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Abstract

Background: We tested whether immune activation/inflammation markers (“immune markers”)
explain differences in neurocognition among older breast cancer survivors vs. non-cancer controls.

Methods: Women =60 years with primary breast cancer (stage 0-111) (n=400) were assessed pre-
systemic therapy with frequency-matched controls (n=329) and followed annually to 60-months;
blood was collected during annual assessments from 2016-2020. Neurocognition was measured
by tests of attention, processing speed and executive function (APE). Plasma levels of interleukin
(IL)-6, IL-8, IL-10, TNF-alpha and interferon (IFN)-gamma were determined using multiplex
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testing. Mixed linear models compared results for immune marker levels by survivor/control
group by time, controlling for age, racial/ethnic group, cognitive reserve and study site. Covariate-
adjusted multi-level mediation analyses tested whether survivor/control group effects on cognition
were explained by immune markers; secondary analyses examined the impact of additional
covariates (e.g., comorbidity, obesity) on mediation effects.

Results: Participants were aged 60-90 years (mean 67.7 years). Most survivors had stage |
(60.9%) estrogen-receptor positive (87.6%) tumors. Survivors had significantly higher IL-6 levels
than controls pre-systemic therapy and at 12-, 24- and 60-months (p<0.001-0.014), but there were
no differences for other markers. Survivors had lower adjusted APE scores than controls (p<0.05).
Levels of IL-6, IL-10, and TNF-alpha were related to APE, with I1L-6 explaining part of the
relationship between survivor/control group and APE (p=0.01). The magnitude of this mediation
effect decreased but remained significant (p=0.047) after considering additional covariates.

Conclusion: Older breast cancer survivors had worse long-term neurocognitive performance
than controls and this relationship was explained in part by elevated IL-6.

Precis:

Mechanisms contributing to cognitive problems among cancer survivors remain unclear. This
study found that one inflammatory/immune activation marker, 1L-6, mediated some of the
relationship between older breast cancer survivor/non-cancer control group and cognitive
performance.

Keywords

breast cancer; older survivors; cognition; inflammation; immune activation; cancer-related
cognitive decline

INTRODUCTION

As cancer becomes a chronic disease, more survivors are living with long-term treatment
side-effects.}~3 Cognitive side-effects, often referred to as cancer-related cognitive decline
(CRCD) include declines in performance on tests of attention, processing speed, and
executive function.1* CRCD can have negative impacts on functioning and well-being of
cancer survivors.2:56 Three-quarters of the nearly four million breast cancer survivors in
the US are ages 60 years and older (“older”)”-8 and these older survivors are at risk to
experience cognitive problems due to both CRCD and aging.2:9-11

Given the intersection of breast cancer survivorship and aging, inflammation is one
candidate mechanism underlying CRCD, since inflammation is a pillar of aging and is also
driven by cellular damage occurring with cancer, its surgery and systemic therapies.1-6.12-17
Several studies have examined the role of peripheral inflammatory markers in CRCD with
inconsistent results. Differences in findings may be due to variations in study design, time
period (usually immediately post-treatment), age groups or markers studied. Additionally,
very few studies included a non-cancer control group or focused specifically on older
survivors with long-term follow-up.13:18-20 These issues limit the ability to advance our
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understanding of potential aging-related pathways underlying CRCD in older women who
make up the majority of breast cancer survivors.

In the current study, longitudinal data from the multi-site Thinking and Living with Cancer
(TLC) study? were used to test the hypothesis that worse longer-term neurocognitive
performance in breast cancer survivors ages 60+ than non-cancer controls would be
mediated through the effects of markers of immune activation and inflammation (“immune
markers”). The results are intended to build the evidence base about mechanistic pathways
involved in CRCD and suggest potential targets for intervention to reduce the risk of or
mitigate cognitive problems in the aging population of cancer survivors.

