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Abstract
Background Chronic lymphocytic leukemia is the most 
prevalent adult leukemia. The disease is incurable with 
a cycling of treatment and relapse common. Little is 
known about the psychological and physical functioning 
of patients with relapsed/refractory chronic lymphocytic 
leukemia. Cancer-specific stress is an important individ-
ual difference variable that predicts psychological and 
physical outcomes.
Purpose To examine cancer-specific stress at treatment 
initiation as a predictor of psychological and physi-
cal functioning trajectories in patients with relapsed/
refractory chronic lymphocytic leukemia during the first 
5 months of treatment.
Methods Patients with relapsed/refractory chronic lym-
phocytic leukemia (N = 152) enrolled in a phase II clin-
ical trial completed self-report measures at treatment 
initiation (baseline), 1, 2, and 5  months of treatment. 
Cancer-specific stress at baseline was examined as a 
predictor of psychological (cognitive-affective depres-
sive symptoms, negative mood, mental health quality of 

life) and physical functioning (fatigue interference, sleep 
problems, physical health quality of life), controlling for 
demographic and treatment variables.
Results Using multilevel modeling, higher baseline 
cancer-specific stress was related to worse psychologi-
cal (cognitive-affective depressive symptoms, negative 
mood, mental health quality of life) and physical func-
tioning (fatigue interference, sleep problems) at baseline 
and more rapid improvements during the next 5 months. 
Despite these improvements, higher baseline cancer-spe-
cific stress remained associated with poorer 5-month 
psychological, though not physical, functioning.
Conclusions Findings suggest cancer-specific stress 
at treatment initiation may be a risk factor for poorer 
psychological functioning during treatment for patients 
with relapsed/refractory chronic lymphocytic leukemia.

Keywords  Stress • Chronic lymphocytic leukemia • 
Psychological • Symptoms  • Quality of life

Introduction

Chronic lymphocytic leukemia is the most prevalent adult 
leukemia in the USA and accounts for about one-quarter 
of new leukemia cases [1]. Chronic lymphocytic leukemia 
has a unique disease trajectory. Asymptomatic patients 
diagnosed with early-stage disease (i.e., Rai stages 0–II) 
do not receive treatment but are continually monitored 
until requiring treatment, as treatment at this stage has 
not been shown to offer a survival advantage [2]. For 
those patients with initially advanced disease or those who 
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become symptomatic, chemoimmunotherapy provides 
high rates of response with the majority of patients hav-
ing significant improvements in disease burden. However, 
treatments are not curative and all patients eventually 
relapse requiring further treatment for their disease, with 
a pattern of relapse and re-treatments for many.

For patients with chronic lymphocytic leukemia, 
undergoing the multiple cycling of treatments may take 
a psychological and physical toll. Yet, psychosocial data 
on patients with chronic lymphocytic leukemia are lim-
ited, particularly in comparison to that of solid tumor 
patients [3, 4]. With all leukemias accounting for less 
than 4% of the annual number of new cancer cases, 
accrual of adequate numbers for psychosocial studies 
is difficult unless done at a large cancer center or with 
internet surveys [5]. Available psychosocial data rely pri-
marily on quality of life measures, such as the European 
Organization for Research and Treatment of Cancer 
Quality of Life Questionnaire. Findings support that 
patients with treated and untreated chronic lymphocytic 
leukemia have poorer quality of life compared to popula-
tions norms, as might be expected [6–8]. While quality of 
life measures are useful as global indicators, additional 
inclusion of specific measures of psychological function-
ing (e.g., negative mood) administered longitudinally 
would provide new clarity about the patient experience.

Studies in chronic lymphocytic leukemia also find that 
patients are burdened with significant physical symp-
toms. In a clinical trial of patients beginning their first 
treatment, 81% of patients reported fatigue and 56% 
reported sleep disturbances at treatment initiation [8]. 
In a mixed sample of previously treated and untreated 
patients, fatigue was significantly worse compared to 
healthy matched controls [6]. Despite the poor quality 
of life and high prevalence of physical symptoms, little 
is known about predictors of worse psychological and 
physical functioning in this population. Empirical iden-
tification of predictors of psychological and physical 
functioning is important for identifying patients at risk 
for poor long-term outcomes and further, could inform 
the provision of supportive services for them. This is par-
ticularly relevant for patients with chronic lymphocytic 
leukemia, as they may live with their disease for years.

Traumatic stress, or cancer-specific stress, is one can-
didate for predicting worse psychological and phys-
ical functioning. The news of a cancer diagnosis or 
recurrence, coupled with the anticipation of treatment, 
is stressful and akin to a traumatic stressor [9–11]. 
Exposure to traumatic stressors increases risk for poorer 
mental and physical health outcomes [12]. Additionally, 
with individual variability in response to a trauma, those 
individuals who develop traumatic stress symptoms are 
at risk for even worse outcomes. In response to a med-
ical diagnosis or other traumatic stressor, greater trau-
matic stress symptoms are not only related to poorer 

psychological functioning, but also poorer physical 
health and worse disease outcomes [12–19].

