(30.5) 9(27.3) 18 (34.6) 3(14.3)

Yes 133(70.7) 57 (69.5) 24.(72.7) 34 (65.4) 18(85.7)

Number of Comorbidities .270
None 140 (73.3) 66 (78.6) 20 (60.6) 39(73.6) 15(71.4)
1+ 51 (26.7) 18 (21.4) 13(39.4) 14 (26.4) 6 (28.6)

Body Mass Index (BMI) 25.70 (5.38) 24.68 (4.77)? 25.84 (5.19) 26.27 (5.70) 28.23 (6.49)% .044

Childhood adversity (RF) 28.06 (10.50) 26.91 (9.43) 24.78 (11.17)2 31.02 (10.76)* 31.16 (11.01) .024

Depressive symptoms (BDI-I1) 8.88 (6.86) 5.91 (5.15)* 6.82 (5.78)™ 12.77 (6.80) 14.00 (7.11)%® <.001

Sleep disturbance (PSQI) 7.61(3.54) 6.70 (3.48)® 7.39(3.35) 8.54 (3.38)° 9.35(3.51) .002

CRP (log mg/L) .04 (1.27) —.18(1.24) —.03(1.29) .36 (1.24) .24 (1.37) .128

IL1IRA (log pg/ml) 5.37 (.50) 5.30 (.50) 5.37 (.47) 5.44 (.50) 5.44 (.57) 447

IL6 (log pg/ml) .34 (.56) .34 (.58) .28 (.59) .35(.54) 45 (.50) .810

STNF-RII (log pg/ml) 7.70 (.26) 7.65 (.27)2 7.74(.27) 7.78 (.24)? 7.64(.27) .036

1L6-174 498
GG 83 (48.0) 37 (48.7) 12 (40.0) 26 (55.3) 8(40.0)

GC 67 (38.7) 31(40.8) 11 (36.7) 15 (31.9) 10 (50.0)
CcC 23(13.3) 8(10.5) 7(23.3) 6(12.8) 2(10.0)

TNF-308 153
GG 131 (75.3) 59 (76.6) 17 (56.7) 40 (85.1) 15 (75.0)

GA 40 (23.0) 16 (20.8) 12 (40.0) 7(14.9) 5(25.0)
AA 3(17) 2(2.6) 1(3.3) 0(.0) 0(.0)

IL1B-511 .586
CcC 21(12.2) 709.) 3(10.0) 8(17.4) 3(15.8)

CT 87 (50.6) 43 (55.8) 12 (40.0) 23(50.0) 9(47.4)
TT 64 (37.2) 27(35.1) 15 (50.0) 15 (32.6) 7(36.8)

Note. Values represent mean (standard deviation) for continuous variables and frequency (percent) for categorical variables. p values refer to a test for
bivariate relations between each variable and trajectory group. Pairwise comparisons were conducted for predictors that showed a significant overall effect;
groups that differed significantly are indicated by the same letter. BDI-II = Beck Depression Inventory-11, PSQI = Pittsburgh Sleep Quality Index, RF =
Risky Families Questionnaire, CRP = C-reactive protein, ILIRA = interleukin-1 receptor agonist, IL6 = interleukin-6, STNF-RIl = soluble receptor for
tumor necrosis factor type I1. Note that scores on the BDI-I1 displayed in Table 1 represent the total score, including all items, though for analyses the two
energy/fatigue items were deleted.
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Table 2
Trajectories by Group From the Final Growth Mixture Model
Very Low Low
Term b [95% ClI] b [95% Cl]

Late
b [95% ClI]

Recovery
b [95% ClI]

High
b [95% ClI]

Intercept 2.21*[.50, 3.92]

Y ears since Treatment (linear slope) —.05[—.25, .15]

Y ears since Treatment Squared
(quadratic slope)

Residual Variance

N

107 [.01, .18]
74" .23, 1.26]
19

459" [3.80, 5.38]
— 48 [-.84,—.12] —1.82"**[-2.28, —1.36]

.05[~.10, .20]
7.00"* [3.18, 10.82]
65

9.26"*[7.97,1056]  8.66™[6.10,11.22] 18.08"* [17.23, 18.93]

86" [.07, 1.65] 34[~.12, .80]
61743, .78] —12[- 45, 22] —.20[—.48, .09]
15.28" [11.39, 19.16]  23.84"" [15.71, 31.96] 8.70"* [5.32, 12.08]
53 33 21

Note. Vaues are unstandardized regression coefficients estimated from the growth mixture model for each group with 95% confidence intervals in
brackets. N = estimated number of women in each group. The intercept was centered at two-years post treatment.