TLC enrolled participants from six cancer centers and their affiliated community hospitals
and practices.221 We report a planned analysis included in the institutional review board-
approved study protocol (NCT03451383).

English-speaking women aged 60 years and older with primary breast cancer (stage O-111)
were eligible. Cancer survivor enrollment and baseline visit occurred before initiation

of systemic therapy, and for survivors without neoadjuvant therapy, after surgery. We
recruited controls who were friends of participating survivors; if no friend was available,
we recruited age, race, education, frequency-matched community controls from the same
region based on age (within 5 years), education level (average education years) and self-
identified racial/ethnic group (White, non-Hispanic vs. non-White). Exclusion criteria for
survivors and controls were: non-English speaking, history of stroke, head injury, major
psychiatric or neurodegenerative disorder, treatment for another cancer within 5-years
(except non-melanoma skin cancers) or receipt of past systemic cancer treatment at any
time, Mini-Mental State Examination score <24, or less than a third-grade reading level on
the Word Reading subtest of the Wide Range Achievement Test (WRAT4). All participants
were required to have sufficient hearing and vision to complete neurocognitive testing.

Women were assessed at enrollment and annually thereafter for up to 60-months.
Prospective blood collection was added to the protocol in 2016 and women were required to
re-consent to continue follow-up. Participants enrolled in 2016 or later could have provided
blood samples at enrollment and each successive study visit. Those who enrolled before
2016 only had the opportunity to provide follow-up samples.

There were 705 survivors and 569 controls ever enrolled by March 1 2020, when enrollment
was halted due to the COVID-19 pandemic. Among this sample, 529 survivors and 422
controls were active in the study when blood collection began in 2016 (Figure 1). Reasons
for being inactive included completing the study before 2016 or non-consent to the 2016
protocol (115 survivors and 113 controls), death (3 survivors and 2 controls) or study
drop-out (58 survivors and 32 controls). Among women active in the study, 87.1% of
survivors and 88.2% of controls consented to blood collection. The final analytic sample
included 400 survivors and 329 non-cancer controls with one or more blood samples
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for immune markers and cognition data collected at the same study visit(s). Data from
survivors that experienced cancer recurrence (n=6), or survivors (n=2) or controls (n=0)
developing exclusion conditions during follow-up were excluded from that point forward.
The analytic sample was similar to the remainder of the overall TLC sample in terms of
baseline cognition and other factors, except that they had a higher percent of White vs. non-
White participants (83.1% vs. 77.2%, p=0.008) and women with >2 vs. fewer comorbidities
(49.1% vs. 42.3%, p=0.021). Survivors in the analytic sample had breast conserving surgery
more often than those in the remainder of the survivor sample (71.5% vs. 61.7%, p<0.001).

Data and Sample Collection

Measures

Questionnaires and neurocognitive tests were completed at each visit. Questionnaires
ascertained socio-demographic, clinical and psychosocial factors and self-reported
cognition. Survivor treatment data were abstracted from medical records.

Blood specimens were collected on the same day or within one week of cognitive
assessments. Participants did not report any active infections at the time of sample
collection. Venous blood was collected in EDTA tubes and held at refrigerator temperature
until processed; specimens were typically processed within two hours, and always within
eight hours. Platelet-poor EDTA plasma was obtained by centrifugation at 4° C (2000xG

for 15 minutes or 3000xG for 10 minutes) and aliquots were frozen immediately at —80° C.
Samples were shipped on dry ice to the UCLA Cousins Center for Psychoneuroimmunology
and stored at —80° C until assays were performed.

