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Background: Sleep disturbance and genetic profile are risks for cognitive decline in non-cancer
populations, yet their role in cancer-related cognitive problems remains understudied.

Objective: This study examined whether sleep disturbance were associated with worse
neurocognitive outcomes in breast cancer survivors, and if sleep effects on cognition varied by
genotype.

Methods: Newly diagnosed female patients (n=344) ages 60+ with stage 0-3 breast cancer were
recruited from August 2010-December 2015. Assessments were done before systemic therapy and
12 and 24 months later. Neuropsychological testing measured attention, processing speed,
executive function, learning and memory; self-perceived cognitive functioning was also assessed.
Sleep disturbance was defined by self-report of routine poor or restless sleep. Genotyping included
APOE, BDNF, and COMT polymorphisms. Random effects fluctuation models tested associations
of between-person and within-person differences in sleep, genotype, and sleep-genotype
interactions and cognition, controlling for age, reading level, race, site, and treatment.

Results: One third of patients reported sleep disturbance at each time point. There was a sleep x
APOE4 interaction (P=0.002), in which patients with the APOE4 allele and sleep disturbance had
significantly lower learning and memory scores vs. those who were APOE4 negative and without
sleep disturbance. There was also a sleep disturbance- COMT genotype interaction (P=0.02),
where COMT-Val carriers with sleep disturbance had lower perceived cognition than non-carriers.

Conclusion: Sleep disturbance was common and associated with worse cognitive performance
in older breast cancer survivors, especially those with a genetic risk for cognitive decline.
Survivorship care should include sleep assessment and intervention to address sleep problems.

Precis:

This study reports sleep disturbance in breast cancer survivors to relate to worse self-perceived
cognitive functioning and learning and memory performance, especially those with a genetic risk
(e.g., APOEA4) for cognitive decline.

The protocol for this study is listed on clinicaltrials.gov as .
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Introduction

Shifting demographics, increasing life expectancies, increasing rates of cancer with
advancing age, and better cancer survival have led to an increasing number of older cancer
survivors, with those over age 65 expected to represent three-quarters of US survivors in the
next two decades.! These older survivors often have additional health concerns and long-
term changes to quality of life related to their cancer and its treatment.1=3 Of particular
concern for older survivors is the potentially elevated risk for cognitive decline.4-6

Sleep disturbance has been identified as a risk factor for the development of cognitive
decline and Alzheimer’s disease in non-cancer populations.’~19 Likewise, a number of
genetic vulnerabilities for cognitive decline in later life have been identified, including
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variants in the APOE1112 cOMT 1314 and BDNFAS-17 genes. Prior research has proposed
that these genetic variants increase risk for cognitive decline in general populations and in
cancer survivors post-treatment, and that specific vulnerability factors may interact in
accelerating this risk (i.e., a gene by environment interaction).12:14 One salient factor that
could influence this risk is poor sleep.15:18.19 Despite these links, limited research has tested
the interaction of genotype with sleep disturbance in predicting risk for cognitive decline,
18.19 with no research to date testing these relationships in cancer survivors. Indeed, the
contribution of sleep to cognitive declines and genetic vulnerability among cancer survivors
remains relatively unexplored, despite the observation that sleep disturbance is highly
prevalent among cancer survivors, with incidence of insomnia in cancer survivors two- to
three-fold greater than rates among similarly aged controls.20-21 Further, over half of
survivors report sustained difficulties in sleeping,29 and a similar prevalence of genetic risk
alleles for cognitive decline has been observed in cancer survivors.23 Moreover, the majority
of sleep disturbances are treatable, with evidence that a number of behavioral treatments are
efficacious in cancer patient populations.22-23 Thus, knowledge about the relationship of
sleep disturbance, genotype, and cognitive function among cancer survivors could inform
clinical care of this growing segment of the survivor population.

In the present analyses, we used data from the Thinking and Living with Cancer (TLC)
Study,?* a multi-site cohort study of older breast cancer survivors followed prospectively for
two years, to fill these clinical gaps. We tested the hypothesis that sleep disturbance would
be associated with lower objective neurocognitive performance and subjective reports of
decreased cognitive functioning. We further tested whether the effects of sleep disturbance
on cognition varied by polymorphisms in genes associated with vulnerability for cognitive
decline (APOE, BDNF, and COMT). The results are intended to inform survivorship care
and suggest future avenues for mechanistic research and interventions to improve cognitive
outcomes among cancer survivors.