“p<.05 ™p<.0lL p<.001

High and Recovery groups had the highest levels of depressive
symptoms, childhood adversity, sleep disturbance, and BMI,
whereas the Low group had the lowest levels of these predictors
(except childhood adversity, which was lowest in the Late group).
The High group aso had the highest rate of endocrine therapy
(85.7% received endocrine therapy). In contrast, the Recovery
group had the highest rate of chemotherapy (69.8%) and the lowest
rate of endocrine therapy (65.4%). Among the biological predic-
tors, the inflammatory marker STNF-RII was elevated in the Re-
covery group relative to the Low group.

To examine the unique predictive utility of these factors, they
were entered along with an a priori predictor, endocrine therapy,
simultaneously into a multinomial logistic regression predicting
trgjectory group. For the regression analysis, cancer treatment was
coded as chemotherapy (+/— radiation), radiation alone, or nei-
ther. Likelihood ratio tests of the overal significance of each
predictor revealed that only T1 depressive symptoms was uniquely
significant overall, with trends for cancer treatment and childhood
adversity (see Table 3). Results for individual pairwise contrasts
between trajectory groups in the multivariate model are presented
in detail in Table 3 and summarized here. In terms of treatment

201

exposures, women who received chemotherapy (with or without
radiation therapy) were significantly more likely to be in the
Recovery group than either the High or Late group. In contrast,
those who received endocrine therapy were more likely to bein the
High group than the Recovery group. In terms of psychological
factors, women with higher levels of depressive symptoms at T1
were more likely to be in the High or Recovery groups than the
Low group, and women with higher levels of childhood adversity
were more likely to bein the High or Recovery group than the Late
group. No factor distinguished the Low from the Late group.

Discussion

This study examined trajectories of posttreatment fatigue in
women with early stage breast cancer who were followed for up to
6 years after treatment. We identified 5 distinct trajectories, which
generally represent four different patterns of fatigue. The majority
of women (44%) had either low or very low levels of fatigue
throughout the study period. This is clearly a low risk group,
whose fatigue levels are comparable to women of similar age with
no cancer history (Stein et al., 1998). A Late group (17%) had low

High (n = 21) — - === = = e e o -
- -

- — —
Recovery (n = 53)
o
)
c
©
0] 3 -
2 -
=
Very Low (n = 19)
0 T T T T T
0 1 2 3 4 5

Years Since End of Treatment

Figure 2. Estimated trajectories of fatigue in the 5 groups over the follow-up period.
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Table 3
Multinomial Logistic Regression Analyses Predicting Latent Trajectory Group
Low v High Late v High Recovery v High Low v Recovery Late v Recovery Low v Late pvaue

Treatment (ref = neither)

Chemotherapy + 6.48[.90,46.61] 1.63[.20,13.34] 37.85™[2.75,520.80] .17[.02, 1.81] .04"[.00,.54] 3.87[.82, 19.10] .089

Radiation Only 252[.39,16.27] .93[.12,6.97)  1051[.75,148.14]  .24[.02,2.68] .09[.01,117] 2.72[.58, 12.80]
Endocrine Therapy 16[.03,1.01]  .33[.05,2.44] 14" .02, .85] 121[42,352] 244[59,10.07] .50[.14,1.75]  .136
BMI 56"[.32,1.01]  .74[.40, 1.37] 70[.39, 1.26] 80[49,1.32] 1.05[.60,1.84] .76[46,202]  .274
Depressive symptoms .33 [.15,.72]  .35"[.15, .84] 73[.37, 1.43] A46°[25,.84]  48[.22,1.02]  .96[.48,231]  .014
Childnood adversity 65[.32,1.32] .40°[.17, .92] 85[.42,1.72] T7[49,1.19] 47°[24,.90] 164[89,304 087
Sleep disturbance 60[.27,131]  .79[.33, 1.85] .86[.38, 1.95] 69[42,1.15]  .91[49,1.69] .76[.45,129  .365
STNF-RII (log pg/ml) 1.23[.61,2.49] 1.95[.90, 4.21] 1.65[.80, 3.42] 75[46,1.22] 1.18[65 215  .63[.38,1.06  .169