We evaluated five immune markers (interleukin [IL]-6, IL-8, IL-10, tumor necrosis

factor [TNF]-alpha, interferon [IFN]-gamma) previously associated with cognition in
cancer survivors.13:18-20.22-25 Marker plasma levels were determined using an electro-
chemiluminescent immunoassay (MesoScale Discovery [MSD] Custom Human Cytokine
Proinflammatory Panel, MSD, Rockville, MD).26 Assays were performed in duplicate at a
2-fold sample dilution with an extended 8-point standard curve of serial 3-fold dilutions.
Marker-specific lower limits of detection (LLD) were calculated for each assay plate.
Typical lower limits were 0.2 pg/mL (IL-6, IL-8), 0.1 pg/mL (IL-10) and 0.6 pg/mL or
less (TNF-alpha, IFN-gamma). Samples with concentrations below the LLD for a given
marker (1.0% of samples for IL-6, 9.5% for 1L-10, 0.1% for IFN-gamma, none for I1L-8
or TNF-alpha) were assigned values equal to half the plate-specific LLD per laboratory
protocols.28 All samples from a single participant were assayed on the same plate, with a
balance of survivor and control participants from 3 or more different study sites per plate.
All plates were from the same kit lot. An internal quality control sample was included on
every plate to monitor assay reproducibility. Inter-assay coefficients of variation were less
than 12% for IL-6, 1L-8 and IFN-gamma and < 18% and 19% for TNF-alpha and IL-10,
respectively. Mean intra-assay coefficients of variation were <10% for all markers.

Survivor vs. control group was the primary predictor of cognition and the mediators were
the individual immune markers. Cognitive outcomes were based on performance in two
domains: attention, processing speed, and executive function (APE, six neurocognitive
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tests) and learning and memory (LM, five neurocognitive tests) based on past factor
analyses.2:21 The TLC protocol-specified primary outcome was APE since this domain is
affected most often in CRCD.1# Scores were standardized (z-scores) to the control means at
baseline by age-group and education level. The Functional Assessment of Cancer Therapy-
Cognitive Function (FACT-Cog) version 327 Perceived Cognitive Impairments (PCI) sub-
scale measured self-reported cognition.

All immune marker values were natural log-transformed for analyses since the distributions
were highly skewed. T-tests, ANOVA and chi-square tests were used to test bivariate
differences in characteristics of survivors and controls. Among survivors, the association

of baseline immune marker levels and time from cancer surgery were evaluated by Pearson’s
correlation.

Separate linear mixed-effects models were used to test for differences in adjusted natural
log-transformed levels of each immune marker by survivor/control group at each study visit,
including an interaction term for group by time and covariates (baseline age, self-identified
racial/ethnic group [collapsed as White, non-Hispanic vs. non-White], cognitive reserve
(WRAT4 Word Reading score) and study site. Adjusted mean + standard error (SE) natural
log-transformed levels of each marker at each time-point by survivor/control group were
plotted; corresponding non-transformed values were also provided. Box [mean, median,
interquartile range (IQR, 25M-75! percentile)] and whisker (+1.5 IQR) plots were used to
graphically represent the distribution of adjusted natural log-transformed immune marker
levels by group and time-point.

Separate multi-level mediation analyses for each immune marker tested pathways between
survivor/control group, immune markers and cognition (APE).28 Pair-wise Pearson’s
correlations between immune markers were significant and small/moderate, ranging from
0.14 to 0.36, so we did not include multiple markers in mediation models. The models
consider repeated data for immune markers and cognition at each of multiple visits, with
each woman having different numbers of visits and different assessment times depending on
where they were in study follow-up when blood collection was added to the protocol. We
conducted additional analyses of individual APE domain test scores to explore components
of the domain that might be driving any observed associations. Secondary multi-level
mediation analyses examined the learning and memory domain (LM) and self-reported
cognitive problems. In follow-up analyses, we considered the effects of individual added
covariates that might affect immune markers and risk of or reaction to cancer: comorbidities
(<2 vs. >2), obesity (body mass index =30 vs <30 kg/m?2), cardiovascular disease (yes/no),
diabetes (yes/no), depressive symptoms (measured with continuous CES-D scores)?? and
state anxiety (based on continuous STAI scores); all models controlled for age, racial/ethnic
group, cognitive reserve and study site.30

