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Abstract

Background: Cancer-related cognitive decline (CRCD) has been linked to apolipoprotein E (APOE) gene e4 polymorphisms. APOE e4
polymorphisms are also the strongest genetic risk for late-onset Alzheimer disease (AD), whereas e2 polymorphisms protect
against AD. However, the effects of e2 polymorphisms on CRCD have not been evaluated. Methods: We evaluated nonmetastatic
breast cancer survivors (n¼427) and matched noncancer controls (n¼407) ages 60-98 years assessed presystemic therapy
from August 2010 to December 2017 with annual follow-up to 24 months. Neuropsychological assessment measured atten-
tion, processing speed, executive function, and learning and memory. Linear mixed-effects models tested the effects of hav-
ing an e2 allele (vs none) on longitudinal cognitive domain z scores by treatment group (chemotherapy with or without hor-
monal therapy, hormonal therapy, and control) controlling for covariates; participants with e2/e4 genotype were excluded.
Sensitivity analyses examined effects of other covariates and any e4 positivity. Results: There was an interaction with
genotype for attention, processing speed, and executive functioning domain scores (Beta¼0.32, 95% confidence interval
¼ 0.00 to 0.65); the chemotherapy group with an e2 allele had higher scores at baseline and maintained higher scores over
time compared with those without an e2 allele, and this protective effect was not seen for other groups. There was no effect
of e2 on learning and memory domain scores. Conclusions: APOE e2 polymorphisms may protect against CRCD in older breast
cancer survivors receiving chemotherapy. With replication, this information could be useful for survivorship care and
informing future studies of possible links to AD and defining mechanisms of protection.
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Cancer-related cognitive decline (CRCD) is increasingly recog-
nized among some breast cancer survivors, and even subtle
declines can adversely affect functioning and quality of life (1-
4). Efforts to identify risk factors suggest the etiology is multi-
factorial and may include direct effects of cancer, treatment
toxicity, age, and genetic vulnerability (5-11). The apolipopro-
tein E (APOE) gene is the most commonly studied gene in CRCD
(11,12). The e4 allele is seen in roughly 25% of the population, is
the strongest genetic risk factor for late-onset Alzheimer dis-
ease (AD), and has been associated with risk of CRCD in most
studies (11-14), particularly after chemotherapy (15). The e2 al-
lele, seen in about 8% of the population (16), is considered to be
protective against developing AD (17-19). However, there are
no data on the potential protective effects of the e2 allele on
CRCD (11).

To fill this clinical gap, we conducted an evaluation of the
role of APOE e2 in longitudinal cognitive function among older
breast cancer survivors and a matched noncancer control group
in the Thinking and Living with Cancer (TLC) study (15,20). We
hypothesized that having an e2 allele would have the greatest
protective effects in women who received chemotherapy with
or without hormonal

therapy compared with those taking hormonal therapy only
or controls. The results are intended to guide future research to
inform practice (21), extend our results, and study possible links
between CRCD and AD.

Methods

Design, Population, and Data Collection

We conducted a secondary analysis using data from the TLC
multisite prospective study (ClinicalTrials.gov identifier:
NCT03451383) of older breast cancer survivors and frequency-
matched noncancer controls (15). All institutional review boards
approved the protocol (NCT03451383).

We included participants recruited between August 1, 2010,
and December 31, 2017, and followed until January 29, 2020; the
study is ongoing. Eligible breast cancer survivors were 60 years
of age or older, newly diagnosed with primary nonmetastatic
breast cancer, and able to complete assessments in English;
women with a history of stroke, head injury, major axis I psy-
chiatric disorders, and neurodegenerative disorders were ex-
cluded. We also excluded women with a prior history of cancer
if active treatment occurred in the 5 years prior to enrollment or
included systemic therapy. Controls included friend and com-
munity controls frequency matched to survivors by age, race,
education, and recruitment site; controls had the same exclu-
sion criteria as survivors. To be included in this analysis, partici-
pants were also required to have APOE genotype data (available
for 98.3% of survivors and 96.6% of controls).

Participants were screened using the Mini-Mental State
Examination (22) and the Wide Range Achievement Test, 4th
edition (WRAT-4) Word Reading (23) subtest. Those with scores
of less than 24 or below third grade equivalent reading level, re-
spectively, were ineligible (1 survivor, 1 control). Controls who
scored more than 3 standard deviations below the control mean
baseline neuropsychological scores for their age and education
group were ineligible post hoc (n¼ 8) per protocol (15). Patients
were ineligible for follow-up if they developed any of the initial
exclusions, and prior data were excluded if the change in eligi-
bility occurred within 6 months of the prior follow-up visit. The

final analytic sample included 427 survivors and 407 controls
(see Figure 1).