In the context of cancer, cancer-specific stress is com-
monly assessed with the Impact of Event Scale [20, 21], 
and as such is conceptualized as the experience of intru-
sive thoughts (e.g., other things kept me thinking about it) 
and avoidant thoughts/behaviors (e.g., I stayed away from 
reminders of it). The Impact of Event Scale was devel-
oped out of studies of traumatic experiences suggesting 
that the stress response can include periods of intrusive, 
negative thoughts coinciding or oscillating with periods 
of avoidant thoughts and behaviors [20, 22]. An excessive 
or persistent stress response can prolong the experience 
of the trauma and influence psychological and physical 
functioning outcomes [22]. When considered in this man-
ner, cancer-specific stress covaries with measures of other 
important constructs, such as depressive symptoms, neg-
ative mood, quality of life, and biologic responses (e.g., 
downregulated immunity [23–26]). It is also the case 
that cancer-specific stress is an important individual dif-
ference variable that predicts subsequent psychological 
functioning [27–29]. For example, in newly diagnosed, 
post-surgery breast cancer patients, cancer-specific stress 
predicted quality of life 4 and 12 months later [27]. To our 
knowledge, the relationship of cancer-specific stress and 
psychological functioning in patients with chronic lym-
phocytic leukemia has not been previously studied.

Cancer-specific stress has also been shown to covary 
with physical health. In the only study to date, to our 
knowledge, examining cancer-specific stress and physical 
health in patients with chronic lymphocytic leukemia, 
cancer-specific stress was associated with symptom bur-
den in early-stage patients receiving active surveillance 
[30]. This is consistent with studies in other cancers find-
ing that cancer-specific stress covaries with sleep difficul-
ties [31], treatment toxicities [24], and symptom burden 
[25, 32]. The longitudinal relationship of cancer-specific 
stress and physical functioning in patients with relapsed/
refractory chronic lymphocytic leukemia undergoing 
treatment is unknown.

To address gaps in the literature, a longitudinal design 
is used to study cancer-specific stress at treatment initia-
tion as a predictor of concurrent and subsequent psycho-
logical and physical functioning in patients with relapsed/
refractory chronic lymphocytic leukemia from the time of 
treatment initiation through its continuation in the next 
5 months. Psychological functioning is conceptualized as 
cognitive-affective depressive symptoms, negative mood, 
and mental health quality of life. Physical functioning 
was assessed using measures of fatigue interference, sleep 
problems, and physical health quality of life. Multilevel 
models test the hypothesis that higher levels of baseline 
cancer-specific stress would be associated with poorer 
concurrent psychological functioning and predict worse 
psychological functioning trajectories. Similarly, models 
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test the hypothesis that cancer-specific stress would be 
associated with worse physical functioning at baseline 
and predict worse physical functioning trajectories.

Methods

Participants

A total of 152 patients with relapsed/refractory chronic 
lymphocytic leukemia participated. Participants were pre-
dominantly male (n = 108; 71%) and Caucasian (n = 147; 
97%), with a mean age of 64.1 years (SD = 10.8 years; 
range = 26–91). The majority reported an education level 
beyond high school/technical school (68%) and were in 
a relationship with a significant other (86%). Patients 
had received a median of 3 (mean  =  3.5; SD  =  2.6; 
range = 1–16) prior therapies and 32% of patients had 
at least one additional comorbidity as assessed with the 
Charlson Comorbidity Index (described below [33]).

Procedures

The Institutional Review Board associated with a univer-
sity-affiliated, National Cancer Institute-designated com-
prehensive cancer center granted ethical approval for a 
phase II, non-randomized drug (ibrutinib) trial. Eligibility 
requirements included a current indication of treatment, 
failure of at least one prior therapy, life expectancy greater 
than 2 months, Eastern Cooperative Oncology Group per-
formance status of 0–2 (i.e., spending more than 50% of 
waking hours up and about), and other medical require-
ments (e.g., normal organ function; #NCT01589302 at 
clinicaltrials.gov). Informed consent was obtained from 
all individual participants included in the study.

One hundred seventy-one patients provided consent 
for the trial from May 2012 to July 2014. Nineteen were 
found to be ineligible and the remaining participants 
(N = 152) started treatment on the study. Treatment was 
420  mg ibrutinib taken daily by mouth in continuous, 
28-day cycles until disease progression or unacceptable 
toxicity. The current study used questionnaires com-
pleted by participants as part of the trial at four time-
points: prior to or on the first day of treatment (day 1 of 
cycle 1), day 1 of cycles 2 (month 1), 3 (month 2), and 6 
(month 5). The majority completed the baseline assess-
ment on day 1 of cycle 1 (n = 144), while eight completed 
it at a screening day within 14 days prior to day 1.