Since our objective was discovery of potential CRCD pathways, the main and secondary
analyses considered a two-sided alpha of 0.05 for statistical significance. A Bonferroni
adjusted alpha of 0.01 (0.05/5) due to testing of five immune markers is noted for the
primary mediation analysis. Descriptive and linear mixed-model mixed analyses were
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performed in SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA) and multilevel mediation
analyses were conducted using Mplus v8.31

Participants ranged in age from 60-90 years (average 67.7) and were largely White and
well-educated (Table 1). The survivors were comparable to frequency-matched non-cancer
controls at enrollment in demographic characteristics, except that survivors were more
significantly more likely to have >2 comorbidities (56.2% vs 40.7%, p=0.001), including
more cardiovascular disease (p=0.004) and diabetes (p=0.021) and a BMI = 30 kg/m?
(p<0.001). Most survivors had stage | disease (60.9%), had estrogen receptor positive
(87.6%) and HER2 negative (88.0%) tumors, and were an average of 49.5 (SD 29.8) days
from surgery at baseline, with no significant correlations between time from cancer surgery
and baseline immune marker levels (Table 1 and Supplemental Figure 1).

Participants provided a total of 1550 blood specimens for immune assays. From baseline
through 60-month follow-up, there were 819 specimens from 400 survivors and 731
specimens from 329 controls; 62.5% and 70.5% of survivors and controls, respectively,
provided two or more specimens (Supplemental Table 1).

Immune Marker Levels

Survivors had higher adjusted I1L-6 levels than controls and these differences were
significant for most (baseline, 12-, 24- and 60-months, p-values between < 0.001 and 0.014),
but not all timepoints (Figure 2A; Supplemental Figure 2A). While survivors tended to have
higher 1L-8 and IL-10 levels than controls, the differences were not statistically significant;
there were no survivor-control differences for TNF-alpha or IFN-gamma (Figure 2B-E;
Supplemental Figure 2B-E).

Immune Mediation

Survivors had significantly lower adjusted APE scores than controls in all models (p< 0.05)
(Figure 3; Table 2, column B¢). Higher levels of IL-6, IL-10 and TNF-alpha were also
associated with lower APE scores (p-values <0.01 to <0.05; Table 2, column B4), but only
IL-6 was higher in survivors vs. controls (p<0.001, Table 2 column Ba).

Lower adjusted APE scores among survivors vs. controls were mediated by the effects of
being a cancer survivor vs. control on elevated levels of IL-6 (p=0.01, Table 2, column Bab).
There was a similar pattern of results for IL-10, but the mediation effect was not statistically
significant (p = 0.10). Among the tests included in the APE domain, there was a statistically
significant mediated effect between IL-6 and the Trail-Making A test (p<0.05), and trends
for mediated effects for Trail-making B and Digit Symbol for IL-6 (p < 0.10) (Supplemental
Table 2).

In follow-up APE analyses that considered additional covariates (obesity and comorbidity
plus anxiety and depression, or cardiovascular disease or diabetes plus anxiety and
depression), the mediation effect of IL-6 on the relationship between survivor/control
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group and APE score was unchanged or only slightly attenuated and remained significant
(Supplemental Table 3).

Models for learning and memory (LM) did not reveal any associations between survivor/
control group and cognitive performance, so there were no significant mediation results
(Supplemental Table 4). Self-reported impairment was significantly greater for survivors
than controls in all models (except 1L-10), but this effect was not mediated by immune
markers and was not maintained after considering anxiety and depression (Supplemental
Table 4).

DISCUSSION

This is the largest, long-term study of older breast cancer survivors and non-cancer controls
examining whether immune markers mediate the relationship between cancer survivorship
and neurocognitive performance. We found that differences in cognitive performance on
tests of attention, processing speed and executive function (APE) between survivors and
controls were, in part, mediated through IL-6. Among the individual APE tests, Trail-
making A appeared to be most sensitive to this mediation effect. We also found that multiple
immune markers (IL-6, IL-10,TNF-alpha) had a direct relationship with APE. There were no
or only limited relationships observed for learning and memory and self-reported cognition.