Assessments were conducted by trained staff at enrollment
(postsurgery, presystemic therapy for survivors) and annually
through 24 months and included a structured survey, neuropsy-
chological testing, and provision of lab specimens.

Measures

Our primary outcomes were longitudinal scores on neurocogni-
tive testing of 2 domains relevant to CRCD (24) and supported
by previous factor analysis (15): attention, processing speed,
and executive functioning (6 tests); and verbal learning and
memory (5 tests) (Supplementary Table 1, available online) (25-
28). Scores were transformed into z scores based on age and ed-
ucation group-matched noncancer control baseline means and
standard deviations. In sensitivity analyses, we included self-
reported cognition as measured on the Functional Assessment
of Cancer Therapy-Cognition (29,30).

APOE genotype for rs7412 and rs429358 was determined us-
ing a combination of TaqMan assays (Life Technologies,
Carlsbad, CA) and Fluidigm genotyping using a custom-
designed 96–single-nucleotide polymorphism fingerprinting
chip (Fluidigm, San Francisco, CA).

We examined several potential covariates of the relationship
between cognition and genotype, including sociodemographics
(age, race, marital status), psychological factors (depression,
anxiety), sleep (disturbed sleep yes/no based on a 2-item mea-
sure) (31), smoking history (ever vs never), and cognitive and
physical reserve. Clinical depression was defined as 16 or higher
on the Center for Epidemiologic Studies Depression Scale (32),
and the State-Trait Anxiety Inventory State total score mea-
sured anxiety (33). We used the WRAT-4 to measure cognitive
reserve (23). A 42-item deficit accumulation index (15,34,35) was
used to capture comorbidities, polypharmacy, functional ability,
psychosocial factors (eg, marital status, social support, anxiety,
depression, fatigue), and self-reported family history of demen-
tia (first-degree relative) but excluded cognition. We also ex-
plored baseline cardiovascular disease (any angina, arrhythmia,
myocardial infarction, and other cardiovascular diseases) as a
potential confounder of the effects of APOE on cognition.

Statistical Analysis

Univariable statistics summarized the relationship between
baseline characteristics and APOE e2 genotype (any e2 allele vs
not) and survivors and controls. The non-Finnish European
population frequency for APOE alleles (16) was used to compare
genotype distributions in our sample with those expected in the
general population and assessed for statistically significant dif-
ferences using Hardy-Weinberg equilibrium testing (36,37).

For multivariable analyses, we excluded participants with
the e2/e4 genotype because any protective effect of e2 might be
attenuated by the e4 allele (13). We used separate linear mixed
models to test the effect of APOE e2 genotype (any vs no e2 allele)
and treatment group (chemotherapy with or without hormonal
therapy, hormonal therapy alone, or noncancer control) on lon-
gitudinal standardized z scores for the attention, processing
speed, executive functioning, and learning and memory cogni-
tive domains. We examined 2- and 3-way interactions of geno-
type, treatment group, and time. We also evaluated deficit
accumulation index (which includes family history of dementia)
or anxiety, depression, smoking history, time since surgery, and
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sleep disturbance as potential covariates. Variables were
retained in the final models if they had P values less than .20
and face validity and improved the model goodness of fit based
on Bayesian Information Criterion. All models included baseline
age, race (White vs non-White), WRAT-4 score, recruitment site,
and baseline deficit accumulation scores to capture variability
related to factors that might affect genotype-cognition relation-
ships. We also tested whether there were statistically signifi-
cant interactions between baseline deficit accumulation scores,
treatment group, and genotype (18). We considered P values
less than .05 to be statistically significant, and all tests were 2-
sided.

We also conducted several sensitivity analyses. First, we ex-
amined models that excluded participants with e3/e4 and e4/e4
genotypes to confirm that the presence of any e4 allele did not
confound results (13). Next, because cognitive declines can be
subtle (38), we modeled the effects of e2 on individual neuropsy-
chological test scores and self-reported cognition. The APOE e2
genotype has been associated with type III hyperlipoproteine-
mia, which may increase risk for heart disease and adversely af-
fect cognition (39), so we tested the effects of cardiovascular-
related comorbidities in lieu of baseline deficit accumulation.
Finally, we evaluated model results with inverse probability
weighting to address the effects of participants who dropped
out or died during the course of the study. There was no statisti-
cally significant association between genotype, baseline cogni-
tion, or baseline deficits accumulation index score and
subsequent dropout or death, and model results were not sensi-
tive to missing data based on inverse probability weighting, so
we report unweighted results. Analyses were conducted be-
tween October 19, 2019, and August 21, 2020, using SAS 9.4.b sta-
tistical software (SAS Institute, Cary, NC).