This study was conducted at Georgetown University and its affiliated practices, Memorial
Sloan Kettering Cancer Center, Moffitt Cancer Center, City of Hope Comprehensive Cancer
Center, Hackensack University Medical Center, Indiana University (IU) School of Medicine,
and University of California at Los Angeles (UCLA). U (participant recruitment and
laboratory support) and UCLA (laboratory support) joined the study in 2016, so data in this
report are from the five other sites. All Institutional Review Boards approved the protocol ().

Newly diagnosed English-speaking female breast cancer patients ages 60+ with Stage 0-3
cancers were recruited to participate and are followed prospectively with subsequent visits
occurring 12 and 24 later. We included 345 women recruited between August 1, 2010 and
December 31, 2015. The study is ongoing, and has been described elsewhere.24 Briefly,
women with a history of stroke, head injury, major Axis | psychiatric disorder, or
neurodegenerative disorder were ineligible. Those with a history of other cancers were
excluded if they received active treatment <5 years prior to enrollment or ever had
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chemotherapy or hormonal therapy. Among eligible cases, 355 consented. Additional
screening of eligible participants included the Mini-Mental State Examination (MMSE) and
the Wide Range Achievement Test, 4! edition (WRAT-4) Reading subtest. Those with
MMSE <24 or WRAT-4 Reading <3 grade level were deemed ineligible (n=1). An
additional 5 withdrew consent, 1 had a recurrence. We did not include non-cancer controls in
this investigation, since we were interested in the experiences of survivors, and identification
of remediable risks for cognitive problems that could be addressed in survivorship care.

Data Collection

Neuropsychological testing and interviews were completed at the baseline visit and 12 and
24 months later. Biosamples for genotype determination were obtained at baseline or in
some cases on follow-up visits. The baseline assessment was completed after cancer-related
surgery, but before initiation of systemic chemotherapy, radiation, or hormone treatments.

A total of thirteen neuropsychological tests were administered to measure two domains of
cognitive function: attention, processing speed, and executive function and learning and
memory.2> Raw neuropsychological test scores were converted to z-scores by standardizing
to age- and education-group-matched non-cancer control means and standard deviations.
Standardized z-scores were then calculated for each domain.2

Perceived cognitive function was assessed using the Functional Assessment of Cancer
Therapy: Cognitive Function (FACT-Cog) test.2% The presence of a sleep disturbance
(yes/no) was determined from endorsement of one or both of two questions: “During the last
7 days, | have been sleeping well”, with subjects reporting “not at all” and “a little bit”
coded as having a sleep disturbance; “During the past week my sleep was restless”, with
subjects reporting “occasionally or moderate amount of time” or “most or all the time”
coded as having a sleep disturbance. We used data from a separate sample of women from
the same study who were enrolled after 2016 when the Pittsburgh Sleep Quality Index
(PSQI)?7 was added to the protocol to validate the two-item assessment of sleep disturbance
against the PSQI. In analyses of 663 data points derived from this sample of women enrolled
after the PSQI was added to the protocol we found good concordance between these
measures of sleep, with median PSQI global scores of 9 in those categorized as having a
sleep disturbance using the two-item measure, and a median score of 4 for those without a
sleep disturbance. The PSQI was not administered to the current cohort of women, and was
therefore not available for our analyses of sleep and cognitive function.

DNA from blood or saliva (Oragene kit; DNA Genotek, Kanata, Ontario, Canada) was tested
to determine genotypes. Biospecimens were processed centrally and tested in batches; 100%
of the specimens had sufficient DNA for analysis. DNA was assayed with genome-wide
association study (GWAS) Affymetrix Axiom Precision Medicine arrays at the Children’s
Hospital of Philadelphia, Center for Applied Genomics. Data from the arrays were converted
to PLINK format and cleaned, and quality control was performed. Genetic sex was
confirmed as female for all samples, and subjects with <95% call rate were removed (N=1).
For this analysis, candidate SNP genotypes were obtained for COMT (rs4680 ¢.472G>A
Val158Met) and BDNF (rs6265 C.196G>A Val66Met). APOE genotypes (rs429358
determining whether subject is an epsilon 4 carrier) were also obtained from DNA for all
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samples via independent SNP testing. Further detail on assays have been described
previously.24

Statistical Analysis

T-tests and chi-square tests were used to compare characteristics of those with sleep
disturbance vs. not and evaluate potential confounders of associations between sleep and
cognition.

We used random effects fluctuation models to test the hypothesis that sleep disturbance
would be associated with lower objective neurocognitive performance and subjective report
of decreased cognitive functioning, and to further test whether the effects of sleep
disturbance on cognition varied by polymorphisms in genes associated with vulnerability for
cognitive decline. Genotype polymorphisms were analyzed as having the allele (vs. not)
previously reported to be associated with cognitive decline, including APOE epsilon 4
carrier vs non-carrier, BDNF Met allele carrier vs. Val/Val homozygote, or COMT Val allele
carrier vs Met/Met homozygote.