Note. Vauesare oddsratios. For continuous variables (BMI, BDI-I1, Risky Families, PSQI, STNF-RII), predictors were standardized. In thistable, Low =
membership in the Very Low or Low fatigue groups. Due to missing data on individua predictors, N = 150. p values indicate the multivariate statistical

significance of a predictor independent of all other factors in the model.
"p<.05 ™p<.0l

fatigue at the initial assessment but gradually increased over the
follow-up period. A Recovery group (28%) had high fatigue at the
initial posttreatment assessment that declined over the follow-up
period, but never reached the level of the Low/Very Low group.
Finally, a small High group (11%) of women had elevated fatigue
across the study period.

These trajectories identify several at risk groups of women,
particularly those in the High and Recovery groups whose fatigue
levels were approximately 3 times higher than noncancer controls
at posttreatment (Stein et al., 1998). Psychological factors emerged
as the strongest predictors of membership in these groups, partic-
ularly depressive symptoms and childhood adversity, which dis-
criminated the High and Recovery groups from the Low and Late
groups in bivariate and multivariate analyses. Women completed
the measure of depressive symptoms (BDI-I1) within 3 months
after treatment completion, when symptoms are typically declining
(Henselmans et a., 2010). However, the mean score for women in
the High group was 14, which falls into the “mild” range of major
depression (Beck, Steer, & Brown, 1996) and is elevated both in
this sample and relative to other samples of women with breast
cancer (who typically score below clinical thresholds; (Stanton &
Bower, 2015)). Fatigue and depression are closely related in the
context of cancer (Jacobsen, Donovan, & Weitzner, 2003) and
previous studies have shown that history of depression (An-
drykowski, Schmidt, Salsman, Beacham, & Jacobsen, 2005) and
depressive symptoms predict posttreatment fatigue (Dhruva et al.,
2010; Geinitz et a., 2004). Overdl, these findings highlight the
importance of depression as a risk factor for persistent fatigue in
the years after breast cancer treatment.

Our findings also identify childhood adversity as a risk factor
for persistent fatigue. Women in the High and Recovery groups
reported higher levels of abuse, neglect, and household conflict
and disorganization during their childhood years than women in
the Very Low/Low and Late groups, and relative to other samples
of breast cancer survivors (McFarland et a., 2016). Childhood
adversity is known to predict a range of poor mental and physical
health outcomesin adulthood (Felitti et al., 1998), and a handful of
studies have documented links with cancer-related fatigue (Bower
et a., 2014; C. P. Fagundes et d., 2012; Han et al., 2016; Witek
Janusek et a., 2013). The mechanisms through which childhood
adversity influences fatigue in cancer patients have not been de-

termined, but may include alterations in neural, neuroendocrine,
immune, and/or behavioral processes of potentia relevance for
fatigue (Heim et a., 2009; Kuhlman, Chiang, Horn, & Bower,
2017; Lupien, McEwen, Gunnar, & Heim, 2009; Miller, Chen, &
Parker, 2011).

Treatment exposures were also uniquely associated with fatigue
trgjectories, and specifically discriminated between the High and
Recovery groups. Here, the pattern of results suggested that che-
motherapy may have contributed to the acute elevations in fatigue
observed in the Recovery group (who had the highest rate of
chemotherapy exposure), whereas endocrine therapy may have
contributed to the persistent fatigue observed in the High group
(who had the highest rate of endocrine therapy exposure). Another
potential at risk group is the Late group, who demonstrated an
increase in fatigue over time and eventually reached the level seen
in the Recovery group. However, risk factors for membership in
this group were not evident in this sample. Of note, neither
demographic nor medical factors, including comorbidities, were
associated with fatigue trajectories.