Measures

Predictor

Cancer-specific stress: The Impact of Event Scale-
Revised [20, 21] is a 22-item questionnaire that assesses 
intrusive thoughts (e.g., any reminders brought back 

feelings about having chronic lymphocytic leukemia), 
avoidant thoughts/behaviors (e.g., I  tried not to talk 
about chronic lymphocytic leukemia), and hyperarousal 
(e.g., I was jumpy and easily startled). Participants rated 
the intensity of these feelings or events in the past week 
using a five-point Likert scale ranging from 0 = not at 
all to 4  =  extremely. Commonly used in cancer stud-
ies [10, 20, 23], the original Impact of Event Scale did 
not include the hyperarousal items and, thus, they were 
not included here. The intrusive thoughts and avoidant 
behaviors/thoughts items were summed for a total score 
(range 0–64). The baseline Cronbach’s alpha was .87.

Outcomes: psychological functioning

Cognitive-affective depressive symptoms: The Beck 
Depression Inventory-2nd edition [34] is a 21-item 
measure of depressive symptoms. Participants rated 
their symptoms in the past month on a scale from 0 to 
3.  Items were summed, with higher scores indicating 
more depressive symptoms. Scores were calculated repre-
senting the cognitive-affective (items 1–14; e.g., sadness, 
loss of pleasure) and the somatic symptoms associated 
with depression (items 15–21; e.g., fatigue, insomnia), as 
has been previously done [35, 36]. As the somatic symp-
toms are confounded with physical symptoms experi-
enced by cancer patients, analyses were conducted using 
only the cognitive-affective subscale [37]. The scores on 
the cognitive-affective subscale could range from 0 to 
42. The Cronbach’s alpha ranged from .80 to .88 across 
assessments.
Negative mood: The Profile of Mood States–Short Form 
[38] is a 37-item questionnaire used to assess negative 
mood. Participants rated how much they felt a certain 
emotion (e.g., tense, angry) in the past week on a five-
point Likert scale (0 = not at all, 1 = a little, 2 = moder-
ately, 3 = quite a bit, 4 = extremely). Six mood subscales 
were obtained: anxiety, depression, anger, vigor, fatigue, 
and confusion. The total mood disturbance score was 
calculated from the sum of the subscale scores (with the 
vigor scale subtracted from the total) with higher scores 
indicating greater negative mood. Due to researcher 
error, one confusion subscale item (i.e., unable to con-
centrate) was incorrectly specified for almost half  the 
assessments and removed from the analyses. Thus, the 
possible range on the total mood disturbance score was 
−24 to 120. The Cronbach’s alpha for the total mood 
disturbance ranged from .95 to .96 across assessments.
Mental health quality of life: The Mental Component 
Summary score of the Medical Outcomes Study–12-
Item Short-Form Health Survey (SF-12 [39, 40]) is a 
measure of mental health quality of life. The 12-Item 
Short-Form Health Survey assessed eight aspects of 
quality of life including physical functioning, role func-
tioning-physical, bodily pain, general health perceptions, 
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vitality, social functioning, role functioning-emotional, 
and mental health. The eight primary subscales were 
summarized into two component scores: the Mental 
Component Summary and the Physical Component 
Summary. Higher scores reflect better quality of life. 
The 12-Item Short-Form Health Survey is a widely used 
measure of quality of life and there is evidence for its 
reliability and validity in chronic illness populations [40].

Outcomes: physical functioning

Fatigue interference: The seven-item total disruption 
index subscale of the Fatigue Symptom Inventory [41] 
was used to measure the degree of interference of fatigue 
on various aspects of life in the past week (e.g., enjoy-
ment of life, work, relations with other people). Items 
were rated on an 11-point Likert scale from 0 = no inter-
ference to 10 = extreme interference. Total scores could 
range from 0 to 70, with higher scores indicating greater 
fatigue interference. Cronbach’s alpha ranged from .94 
to .95 across assessments.

Sleep problems: The six-item sleep problems index I of 
the Medical Outcomes Study–Sleep Scale [42] was used 
to assess sleep problems. Participants reported how 
often they experienced six specific difficulties with sleep 
(e.g., awaken during your sleep and have trouble falling 
asleep again) on a six-point Likert scale (1 = all of the 
time to 6 = none of the time). Scores were transformed 
into a 0–100 scale with higher scores indicating greater 
sleep problems. Cronbach’s alpha ranged from .73 to .74 
across assessments.

Physical health quality of life: As described above, the 
Medical Outcomes Study–12-Item Short-Form Health 
Survey measured quality of life. The Physical Component 
Summary measured physical health quality of life.

Covariates

Data for gender were self-reported, and age and prior 
number of therapies were obtained from chart review. 
The Charlson Comorbidity Index, a validated measure 
of risk of death from comorbid conditions, was used to 
estimate the prevalence of health comorbidities [33]. The 
index is comprised of 19 conditions, with each weighted 
from 1 to 6 based on severity and relationship to mor-
tality. The two points for chronic lymphocytic leukemia 
were not included in the scoring. Total scores could range 
from 0 to 30, with scores not adjusted for age.