Results

Study Sample

The analytic sample remaining alive and eligible for follow-up
after baseline comprised 77.0% and 70.3% survivors and 89.2%

and 78.0% controls, who completed 12- and 24-month assess-
ments, respectively. There were no statistically significant dif-
ferences in baseline variables related to cognition by number of
assessments completed. The majority of the sample (94%) pro-
vided specimens for genotyping and did not differ in terms of
age, race, WRAT, education, or baseline cognition scores from
those who did not; the control group had a smaller proportion
of women with no specimens than that of either of the other 2
treatment groups (chemotherapy vs control P ¼ .04; hormonal
only vs control P ¼ .06). The survivors and noncancer controls
were demographically comparable (Table 1). Among survivors,
women who received chemotherapy (with or without hormonal
treatment) had more advanced stage (P < .001), were younger (P
< .001), and had fewer cardiovascular comorbidities (P ¼ .02)
than women treated with hormonal therapy alone. Survivors
selected for chemotherapy also had the highest levels of base-
line anxiety and depression across the group; survivors also had
higher levels of baseline sleep disturbance than controls.
Participants had an overall frequency of any e2 allele of 15.2%,
similar to the expected frequency (13.5%) in White non-
Hispanic populations, with no statistically significant differen-
ces among treatment groups in e2 status (Table 2).

Effect of APOE e2 Allele on Cognitive Outcomes

We found an interaction between genotype and chemotherapy
(vs control) on adjusted cognition scores for the attention, proc-
essing speed, and executive function domain (P ¼ .05); however,
an overall interaction (df¼ 2) between genotype and treatment
group was not statistically significant (P ¼ .13). In the chemo-
therapy group, those with an e2 allele had higher attention,
processing speed, and executive function domain scores across
all time points compared with those without an e2 allele, and
this effect was not seen in the other groups (Table 3 and
Figure 2). Post hoc comparisons showed non-statistically signifi-
cant 0.16 of a standard deviation difference in baseline atten-
tion, processing speed, and executive functioning scores
between e2 carriers and noncarriers in the chemotherapy group
(P ¼ .26; see Supplementary Table 2, available online).

Analytic sample 

with APOE
genotype data 

(n=427; 89.5%)

Completed 

24-month 

assessment 

(n=279; 70.3%)

Completed 

12-month 

assessment

(n=329; 77.0%)

Skipped 

12-month 

assessment

(n=68; 15.9%)

Refused all 

future 

assessments

(n=19; 4.4%)

Died or became 

ineligible

(n=11; 2.6%)

Skipped 

24-month 

assessment

(n=77; 19.4%)

Refused all 

future 

assessments

(n=24; 6.0%)

Died or became 

ineligible 

(n=17; 4.3%)

Enrolled 

Survivors

(n=477)

Excluded (n=50)

• No  APOE genotype data 

(n=42; 8.8%)

• APOE ε2/4 genotype 

(n=8; 1.7%)

Analytic sample with 

APOE genotype 

data 

(n=407; 93.6%)

Completed 24-

month 

assessment 

(n=305; 78.0%)

Completed 12-

month 

assessment

(n=363; 89.2%)

Skipped 12-

month 

assessment

(n=28; 6.9%)

Refused all 

future 
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(n=8; 2.0%)

Died or became 

ineligible

(n=8; 2.0%)

Skipped 24-month 

assessment

(n=64; 16.3%)

Refused all 

future 

assessments

(n=13; 3.3%)

Died or became 

ineligible 

(n=9; 2.3%)

Excluded (n=28)

• No  APOE genotype data 

(n=14; 3.2%)

• APOE ε2/4 genotype 

(n=14; 3.2%)

Enrolled Controls

(n=435)

CONTROLSSURVIVORS

Figure 1. Analytic sample of older breast cancer survivors and matched noncancer controls. APOE ¼ apolipoprotein E.
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Contrary to expectation, controls with an e2 allele had lower
attention, processing speed, and executive functioning scores
than those without an e2 allele (P ¼ .047) across timepoints.
There was no effect of e2 genotype on learning and memory
(Figure 3). Results were unchanged if anxiety, depression, or
sleep disturbance was considered (Supplementary Tables 3-5,
available online). Smoking history, family history of dementia,
and time since surgery were not statistically significant contrib-
utors to the models, did not change the genotype-cognition
results, and were not included in final models.