This study provides novel data showing that worse long-term cognitive performance in

older breast cancer survivors vs. controls is mediated through effects of immune markers.
Specifically, we found that IL-6 mediated the relationship between being a survivor (vs.
control) and poorer neurocognitive performance in the APE domain, the most commonly
reported domain in CRCD.26:19 Interestingly, APE performance also corresponds to areas of
the brain, such as the prefrontal cortex, which shows neuroimaging abnormalities in cancer
survivors, including a subsample of this cohort.32:33

IL-6 is a unique pleiotropic cytokine, with pro-inflammatory and stimulatory activity

on a wide variety of cell types, whose expression can be increased in cancer cells via

p53 mutations, with resultant increased STAT3 transcriptional signaling.34 IL-6 can be
upregulated by tissue damage and/or be a secondary response to pro-inflammatory cytokines
like TNF-alpha and is thought to contribute to chronic inflammatory activation via the
production of C-reactive protein (CRP).3° Research has also suggested that only very low
circulating levels of IL-6 are needed to affect inflammatory cascades,36 which may be one
reason this immune marker had the strongest association in our study. Additionally, there

is some evidence that IL-6 receptors in the brain may contribute to neuroinflammation

and microglia activation arising from neurotoxicity.3> The pre-systemic therapy differences
in IL-6 levels between survivors and controls also add to the body of evidence that

cancer may have important effects on inflammation and cognition even before systemic
therapy begins.2122:37.38 The finding that survivor/control differences in factors including
comorbidity and obesity slightly attenuated IL-6 mediation effects on cognition suggests that
a pre-existing pro-inflammatory state may contribute to the risk of developing breast cancer
and/or cognitive decline.2! Prospective studies with assessments before and after cancer
would be necessary to fully explore this possibility.
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We found that IL-6, IL-10, and TNF-alpha had a direct relationship with cognition

in survivors and controls, findings that parallel prior work by others.13.18-20.22-25,39,40
The modest but non-significant mediation effect of IL-10, which has regulatory anti-
inflammatory and B cell stimulatory activity, may reflect the dynamic nature of its
secondary responses to increased pro-inflammatory markers.4! IFN-gamma, which is
produced during immune activation and anti-viral responses, and 1L-8, which is a
chemoattractant for neutrophils, were unrelated to cognition. Other studies reporting on
the period from pre- to immediately post-chemotherapy in mainly younger samples have
found relationships of cognition with other markers that were not tested in our study,
such as soluble TNF-alpha receptor 1 and 2 (markers for TNF-alpha activity), I1L-7,
MCP-1 and MIP-1p18:19:40.42 an{ relationships of other markers with verbal fluency.3
Interestingly, one small cross-sectional study of breast cancer survivors also found that
plasma biomarkers of Alzheimer’s disease-related pathology and several cytokines were
associated with cognition.*3

This study has many strengths, including the large cohort focused on older women who
are already at risk for aging-related cognitive decline at the time of cancer diagnosis,
baseline data prior to the initiation of systemic therapies, as well as data from a five-year
follow-up period and inclusion of matched controls. However, there are several limitations
that should be considered in evaluating our findings. First, due to the TLC annual visit
schedule, we did not have data on immune marker levels during or immediately following
systemic therapy, so our results are most applicable to longer-term cognition. Second,
despite significant findings for APE, especially with the Trailmaking B test, there were