Analytic strategy

Summary statistics were calculated, and bivariate 
correlations were conducted between covariates and 
outcomes and between cancer-specific stress and out-
comes at baseline. For the primary analyses, multilevel 

modeling tested baseline cancer-specific stress as a 
predictor of  trajectories of  psychological and physical 
functioning. Multilevel modeling is advantageous to 
other repeated-measures analyses because it utilizes all 
available data, while producing consistent, efficient esti-
mates. Specifically, it uses full information maximum 
likelihood for estimating parameters in the presence of 
missing data [43].

Separate models were conducted for each outcome. 
Each model was constructed in three steps: (i) An uncon-
ditional growth model containing only fixed effects using 
linear and quadratic trajectories as the only predictors 
was conducted for the outcome of interest, with the 
quadratic model retained if  the quadratic slope was sig-
nificant (p < .05). (ii) Intercept (baseline), linear change, 
and quadratic change (if  needed) and their covariances 
were tested as random effects for all models by examin-
ing the Akaike Information Criterion and −2 log likeli-
hood to determine if  model fit improved with inclusion 
of the random effects [44]. The variance associated with 
the random intercept, linear slope, and quadratic slope 
indicates variability between participants at baseline, in 
their linear rate of change, and in their quadratic rate 
of change, respectively. (iii) All possible covariates and 
baseline cancer-specific stress were then added to the 
models. All main effects and two-way interactions with 
linear and quadratic (if  needed) functions were entered 
into the model. Scaled identity (constant variance), diag-
onal, first order autoregressive, and unstructured error 
covariance structures were examined and the best fitting 
was determined using the Akaike Information Criterion 
and the −2 log likelihood. The following were entered 
as covariates: age (continuous, mean-centered), gender, 
number of prior therapies (continuous, mean-centered), 
and comorbidity index (continuous). Analyses revealed 
the trajectory of each outcome and the association of 
baseline cancer-specific stress with this trajectory.

Results

Preliminary Analyses

Of the 152 patients, 144 (95%) completed a 1-month 
assessment, 141 (93%) completed a 2-month assessment, 
and 130 (86%) completed a 5-month assessment (see 
Fig. 1). Seventeen participants either died or were taken 
off  study protocol due to disease progression or adverse 
events by 5 months.

Descriptive statistics are presented in Table  1. At 
baseline, participants, on average, reported low levels 
of  psychological distress at treatment initiation, but 
reported physical health comparable to other cancer 
populations. For example, the baseline mental health 
quality of  life mean (M  =  52.45) was comparable to 
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published norms for the U.S.  population (M  =  49.37) 
and greater than that of  a general cancer population 
(M = 47.12 [40]). The baseline physical health quality 
of  life mean was 39.62, comparable to norms for cancer 
patients (M = 40.76) and worse than the U.S. popula-
tion average (M = 49.63 [40]).

At baseline, age was significantly correlated with phys-
ical health quality of life (r = −.16; p =  .05) and prior 
number of therapies was significantly correlated with 
fatigue interference (r = .18; p = .03) and physical health 
quality of life (r = −.28; p < .001). Cancer-specific stress 
was significantly correlated with cognitive-affective 
depressive symptoms (r = .50; p < .001), negative mood 
(r = .60; p < .001), mental health quality of life (r = −.42; 
p < .001), fatigue interference (r  =  .33; p < .001), and 
sleep problems (r = .30; p < .001), but not physical health 
quality of life (r = −.01; p = .93.).

Primary Analyses

In the unconditional growth models (cancer-specific 
stress and covariates not included) with fixed effects, 
the quadratic rate of change was significant for all out-
comes, except mental health quality of life. Excepting the 
mental health quality of life (which had a nonsignificant 
linear term), significant curvilinear improvement was 
found on all measures as evidenced by significant linear 
and quadratic effects in the unconditional models.

The results of the conditional multilevel models of 
baseline cancer-specific stress predicting the psycholog-
ical and physical outcomes with covariates included are 
presented in Table 2 and described next.

Psychological Functioning

As hypothesized, cancer-specific stress was significantly 
related to all psychological outcomes at baseline in Fig. 1  Flow diagram of participants.

Table 1  Descriptive statistics for cancer-specific stress and psychological and physical outcomes at baseline, 1 month, 2 months, and 
5 months

Baseline (N = 152) Month 1 (n = 144) Month 2 (n = 141) Month 5 (n = 130)