The random effects fluctuation models tested the effect of sleep disturbance on cognitive
domain scores and perceived cognitive functioning using data from the three observation
points (baseline, 12, and 24 months). In each model, sleep disturbance was included as a
between-person predictor and a within-person predictor.28 The between-person predictor
was defined as a participant’s average sleep disturbance over the three time points relative to
the average of other participants. For between-person differences, sleep disturbance was
compared across participants depending upon whether it was present on none, one, two or all
three of the measurement points. The within-person predictor was a time-varying predictor
that indexed whether a participant had a sleep disturbance at a given time point compared to
their average. For the within-person comparisons, the estimates were based upon whether a
sleep disturbance was present or absent at any of the measurement points for each
individual. To adjust for multiple comparisons, we applied the Benjamini-Hochberg?®
method to estimate the adjusted P value using a False Discovery Rate, g=.05.

All models controlled for age, WRAT-4 Reading score, race, site, and treatment
(chemotherapy+/—hormonal therapy vs. hormonal therapy); treatment-sleep interactions
were not significant, so were not included in the models. Main effect of genotype and
genotype-sleep disturbance interaction were tested using separate models for each genotype.
We used the coefficients from the regression models to calculate the adjusted mean cognitive
score and graphically depict significant genotype-sleep interactions.

In sensitivity analyses, we tested whether conclusions varied if we used the Likert responses
to the two-sleep items as a continuous scale score. Since results were unchanged, we present
results for the categorical sleep disturbance measure for ease of interpretation of
interactions. We also evaluated other covariates for their effects on the relationship between
sleep variables on cognition and sleep-genotype interactions, including frailty,
comorbidities, anxiety, depressive symptoms (CES-D), and sleep medications. All analyses
were done using SAS version 9.4.

Cancer. Author manuscript; available in PMC 2020 December 15.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carroll et al.

Results

Page 6

At any one time-point, one third of this sample of older breast cancer survivors reported
having a sleep disturbance (Figure 1; baseline, 12, and 24 months), and many took sleep
medications at baseline (Table 1). However, only 5.4% of survivors reported sleep
disturbance at all 3 time points, 13% reported at two of the three, and 33% reported at only
one of the time points. Sleep disturbance did not differ by treatment. The prevalence of the
different genotypes did not vary by presence of sleep disturbance.

Attention, Processing Speed, and Executive Function

Attention, processing speed, and executive function scores were not significantly associated
with sleep disturbance or genetic polymorphisms (p <.10, >.025) (Table 2).

Learning and Memory

There was an interaction effect of between-person sleep disturbance and APOE genotype on
the learning and memory domain (p<0.01), where those who were APOEA carriers exhibited
progressively worse learning and memory performance with greater sleep disturbance than
non-carriers (Figure 2 and Table 2). Analyses of genotype-sleep interactions for BDNFand
COMT were not significant (Table 2). When frailty, comorbidities, anxiety, depressive
symptoms, and sleep medications were each included in the model, these variables did not
change the effects of sleep disturbance on learning and memory scores or the interaction of
sleep with APOE.

Self-Perceived Cognition

Self-reported perceived cognitive function scores were lower with both between-person and
within-person sleep disturbance (p <0.01; Table 2). There was also a significant interaction
of within-person sleep disturbance with having a COMT Val allele in the prediction of self-
reported cognitive scores (p<0.025; Figure 3), but there were no interactions with other
genotypes. Among those with a COMT Val allele, at times when the patient reported a sleep
disturbance, their self-reported perceived cognitive function score was almost 7 points lower
(M =6.98, p < 0.001) than when they did not report a sleep disturbance. For persons who
were homozygous for the Met allele, there was no difference in self-reported cognition as a
function of within-person sleep disturbance. These relationships did not change when
comorbidity, frailty, anxiety, depressive symptoms, or sleep medications were considered.

Discussion

This is the first large prospective cohort study to examine the relationship among sleep,
genotype, and cognitive performance in older breast cancer survivors. There were important
effects of sleep on cognition; these effects were most pronounced among survivors that had a
genetic polymorphism associated with increased risk of neurodegenerative disease.
Specifically, we found that sleep disturbance was prevalent in older breast cancer survivors
and was associated with worse performance on learning and memory, particularly among
carriers of the APOE4 gene. We also found that self-report of having worse than one’s usual
sleep or more sleep problems than other participants was associated with lower self-reported
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cognitive function, and this effect interacted with the COMT gene. These results were robust
after considering adjuvant systemic treatment, affective symptoms, sleep medications, and
other factors.