no differences in learning and memory or self-reported cognition between survivors and
controls, limiting ability to test pathways for these aspects of CRCD. In our past studies
with the full TLC sample,2 our LM battery has not been as sensitive as APE tests to detect
differences in groups, suggesting that more sensitive neurocognitive testing approaches
may be needed to better understand the nature of CRCD.#4:4> Third, while women in our
sample were representative of the communities served by our tertiary academic medical
centers and their community affiliates, they were predominantly White, non-Hispanic and
well-educated, limiting external generalizability. It will be critical to replicate our results
in more diverse samples, especially groups with lifetime experiences associated with
increased chronic inflammation.® However, since the mean age of survivors in TLC is
close to the median age at diagnosis of US breast cancer survivors, our results may have
broad generalizability. Fourth, we had an insufficient number of survivors with aggressive
tumor markers or receiving chemotherapy and limited variability in types of hormonal
regimens to determine if the mediation of the relationship between survivor/control group
and cognition by IL-6 markers varies by tumor type or specific treatment regimens. This
will be important to examine further, since others have found that radiotherapy and/or
chemotherapy induce cellular damage that increases peripheral inflammation and cognitive
problems and that HER2-positive cancers are associated with cognitive problems even prior
to treatment.19-24.38 Fifth, since we added blood collection to an already established cohort,
not all survivors had plasma data prior to systemic therapy.

Taken together, our results suggest that immune activation and inflammation may be
involved in mechanistic pathways leading to CRCD. This idea is biologically plausible
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since peripheral inflammation results in subsequent impairments in cognitive performance
in preclinical models, has a known relationship with cognitive disorders, can increase

brain inflammation seen with neurodegeneration, and can further promote inflammation

in a feed-forward loop.46:47:48 The role of inflammation may also be clinically important
because it may signal risk of increasing aging and frailty4®-50 since cognitive issues are often
interwoven with frailty.>1

It will be useful to develop transdisciplinary teams to replicate our findings using pre-
clinical models and back-translation of findings to human cohorts. This approach is
especially important given the multi-directional relationships between inflammation, aging,
and cancer, and complex interrelated cascades of immune signaling, inflammatory pathways,
and feedback loops in cognitive aging and neurodegeneration.® A transdisciplinary approach
could be especially useful to determine leverage points for development of pharmaceutical
or behavioral interventions designed to mitigate the effects of cancer and its treatments

on cognition,? since cognitive issues can have a pervasive impact on multiple aspects of
survivors’ daily lives.2:56

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. CONSORT Diagram of Older Breast Cancer Survivors and Non-Cancer Controls
from the TLC Study included in Analyses of the Relationships between Immune Markers and
Cognition.

The final analytic sample had biomarker results for one or more blood draws. Reasons for
not having blood drawn among those consenting to blood collection included not being able
to obtain the specimen, and participant not having time or wanting to skip the blood draw.
Since blood specimens were not obtained until 2016 under a protocol revision, participants
enrolled from 2010 to 2015 may have already completed the study, decided not to continue

or have died or dropped out prior to blood collection.
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Figure 2. Adjusted Natural Log-transformed Immune Marker Levels by Timepoint for Older
Breast Cancer Survivors vs. Older Non-Cancer Controls

Results of linear mixed effects model analyses in survivors (red, n=399 total due to one
missing WRAT4 score) and non-cancer controls (blue, n=328 or 329 total due to missing
values for IL-10 or TNF-alpha) at each study visit (baseline, 12-, 24-, 36-, 48- and 60-
months), including an interaction of survivor/control group by time and adjusted for age,
race (White vs. non-White), cognitive reserve (WRAT4 Word Reading score), and study
site. Mean adjusted immune marker levels at each timepoint are plotted on the natural log
scale (In pg/mL) as indicated on the left y-axis, and error bars show the standard error
(SE). For ease of interpretation, equivalent non-transformed pg/mL values are shown on
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the right y-axis. P values from the mixed models for survivor vs. control differences in
adjusted immune marker levels at each study visit are shown along the x-axis. Please see
Supplemental Figure 2 for box plots, and Supplemental Table 1 for sample sizes at each
timepoint.