Sensitivity Analysis

When we excluded participants with e3/e4 and e4/e4 genotypes,
similar results were obtained (Supplementary Tables 6-8, avail-
able online). We also examined models of each constituent neu-
ropsychological test comprising the attention, processing
speed, and executive functioning domain. The effect of the e2
genotype on cognition by treatment group tended to be driven
by 2 of the 6 tests (COWAT, P ¼ .02; Trail Making B, P ¼ .09;
Supplementary Table 9, available online). Additionally, we
found no relationships between e2 and self-reported cognition
(Table 3; Supplementary Table 8, available online). If we consid-
ered the effect of mean baseline cardiovascular comorbidities
instead of deficit accumulation score, we saw a similar pattern
to the primary analyses, and the model fit indices were not im-
proved compared with initial models (Supplementary Table 10,
available online).

Discussion

To our knowledge, this is the first study to examine the effect of
the APOE e2 allele on cognitive outcomes of cancer survivors.
We found that older breast cancer survivors who were e2 allele
carriers who received chemotherapy had better cognitive per-
formance on tests of attention, processing speed, and executive
functioning before systemic therapy, and this stronger perfor-
mance was maintained over 24 months. The observed protec-
tive effect was not seen among survivors on hormonal therapy
or noncancer controls. Although the observed effect was of
small magnitude, it may nonetheless be clinically meaningful
given the subtle neurocognitive changes associated with CRCD.
Genotype was not related to tests of learning and memory in
any group. Results were very similar when we excluded all par-
ticipants with an APOE e4 allele. Neither mood, history of smok-
ing, family history of dementia, nor time since surgery affected
results. The lack of an e2 protective effect in the noncancer con-
trol group was not explained by deficit accumulation, number

of comorbidities, cardiovascular comorbidities, or other
variables.

Most prior genetic studies of CRCD in breast cancer survivors
have focused on APOE e4. We expected that, compared with
noncarriers, survivors and noncancer controls with an e2 allele
would have better cognition over time, with more pronounced
protective effects for survivors because of cancer-related toxic-
ities. However, we found that having an e2 allele was only pro-
tective for survivors selected for chemotherapy, and the source
of this effect was higher cognitive function prior to systemic
therapy that then persisted over time after treatment exposure.
These effects were not explained by younger age or lower
comorbidities or deficits in survivors selected for chemotherapy
compared with hormonal therapy alone. These findings may
suggest that having an e2 allele promoted cognitive reserve and
buffered against cognitive decline in the face of challenges of
high tumor burden and/or exposure to chemotherapy-related
toxicities (9,40).

The APOE gene has pleotropic effects, although the exact
mechanisms by which APOE genotypes affect CRCD (and AD)
are largely undetermined. However, APOE e2 promotes anti-
inflammatory and anti-oxidant processes, supports synaptic
plasticity, and protects against aging-related cognitive decline,
whereas e4 confers risk for cognitive decline (18,41-44). Thus, it
is reasonable that survivors who were e2 carriers and exposed
to chemotherapy were the most protected from cognitive loss
because cancer and chemotherapy are associated with DNA
damage and inflammation. An alternative explanation for our
result could be that oncologists are selecting older patients for
treatment based on their clinical assessment of ability to sur-
vive long enough to benefit from chemotherapy (45,46), and our
results may reflect unmeasured factors related to this selection
bias.

Similar to prior reports from our group and others
(5,9,12,15), we found that APOE genotype was statistically sig-
nificantly associated with differences in the domain of atten-
tion, processing speed, and executive functioning but not
learning and memory. However, the impact of APOE genotype
on cognitive performance is small, therefore, it is possible that
despite our relatively large sample size, we were unable to de-
tect small effects of the e2 genotype on learning and memory.
Indeed, only 2 of the 6 tests of attention, processing speed, and
executive function were related to the genotype-cognition in-
teraction observed in the aggregate domain score. These 2
tests are arguably more demanding on executive processes
than the others and thus may provide better sensitivity to sub-
tle effects. There is a growing consensus that refining cognitive
measurement sensitivity will increase the likelihood of signal

Table 2. Genotype distributiona

APOE
genotype

Overall sample with known
APOE results, % (No.)

(n¼ 856)

Noncancer
controls,
% (No.)

(n¼ 421)

Survivors receiving chemotherapy with or without
hormonal treatment, % (No.)