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Cancer-specific stress 9.18 (8.35) – – –

n = 152

Cognitive-affective depressive symptoms 2.82 (3.66) 1.85 (2.86) 1.65 (2.48) 1.88 (3.11)

n = 152 n = 143 n = 139 n = 130

Negative mood 7.55 (20.17) −1.67 (15.14) −1.21 (16.39) −0.89 (18.12)

n = 148 n = 139 n = 139 n = 128

Mental health quality of lifea 52.45 (8.89) 54.30 (8.39) 54.04 (8.42) 53.98 (8.72)

n = 151 n = 141 n = 136 n = 126

Fatigue interference 16.15 (15.59) 11.92 (15.15) 10.77 (13.42) 9.70 (13.11)

n = 151 n = 142 n = 138 n = 129

Sleep problems 29.53 (18.43) 23.59 (16.60) 23.88 (16.89) 24.08 (17.23)

n = 152 n = 143 n = 137 n = 129
Physical health quality of lifea

39.62 (11.82) 43.10 (11.14) 43.74 (11.08) 44.23 (11.31)
n = 151 n = 141 n = 136 n = 126

aHigher scores indicate better functioning.
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Table 2  Multilevel model results of cancer-specific stress predicting the psychological and physical functioning outcomes (N = 152)

Psychological functioning Physical functioning

Cognitive-affective 
depressive 
symptoms Negative moodb

Mental health 
quality of lifec

Fatigue 
interference Sleep problems

Physical health 
quality of lifec

Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE)

Fixed effects

  Intercept 0.50 (0.44) −7.06 (2.26)** 57.65 (1.06)*** 9.58 (2.05)*** 20.84 (2.46)*** 41.70 (1.58)***

  Lineara 0.02 (0.29) −0.41 (1.70) −0.43 (0.24) −0.71 (1.47) −2.71 (1.78) 2.22 (1.10)*

  Quadratic 0.02 (0.05) 0.12 (0.30) – 0.06 (0.26) 0.65 (0.33)* −0.34 (0.19)

  Cancer-specific stress 0.22 (0.03)*** 1.37 (0.16)*** −0.40 (0.07)*** 0.67 (0.14)*** 0.68 (0.17)*** −0.04 (0.11)

  Cancer-specific stress 
× linear

−0.08 (0.02)*** −0.65 (0.12)*** 0.06 (0.02)** −0.38 (0.10)*** −0.18 (0.12)d 0.01 (0.08)

  Cancer-specific stress 
× quadratic

0.01 (0.003)** 0.09 (0.02)*** – 0.05 (0.02)** 0.01 (0.02) 0.004 (0.01)

  Age −0.03 (0.02) 0.02 (0.12) 0.06 (0.06) 0.08 (0.11) −0.08 (0.13) −0.13 (0.09)

  Age × linear 0.05 (0.02)** 0.14 (0.09) −0.01 (0.01) 0.02 (0.08) 0.07 (0.10) −0.06 (0.06)

  Age × quadratic −0.01 (0.003)** −0.03 (0.02) – −0.01 (0.01) −0.02 (0.02) 0.02 (0.01)

  Comorbidity 0.31 (0.27) 0.96 (1.40) −1.30 (0.64)* 1.30 (1.24) 2.42 (1.48) −1.33 (0.95)

  Comorbidity × linear −0.11 (0.17) 0.73 (1.07) 0.20 (0.15) 0.26 (0.90) −1.14 (1.09) 0.35 (0.68)

  Comorbidity × 
quadratic

0.01 (0.03) −0.09 (0.19) – −0.02 (0.16) 0.18 (0.20) −0.09 (0.12)

  Gender (female) 0.28 (0.57) 2.12 (2.96) −0.16 (1.36) −1.23 (2.64) 1.87 (3.16) −2.66 (2.03)

  Gender × linear −0.17 (0.37) −1.14 (2.22) 0.07 (0.30) 1.28 (1.89) 2.72 (2.31) 1.05 (1.46)

  Gender × quadratic 0.03 (0.06) 0.27 (0.40) – −0.19 (0.34) −0.55 (0.42) −0.21 (0.25)

  Number of prior 
therapies

 0.10 (0.10)  1.00 (0.50)* 0.01 (0.23) 1.28 (0.45)** 0.99 (0.54) −1.20 (0.35)**

  Number of prior 
therapies × linear

−0.08 (0.06) −0.21 (0.38) −0.02 (0.05) −0.38 (0.32) −0.16 (0.39) 0.20 (0.25)

  Number of prior 
therapies × 
quadratic

0.01 (0.01) 0.04 (0.07) – 0.04 (0.06) −0.01 (0.07) −0.04 (0.04)

Random effects

  Intercept variance 8.25 (1.10)*** 217.62 (30.92)*** 36.21 (5.27)*** 147.11 (24.61)*** 231.10 (34.35)*** 102.13 (14.07)***

  Linear variance 2.27 (0.49)*** 92.20 (21.80)*** – 26.93 (15.11)* 69.76 (19.91)*** 33.32 (7.86)***

  Quadratic variance 0.06 (0.01)*** 2.74 (0.73)*** – 0.72 (0.50) 2.20 (0.66)*** 0.85 (0.24)***

  Intercept-linear 
covariance

−2.48 (0.60)*** −62.87 (19.83)** – −20.47 (14.24) −55.51 (20.40)** −22.67 (8.00)**