Panel A. IL-6

Panel B. IL-8
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Figure 3. Schematic Representation of Models Testing Whether Survivor/Control Group
Differences in Cognitive Outcomes are Mediated by the Effects of Group on Immune Markers

The figure illustrates the 2-1-1 multi-level mediation models?8 that evaluate between group
differences (Level 2) on time-varying changes in immune markers (Level 1) and cognitive
outcomes (Level 1). These models test the total effect of survivor vs. control group on
cognition scores (line Bc), which combine independent effects of the immune marker

effects (line B¢’) and the product of the indirect effects of survivor/control group on the
immune marker (line &) and the effects of the marker on cognitive outcomes (line pb). The
remaining effects of group on cognition after considering indirect effects of the pathway
through inflammation are noted as B¢’ Significant indirect effects (Bab, a product of paths

a and b) and indicates that the direct relationship between survivor vs. control group and
cognition scores is due in part to the effects of cancer and its treatment on immune activation
and/or inflammation. Finally, the subscripts denote differences between persons (i) and those
that vary across time (j).
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Characteristics of Older Breast Cancer Survivors Prior to Systemic Therapy, and Older Non-cancer Controls,

at Study Enrollment (Baseline)

All (n=729) | Survivors (n=400) | Controls (n=329)|

| Mean (SD) or % (n) | pvalue@
Sociodemographic
Age, years 0.539
Mean (SD) 67.7 (5.7) 67.8 (5.3) 67.6 (6.2)
[Range], [Median] [60-90], [67] [60-85], [67] [60- 90], [66]
Racial/ethnic group 0.764
Non-White (Black, Hispanic, Asian, other) 16.9% (123) 17.3% (69) 16.4% (54)
White, non-Hispanic 83.1% (606) 82.8% (331) 83.6% (275)
Education, years | 15.5(2.2) | 155(2.1) | 15.6 (2.2) | 0.317
Cognitive reserve, WRAT4 reading score | 110.8 (15.7) | 109.8 (14.8) | 111.9 (16.7) | 0.072
Clinical | | | |
Number of comorbidities | 2.7(2.0) | 3.0 (2.0) | 25 (2.0) | 0.001
High comorbidity, >2 | 49.1% (345) | 56.2% (214) | 40.7% (131) | <0.001
Diabetes | 10.0% (70) | 12.4% (47) | 7.1% (23) | 0.021
Cardiovascular disease (with hypertension) | 50.4% (354) | 55.4% (211) | 44.5% (143) | 0.004
Obesity, BMI 230 kg/m? | 33.6% (243) | 39.3% (157) | 26.5% (86) | <0.001
Psychosocial | | | |
Depressive symptoms, CES-D score ¥ | 5.7 (6.7) | 6.7(7.2) | 45(5.8) | <0.001
Anxiety, STAI State score ¢ | 27.9 (6.9) | 28.8 (7.6) | 26.9 (5.9) | <0.001
Cognition
EACT-PCI score & | 61.1(10.2) | 60.7 (10.8) | 61.5 (9.5) | 0.289
Attention, Processing speed, Executive function (APE) z-score € | -0.01 (0.62) | -0.07 (0.61) | 0.06 (0.62) | 0.007
Learning and Memory (LM) z-score € | 0.03 (0.77) | 0.00 (0.77) | 0.06 (0.78) | 0.357
Breast cancer characteristics in Survivors
AJCC v.6 Tumor Stage | | | |
0 | - | 17.4% (68) | - |
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| All (n=729) | Survivors (n=400) | Controls (n=329) |

Mean (SD) or % (n) | pvalue@

60.9% (238) | - |

18.29% (71) | -

3.6% (14) | ;