Our findings extend the existing evidence that has linked sleep disturbance with cognitive
decline and dementia risk in non-cancer populations.”10 This prior research points to a two-
hit effect of APOE4 carrier status and sleep disruption on neurofibrillary tangles and
incidence of Alzheimer’s disease (AD) non-cancer populations.18 APOE4 has also been
reported in association with cognitive declines in cancer patient populations.2430:31 Qur
findings support a sleep-by-APOE4 carrier status interaction effect on learning and memory
in older breast cancer survivors and suggests potential parallels between cancer-related
cognitive decline and AD.

Polymorphisms in the COMT gene have been associated with AD and with cancer-related
cognitive declines.2314 Our findings extend this research to show a COMT-by-sleep
interaction in self-reported cognition, with a clinically meaningful difference32 of 7 points in
Fact-Cog scores. The COMT gene regulates the production of an enzyme that catabolizes
catecholamine, with Val carriers having increased production of this enzyme.33 Sleep
deprivation is associated with increased catecholamine release,343% which may be
exacerbated in COMT Val carriers. One hypothesis is that sleep disturbance in Val carriers
may deplete catecholamine reserves, resulting in an altered perception of cognitive function
with a perceived inability to perform. While we did not find any interactions of sleep with
BDNF genotype in this cancer survivor cohort, this genotype has been shown to interact
with sleep in effects on cognition in non-cancer patients. Taken together, our results suggest
that sleep may be particularly important for memory among cancer survivors with
polymorphisms that are known to increase risk of dementias.1® Future exploration of a wider
array of genotypes could advance our knowledge about mechanisms of cancer-related
cognitive decline.

Sleep may impact cognitive decline of cancer survivors through a number of pathways.
Mechanistically, decline in cognitive function is thought to be the result of years of
cumulative damage, including oxidative stress, overproduction of proteinaceous debris, and
failure to clear waste products within the brain, with significant variability in susceptibility.
36,37 |n the case of cancer survivors, the additional exposure to chemotherapy and hormonal
therapy may accelerate the accumulation of waste within the brain and drive declines in
cognitive function.37:38

A critical missing piece to understanding the development of cognitive decline in both older
adults and cancer survivors may be what happens when the person is not awake. Sleep
appears to be critical in maintaining healthy brain function.8:9:3940 Recent evidence has
demonstrated that the sleeping brain actively clears metabolic debris and neurotoxic waste,
including amyloid g, through the glymphatic system (the brain-wide system that exchanges
cerebrospinal fluid and interstitial fluid), providing a mechanistic pathway through which
disturbance in sleep could result in lasting “aging” effects on the brain and declines in
cognition.#1:42 Future work should consider sleep among cancer survivors, as it may be an
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important behavioral target that might protect from cognitive decline by enabling waste
clearance.

There are several potential implications of our results for clinical care. First, sleep
disturbance is treatable, and common behavioral treatments have established efficacy in
cancer patient populations.22 Although our findings are correlative, not causal, additional
data in non-cancer populations supports the possibility of causal relationships.”-10 Failure to
assess and treat patients for sleep disturbance could have potential long-term impact on their
risk for later cognitive difficulties. Sleep medications may be insufficient to address these
concerns. In our patient sample who reported a sleep disturbance, roughly a third also took
sleep medications, and adjustment in our analyses for sleep medication did not alter the
findings. The decrements in perceived cognition seen in association with sleep disturbance
in the present study were clinically meaningful, and indicated small to moderate effects,
which parallel similar findings in patients with insomnia.*® Sleep also has a significant
impact on other important patient outcomes, including mood, fatigue, quality of life, risk for
secondary cancers, cardiovascular disease, metabolic syndrome, diabetes, and biological
aging.23:44-53 While the findings in the current study are preliminary, the results support
screening for and addressing patient complaints of sleep disturbance as a typical clinical and
preventative behavioral health target, similar to diet, exercise, and smoking.