  Intercept-quadratic 
covariance

0.41 (0.10)*** 12.05 (3.47)** – 2.30 (2.42) 8.78 (3.58)* 2.92 (1.33)*

  Linear-quadratic 
covariance

−0.36 (0.08)*** −15.70 (3.92)*** – −4.32 (2.68) −12.08 (3.55)** −5.18 (1.34)***

  Random effects co-
variance structure

Unstructured Unstructured Intercept only Unstructured Unstructured Unstructured

  Residual covariance 
structure

Constant variance First order 
autoregressive

Constant 
variance

Constant variance Constant variance Constant variance

The bold values indicate the parameters of interest related to cancer-specific stress predicting outcomes.
aLinear refers to time (in months).
bFor negative mood analyses, n = 151.
cHigher scores indicate better functioning.
dFor sleep problems, if  the cancer-specific stress × quadratic variable is removed, the cancer-specific stress × linear variable becomes sig-
nificant (cancer-specific stress × linear parameter estimate = −0.15 (0.03); p < .001).
*p < .05, **p < .01, ***p < .001.
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the expected directions. Higher baseline levels of  can-
cer-specific stress were significantly associated with 
higher baseline cognitive-affective depressive symptoms 
and negative mood and lower mental health quality of 
life. Next, examining the relationship of  baseline can-
cer-specific stress with trajectories, cancer-specific stress 
was significantly related to both the linear and quadratic 
slopes of  cognitive-affective depressive symptoms and 
negative mood. Higher baseline cancer-specific stress 
was related to a faster decline, indicated by a more nega-
tive linear slope, in cognitive-affective depressive symp-
toms and negative mood. Higher cancer-specific stress 
at baseline was also related to a more positive quadratic 
slope, indicating a faster deceleration of  cognitive-af-
fective depressive symptoms and negative mood. With 
regards to mental health quality of  life, cancer-specific 
stress at baseline was significantly related to the linear 
slope. The quadratic slope was not included in analy-
ses, as it was not significant for mental health quality 
of  life. The findings indicate that higher baseline can-
cer-specific stress was related to a steeper improvement 

in mental health quality of  life, as indicated by a more 
positive linear slope. In summary, higher cancer-specific 
stress at baseline was related to poorer psychological 
functioning at baseline and a more rapid decline of 
cognitive-affective depressive symptoms and negative 
mood and more rapid improvement of  mental health 
quality of life.

The pattern of results for the psychological function-
ing outcomes is presented graphically in Fig.  2 using 
predicted scores from the multilevel models. In all mod-
els, cancer-specific stress was retained as a continuous 
variable, but for ease of understanding an illustration 
is provided in which the figures show “low” and “high” 
groups using a median split (Impact of Event Scale = 8) 
at baseline. Consistent with the models, the “high” group 
has higher cognitive-affective depressive symptoms and 
negative mood and lower mental health quality of life at 
baseline. The trajectories also show that the “high” group 
has a more rapid decline of cognitive-affective depres-
sive symptoms and negative mood, and a more rapid 
improvement of mental health quality of life compared 

Fig. 2  Trajectories of predicted scores of psychological outcomes (cognitive-affective depressive symptoms, negative mood, mental 
health quality of life) using multilevel modeling. Baseline cancer-specific stress scores are dichotomized using a median split for graphical 
purposes only. For mental health quality of life, higher scores indicate better functioning.
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to the “low” group, which appears to have little change 
over the 5 months on these outcomes.

Physical Functioning

The hypothesis that higher baseline cancer-specific stress 
would be related to worse baseline levels of physical 
functioning was supported for fatigue interference and 
sleep problems. For fatigue interference, higher base-
line cancer-specific stress was associated with a more 
negative linear slope, indicating a faster decline, and a 
more positive quadratic slope, indicating a faster decel-
eration. In the case of sleep problems, cancer-specific 
stress was not related to the linear or quadratic rate of 
change. However, after examination of the graphical rep-
resentation of the results, post hoc analyses were con-
ducted to examine whether removing the nonsignificant 
cancer-specific stress × quadratic term would affect the 
model results. When the nonsignificant cancer-specific 
stress × quadratic term was removed, cancer-specific 

stress was significantly associated with linear slope, indi-
cating that higher cancer-specific stress at baseline was 
related to faster rates of linear improvement in sleep 
problems. Cancer-specific stress was not a significant 
predictor of linear or quadratic slope for physical health 
quality of life, even when the nonsignificant cancer-spe-
cific stress × quadratic term was removed. In summary, 
higher cancer-specific stress at baseline was related to 
greater fatigue interference and sleep problems at base-
line and more rapid decline in these outcomes. Cancer-
specific stress was not related to physical health quality 
of life.