Tumor markers

I
18.2% (71) | -
I

ER positive -

HER2 positive - 3.6% (14) -
Surgery

Breast conservation alone - 52.4% (208) -

Breast conservation with radiotherapy - 19.1% (76) -

Mastectomy - 28.5% (113) -

Time between surgery and baseline pre-systemic therapy assessment,

days f
Mean (SD) - 49.5 (SD 29.8),
[Range], [Median] - [4-169], [42]

Systemic Therapy 9 | | | - |
Chemotherapy (+/- hormonal therapy) | - | 25.8% (92) | - |
Hormonal therapy, no chemotherapy | - | 74.2% (264) | - |

a . . .
p values from t-tests, ANOVA or chi-square tests comparing survivors vs. controls

Based on CES-D continuous scores (range 0-60); scores of 16+ are considered clinical depression. Mean score differences are statistically, but not
clinically meaningfully different.

Based on STAI State continuous scores (range 20-80); scores of 54+ are considered clinical anxiety in older adults. Mean score differences are
statistically, but not clinically meaningfully different.

a . . _— -

FACT-PCI scores for 18 items (range 0-72); higher scores indicate better self-reported cognition.
e . . . .

Z-scores for neurocognitive test performance are age and education standardized to the overall TLC control sample mean at baseline. Scores range
from -1 to +1, where zero indicates having the same score as the control group average, and scores from >0 to 1 are better than the average, and
scores from <0 to -1 are worse than the average.

f . . . . .
N=375; survivors who had neoadjuvant therapy (n=23), did not receive surgery (n=1) and failed to return for surgery for ~9 months (n=1) were not
included in calculation of time from surgery to baseline immune marker sample.

989.2% of hormonal therapy was with aromatase inhibitors
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Table 2.

Effects of Being an Older Breast Cancer Survivor vs. Older Non-Cancer Control on Neurocognitive Tests of
the Attention, Processing Speed and Executive Functioning (APE) Domain, and Mediation of Effects through
Immune Activation/Inflammatory Pathways <

Immune Marker Survivor/control group | Survivor/control Immune Indirect effect of Survivor/control
(per one unit effect on APE, group effect on marker effect group on APE group effect on
change in natural independent of immune marker on APE via immune marker | APE, controlling for
log transformed indirect effect on (Mediation effect) indirect effect on
pg/mL) immune markers immune markers
Bc (SE)2 Ba (SE) Bb (SE) Bab (SE) Bc’ (SE)

IL-63 | -.097 (.038) * | 218 (.049) | -.106 (.036) " | -.023 (.009) ** | -.074(.039)*
IL-8 | 096 (038)* | -.038 (.036) | -.063 (.068) | 002 (,003) | 099 (038)"
IL-10 | -.095 (.038) * | -.107 (.055) * | -.100 (.034) ™" | .011 (.007)* | -.106 (.038) ™"
TNF-aIpha | —-.095 (038) * | - 005 026) | -171 (063 ** | .001 (004) | —-.096 (038) *
IFN-gamma | -.097 (.038) * | -.013 (042) | -.041 ( 058) | .001 (.002) | -.097 (.038) *

SE=standard error; P values are indicated as follows:
+
0.10> p >0.05,

*
p <0.05,

Hok

p <0.01,

HokA

p <0.001.
'Z'Results from 399 survivors and 328 (IL-10, TNF-alpha) or 329 (IL-6, IL-8, IFN-gamma) controls in multi-level mediation analyses controlling
for age, racial/ethnic group (White, non-Hispanic vs. non-White), WRAT4 reading score, study site.

ZEach B (SE) is labeled with &, b, ab, cor ¢’ based on the pathways shown on Figure 3.

3'Note that result for the IL-6 mediation effect (Bab) remains significant (p <0.01) if a Bonferroni correction for testing 5 markers (0.05/5=0.01) is

applied. If cardiovascular comorbidities are added to the model, the beta for IL-6 mediation changes from 0.023 (SD 0.00) to 0.025 (SD 0.009) and
remains significant at p=<0.01.
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