In terms of biological risk factors, results of bivariate analyses
showed that one of the inflammatory markers assessed, soluble
TNF receptor type |1, was elevated in the Recovery group relative
to those in the Very Low/Low group. We have previously shown
an association between fatigue and sTNF-RII in a subset of this
cohort at the T1 assessment, particularly among women treated
with chemotherapy (Bower et al., 2011). The current results are
consistent with these earlier findings and suggest that
chemotherapy-related elevations in STNF-Il are associated with
higher levels of fatigue in the immediate aftermath of treatment.
We did not find an association between cytokine-related genetic
variants and fatigue trajectories, in contrast with our earlier find-
ings showing an association between high expression variants in
proinflammatory cytokine genes and immediate posttreatment fa-
tigue at T1 in this cohort (Bower et a., 2013).

To our knowledge, only three previous studies have examined
trgjectories of cancer-related fatigue in the months after cancer
treatment (Bgdtcher et a., 2015; Donovan et al., 2007; Kober et
al., 2016). All identified two trajectories, high and low, though the
percentage of patients falling into the two groups differed across
samples. The longer follow-up in the current study may have
provided more of an opportunity to identify distinct trgjectories,
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including changes in fatigue that became evident severa years
after treatment completion. The trajectory groups identified here
are more consistent with those observed in studies of adjustment to
bereavement and other stressful life events described by Bonanno
(Bonanno et a., 2011). In particular, the Low/Very Low fatigue
group resembles the “resilient” profile, which is characterized by
minima symptoms, whereas the High and Recovery groups
resemble the “chronic” and “recovering” profiles, respectively.
Bonanno et al. (2011) suggests that there are multiple, inde-
pendent predictors of resilient outcomes which may vary based
on timing and context, consistent with our results. There may
also be common risk and resilience factors across stressors and
potentially, across outcomes. Thus, research on adjustment to
cancer may benefit from incorporating predictors identified in
the broader literature on adjustment to stressful life events;
similarly, research on trajectories of adjustment to stress could
be enhanced by considering predictors identified in the context
of cancer as well as outcomes that are important in this group,
including fatigue.

A notable strength of the study is the long follow-up, with
women an average of 4.3 years after treatment at the final study
assessment compared to 6- and 8-months in previous studies.
However, the sample sizes in individual fatigue trajectory groups
were modest (19 to 65), resulting in limited power to detect
baseline factors that distinguished trajectory groups. Other treat-
ment or sociodemographic factors may have emerged as signifi-
cant predictors in alarger sample. On arelated note, although this
study included key biological and behavioral variables associated
with fatigue in previous research, we did not assess risk factors
such as physical activity and fatigue catastrophizing that may also
play an important role in persistent fatigue (Badtcher et al., 2015;
Donovan et a., 2007). Further, the sample was relatively homo-
geneous, reflecting the geographic area from which women were
recruited and assessed. The extent to which these results will hold
for other populations requires careful consideration in future re-
search. Finaly, there was a substantial amount of missing data at
later study assessments (T4 to TF); however, there was no evi-
dence that missingness differed between fatigue trajectory classes.
Furthermore, retention was excellent (>90%) for the first three
study assessments, and most classes evidenced stable trajectories
or (in the case of the Recovery class) had most change occur in the
first two years after treatment completion, where data were rela-
tively complete.

Overall, these findings highlight substantial individual variabil-
ity in response to cancer diagnosis and treatment and identify
distinct subgroups of patients with very different experiences of
fatigue in the years posttreatment. Psychological factorsincrease a
woman's risk of experiencing fatigue, both in the immediate
aftermath of treatment and over the following years. Treatment
exposures aso play arole and may interact with host vulnerabil-
ities to promote and maintain fatigue in otherwise healthy survi-
vors. Future research should interrogate the pathways linking risk
factors with cancer-related fatigue, which will facilitate the devel-
opment and deployment of targeted interventions for those most at
risk. For example, we have recently shown that the association
between childhood trauma and depressive symptoms in women
with breast cancer is mediated by deficits in mindfulness and
optimism (Kuhlman, Boyle, et a., 2017), suggesting a potential
target for intervention (i.e., mindfulness-based therapy). Similarly,

BOWER ET AL.

determination of risk factors and mechanisms for cancer-related
fatigue could be used to help screen and provide early intervention
for vulnerable patients, which should reduce the burden of fatigue
in the growing population of breast cancer survivors.
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