The pattern of results for the physical functioning 
outcomes is illustrated in Fig.  3 using predicted scores 
from the multilevel models. Again, using a median split 
(Impact of Event Scale = 8), the figures show “low” and 
“high” cancer-specific stress groups. Consistent with the 
models, the “high” group has higher fatigue interference 
and sleep problems, but no difference in physical health 
quality of life, at baseline. The trajectories also show that 

Fig. 3  Trajectories of predicted scores of physical outcomes (fatigue interference, sleep problems, physical health quality of life) using 
multilevel modeling. Baseline cancer-specific stress scores are dichotomized using a median split for graphical purposes only. For physical 
health quality of life, higher scores indicate better functioning.
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the “high” group has a rapid decline of fatigue interfer-
ence and sleep problems, while the “low” group has little 
change on these outcomes. For physical health quality of 
life, the trajectories do not differ between the “high” and 
“low” groups.

Follow-up Analyses

Follow-up analyses were conducted to determine 
whether the differences in trajectories resulted in dif-
ferences at 5 months by analyzing associations between 
baseline cancer-specific stress and outcomes at month 
5.  Bivariate correlations were conducted between the 
predicted values from each multilevel model at month 
5 and cancer-specific stress scores at baseline. Baseline 
cancer-specific stress was significantly associated with 
higher 5-month predicted cognitive-affective depressive 
symptoms (r = .28, p = .001) and negative mood scores 
(r = .22, p = .01) and lower mental health quality of life 
(r = −.17, p = .03). Baseline cancer-specific stress was not 
associated with predicted 5-month fatigue interference 
(r = .11, p = .19), sleep problems (r = −.03, p = .70), or 
physical health quality of life (r = .14, p = .08). In sum-
mary, higher cancer-specific stress at baseline was related 
to poorer psychological outcomes at 5 months, but not 
physical outcomes.

Discussion

Chronic lymphocytic leukemia has a unique disease tra-
jectory with a cycling of treatment periods, recovery, 
and relapse. The present study provides insight into the 
experience of patients with this chronic, incurable dis-
ease by examining the association between cancer-spe-
cific stress and psychological and physical functioning 
trajectories in patients with relapsed/refractory disease. 
At treatment initiation, cancer-specific stress was asso-
ciated with higher levels of cognitive-affective depres-
sive symptoms, negative mood, fatigue interference, and 
sleep problems, and lower mental health quality of life. 
While patients with higher cancer-specific stress at base-
line improved more rapidly on these outcomes, follow-up 
analyses indicated that higher cancer-specific stress at 
baseline was still associated with poorer psychological 
outcomes, but not physical outcomes, at 5 months.

When considered psychologically, the experience of 
patients with relapsed/refractory chronic lymphocytic 
leukemia may be analogous to repeated trials of stressors, 
with relapse after relapse and therapy cycle after therapy 
cycle, with as many as 16 such episodes for one patient 
in this sample. This phenomenon is unique compared 
to most other cancers. Overall baseline psychological 
functioning was high in this group, but baseline can-
cer-specific stress was still related to higher cognitive-af-
fective depressive symptoms, negative mood, and worse 

mental health quality of life. The data confirm that for 
these cancer patients and others, cancer-specific stress is 
consistently related to poorer psychological functioning 
[23–25, 27–29].

Interestingly, higher cancer-specific stress at baseline 
predicted faster improvements in all psychological out-
comes, whereas lower cancer-specific stress at baseline 
seemed to be related to constant, low levels of cogni-
tive-affective depressive symptoms and negative mood, 
and high mental health quality of life. As patients with 
higher cancer-specific stress had more room for im-
provement in their psychological outcomes, this may 
have accounted for the more rapid rate of improve-
ment. Nevertheless, follow-up analyses demonstrated 
that greater baseline cancer-specific stress remained 
important as evidenced by its association with poorer 
5-month psychological functioning. A  similar pattern 
was seen in a study of breast cancer survivors, in which 
higher intrusive thoughts at treatment completion were 
related to a faster improvement in psychological out-
comes (i.e., depressive symptoms and negative affect), 
but still predicted worse psychological functioning at 
12  months following treatment completion [45]. The 
overall robust relationship with concurrent and sub-
sequent psychological functioning is consistent with 
studies of traumatic stress in other populations, as well 
[14–16].