Several caveats of this work should be recognized. First, these analyses were planned after
data collection had commenced for the larger cohort. As a consequence, the measurement of
sleep disturbance was determined using available questionnaire items. Here we report that
30% of our sample complained of disturbed sleep at baseline before systemic therapy
initiation and up to 2 years after diagnosis. These estimates are slightly lower than prior
reports of insomnia symptoms, 29 suggesting there may be some underreporting using our
measure. However, in our analyses of data in a new cohort of women with both PSQI sleep
data and our currently used two-item measure of sleep disturbance we found good
concordance, with differences in median global sleep scores on the PSQI in those
categorized as sleep disturbed vs. not. Future work should consider better characterization of
sleep in cancer survivors using validated objective and subjective methods for assessing the
presence of sleep disturbance. Likewise, we cannot rule out the possibility that sleep apnea
contributed to the estimates of sleep disturbance and cognitive decline, as we did not have a
measure of sleep apnea. An alternative explanation for the results is also possible, that
neurological functional declines impact the ability of the brain to maintain a sleeping state,
and self-reported sleep disturbance may serve as an early symptom of subsequent cognitive
deficits. Future longitudinal research is needed to disentangle such sequential effects. Last,
statistical power was limited for detection of genotype interaction effects and these should
be investigated in larger samples.

In summary, we report that sleep disturbance was common and related to worse self-
perceived cognitive functioning and learning and memory performance in older breast
cancer survivors. APOE4 carriers with sleep disturbance were particularly vulnerable to
decrements in learning and memory, while COMT Val carriers were more likely to perceive
cognitive difficulties when sleep disturbance was present. Assessment of sleep may be
important in survivorship care and as an intervention target. Future models for survivorship®
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care should include sleep disturbance as part of behavioral assessments and as a treatment
target in cancer survivors.
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Figure 1.
Prevalence of sleep disturbances among TLC breast cancer survivors.
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Figure 2.
Sleep disturbance by APOE genotype predicting learning and memory scores from pre-

systemic therapy to 24 months among older breast cancer survivors.
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Sleep disturbance by COMT genotype interaction predicting perceived cognition among

older breast cancer survivors.
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Table 1.
Characteristics of TLC Breast Cancer Participants
All Sleep No Sleep P Value
Mean (SD) Disturbance Disturbance
[Range] or N
(%)
Sociodemographic
Age 68.1 (6.1) [60-98] 67.2 (5.4) [60-83]  68.8 (6.5) [60-98]  0.03
Race 0.73
Other 73(21.2) 23(19.7) 43 (21.3)
White (Non-hispanic) 271 (78.8) 94 (80.3) 159 (78.7)
Education (years) 15.1(2.2) [9-18]  15.1(2.0) [10-18]  15.2 (2.3) [9-18] 0.75
WRAT 4 Standardized Score 110.9 (15.4) 109.3 (15.6) 112.3 (15.2) 0.10
Clinical
AJCC stage Stage 0 41 (12.0) 12 (10.3) 23 (11.4) 0.66
Stage 1 190 (55.4) 64 (55.2) 114 (56.4)
Stage 2 94 (27.4) 36 (31.0) 53 (26.2)
Stage 3 18 (5.2) 4(3.4) 12 (5.9)
ER Status Positive 301(87.5) 98 (83.8) 181 (89.6) 0.13
Negative 43(12.5) 19 (16.2) 21 (10.4)
HER? Status Positive 39(13.4) 15 (15.2) 22 (12.8) 0.59
Negative 251(86.6) 84 (84.8) 150 (87.2)
Surgery Lumpectomy Only 44 (12.9) 13 (11.1) 29 (14.5) 0.67
Lumpectomy with 145 (42.5) 50 (42.7) 85 (42.5)
Radiation
Mastectomy 152 (44.6) 54 (46.2) 86 (43.0)
Comorbidity Low/High [Baseline] <=2 Comorbidities 168 (52.7) 57 (48.7) 111 (55.0) 0.28
>2 Comorbidities 151 (47.3) 60 (51.3) 91 (45.0)
Frailty (Robust, Pre-frail, Frail) Frail 13(4.1) 9(7.7) 4 (2.0) 0.04
[Baseline]
Pre-frail 68 (21.5) 26 (22.2) 42 (21.0)
Robust 236 (74.4) 82 (70.1) 154 (77.0)
Sleep Medication Use 62 (19.8) 39 (33.3) 23 (11.7) <.0001
Genotypes
APOE ¢4+ @ 63 (20.3) 26 (23.9) 31(16.8) 0.14
APOE e4 Negative 248 (79.9) 83(76.1) 153 (83.2)
BDNF Val/Val 191 (64.7) 70 (68.8) 109 (60.9) 0.19
BDNF Met/Val or Met/Met@® 104 (35.3) 32 (31.4) 70 (39.1)
COMT Met/Met 58 (20.2) 22 (22.0) 33(19.1) 0.56
COMT Val/Met or Val/Val@ 229 (29.8) 78 (78.0) 140 (80.9)

Note: Risk genotypes indicated with @
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