There are studies in chronic lymphocytic leukemia 
describing patients’ poor physical health [6, 8], though 
none, to our knowledge, have examined predictors of 
physical health longitudinally outside of  sociodemo-
graphic and clinical variables. In the only other study of 
cancer-specific stress in chronic lymphocytic leukemia, 
a cross-sectional study with patients in active surveil-
lance, cancer-specific stress covaried with a composite 
measure of  symptoms (i.e., chronic lymphocytic leu-
kemia symptoms, fatigue, pain, and functional status 
[30]). The latter findings are replicated and extended 
in several ways. First, the baseline analyses show can-
cer-specific stress to again covary with fatigue, but in 
this case, sleep problems as well, with the latter findings 
consistent with cross-sectional data from other cancer 
samples [31, 32]. The nonsignificant relationship with 
concurrent physical health quality of  life is consistent 
with findings in newly diagnosed breast cancer patients 
[27]. Secondly, the longitudinal data offered study 
of  cancer-specific stress as a predictor, with analyses 
revealing that higher cancer-specific stress at baseline 
was related to faster improvements in fatigue and sleep 
disturbance. However, unlike psychological functioning, 
follow-up analyses found that due to the rapid improve-
ment of  physical outcomes in those with higher base-
line cancer-specific stress, baseline cancer-specific stress 
was not associated with physical functioning outcomes 
at 5 months. This is also in contrast to studies of  other 
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traumatic stressors, and other cancers, which find that 
traumatic stress symptoms are related to poorer subse-
quent physical health [12, 17, 18, 27, 45]. The symptom 
improvement with higher baseline cancer-specific stress 
may seem paradoxical but potentially suggests the action 
of  ibrutinib “overpowering” the effect of  heightened 
cancer-specific stress. That is, ibrutinib was investiga-
tional at the time (i.e., not yet approved by the U.S. Food 
and Drug Administration), and physicians had minimal 
information and expectations to share with patients at 
enrollment about toxicities. Now published trials of 
ibrutinib find that a large subset of  patients have dur-
able remissions with modest side effect profiles [46–48]. 
Thus, the trajectory of  significantly improving physical 
health accurately reflects the toxicity profile now found 
in other trials with ibrutinib, and cancer-specific stress, 
at least at the levels reported by these patients, did not 
confer additional risk for worse physical outcomes. In 
addition to the efficacy of  the drug, another possible 
explanation for baseline cancer-specific stress not being 
associated with 5-month physical outcomes might be a 
result of  the unique experience of  relapsed/refractory 
chronic lymphocytic leukemia. In contrast to other 
types of  traumas, patients may have prior experiences 
with the stressor (i.e., starting treatment) that then led 
to successful outcomes (i.e., treatment response). The 
habituation to the cycling of  treatment/response/relapse/
treatment and potentially positive past experiences may 
have significantly weakened the relationship between 
cancer-specific stress at treatment initiation and subse-
quent physical health at 5 months. Future studies should 
examine cancer-specific stress and longitudinal trajecto-
ries of  functioning in patients with chronic lymphocytic 
leukemia undergoing active surveillance or treatment 
for the first time to examine the role of  treatment habit-
uation on outcomes.

The strengths and limitations of the current study are 
considered. These data were part of an important, early 
investigational trial and are a significant contribution to 
medical oncology’s understanding of patient-reported 
outcomes for patients with relapsed/refractory chronic 
lymphocytic leukemia, and more specifically, for patients 
on targeted therapies. With approval by the Food and 
Drug Administration now established, ibrutinib is now 
frequently utilized in patients with relapsed/refractory 
chronic lymphocytic leukemia and in elderly patients as 
first-line therapy, making these data especially relevant. 
More broadly, this is the first study of cancer-specific 
stress and trajectories of psychological and physical 
functioning in this important patient group. The longi-
tudinal design beginning at treatment initiation, inclu-
sion of all patients in the trial, and trajectory analyses 
are methodological strengths. The homogeneity of treat-
ment and full participation enhanced the internal valid-
ity of cancer-specific stress as a predictor of trajectories. 

However, external validity may be limited, as similar to 
other clinical trials, there was an underrepresentation of 
minorities [49] and older adults [50]. This study accrued 
only 3% of minorities and the mean age of 64  years 
was less than that of the general chronic lymphocytic 
leukemia population (mean  =  71  years [1]). As such, 
the level of the physical functioning trajectory is likely 
overestimated, but the effect on the level of stress or any 
other psychological outcome is unknown. Furthermore, 
aspects of clinical trial participation, such as close, active 
monitoring of participants, may have also impacted tra-
jectories, as it is more likely that all levels of toxicities are 
quickly identified and treated. Finally, although longi-
tudinal, the data are observational and do not allow for 
causal inferences to be made on the relationship between 
cancer-specific stress and psychological and physical 
functioning.

These data chronicle how the psychological and phys-
ical functioning trajectories for patients with chronic 
lymphocytic leukemia are altered when cancer-specific 
stress is high during the early months of  a then new but 
now standard targeted therapy. On average, patients 
reported minimal psychological distress at treatment 
initiation, indicating that most patients are doing well. 
However, the data suggest patients experiencing greater 
levels of  cancer-specific stress to be at risk for persist-
ently worse psychological functioning. There has been 
a call to screen cancer patients [51] to determine those 
who may be at risk for poor outcomes, and assessment 
of  cancer-specific stress may have clinical utility as an in-
dividual difference predictor of  psychological responses. 
Even with an oral targeted therapy with comparatively 
less toxicity, the findings also illustrate the importance 
of  repeated assessment of  psychological responses dur-
ing treatment as has been recommended [51]. These 
findings suggest that integration of psychological 
intervention for patients who have high cancer-specific 
stress at baseline might be appropriate for this popula-
tion. Future studies should examine whether targeting 
patients with high cancer-specific stress at treatment ini-
tiation for psychosocial intervention are conferred any 
benefits to participation.
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