(n¼ 119)

Survivors receiving hormonal
treatment alone, % (No.)

(n¼ 301)

e2/2 0.5 (4) 0.5 (2) 0.0 (0) 0.3 (1)
e2/3 12.1 (104) 10.9 (46) 17.6 (21) 11.6 (35)
e2/4 2.6 (22) 3.3 (14) 0.8 (1) 2.3 (7)
e3/3 64.3 (550) 63.9 (269) 64.7 (77) 65.1 (196)
e3/4 18.3 (157) 19.5 (82) 14.3 (17) 18.3 (55)
e4/4 2.2 (19) 1.9 (8) 2.5 (3) 2.3 (7)

aAPOE ¼ apolipoprotein E
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detection for clinically meaningful effects in cancer popula-
tions (47).

Interestingly, we did not observe any genotype effects on
self-reported cognitive function. Because the benefit of e2 was
observed at study entry and prior to chemotherapy treatment,
differences in cognitive function may be more long-standing
than those typically captured by the Functional Assessment of
Cancer Therapy-Cognition (ie, acute, noticeable changes related
to cancer treatment). Prior work in this cohort has similarly
detected effects of the e4 genotype only on neuropsychological
testing and not on self-report (15). CRCD is likely multifactorial
and measured using both objective and subjective means, and
the association of self-reported cognition to genetic factors
requires further study.

A strength of our study is having a control group, allowing
comparison of longitudinal findings among breast cancer survi-
vors to those in a normative sample without cancer. We were
surprised by the finding of a relative disadvantage of e2 positiv-
ity in our noncancer control group across timepoints. It is
unclear how to interpret this finding, because survivors and
noncancer controls were well-matched at enrollment, and ac-
counting for covariates that differed between the treatment
groups such as anxiety and depression did not affect results.
Because the APOE e2 genotype has been associated with type III

hyperlipoproteinemia (39) and is linked to cardiovascular health
(48,49), we also evaluated cardiovascular comorbidities, and
these did not markedly change the results. It is possible that the
exclusion of participants with neurodegenerative disease had a
differential effect on results for survivors and controls. It will be
important to understand the broader effects of e2 on health and
cognition in cancer populations and integrate evidence from
noncancer studies. Furthermore, these unexpected findings in
our control group could signal the need to attend to specific ge-
notype in study design or analysis of comparison samples.
Overall, the effects of e2 may dynamically influence risks and
benefits across multiple outcomes, which are yet to be fully
appreciated.

Other clinically relevant findings include the fact that simi-
lar to past studies of CRCD (15) and current models of dementia
risk (50), we found that APOE genotypes do not correspond to a
family history of dementia. Further, baseline mood symptoms
and smoking history failed to explain the relationship between
e2 status and neuropsychological outcomes, suggesting these
are distinct clinical outcomes, consistent with current multifac-
torial theories of CRCD (3,6,31).

There are several limitations to this study that should be
considered in evaluating our results. First, this was a secondary
unplanned analysis, and although a protective effect of e2 on

Table 3. Impact of APOE e2 genotype on adjusted longitudinal scores on objective cognition test domains and FACT-Cog Perceived Cognitive
Impairment Scores among older breast cancer survivors (n¼ 412) and noncancer controls (n¼ 407) excluding e2/4 genotypea,b

Term

Final models with baseline deficits accumulation

Attention, processing speed,
and executive function z score

Learning and memory
z score

FACT-Cog 18-item perceived
cognitive impairment score

APOE genotype
P .83 .64 .91
Any e2 vs no e2 allele, Beta (95% CI) -0.16 (-0.33 to -0.00)* 0.05 (-0.16 to 0.25) 0.63 (-1.87 to 3.14)

Group
P .75 .69 .20
Chemotherapy with or without

HT vs control, Beta (95% CI)
-0.11 (-0.24 to 0.02) -0.05 (-0.22 to 0.11) -1.21 (-3.22 to 0.81)

Hormonal vs control, Beta
(95% CI)

-0.03 (-0.12 to 0.06) 0.01 (-0.11 to 0.12) -1.01 (-2.43 to 0.40)

Time
P <.001 <.001 .07
12 months vs baseline, Beta (95% CI) 0.09 (0.06 to 0.12)** 0.20 (0.15 to 0.24)** -0.60 (-1.26 to 0.06)
24 months vs baseline, Beta (95% CI) 0.12 (0.09 to 0.16)** 0.19 (0.14 to 0.24)** -0.76 (-1.47 to -0.05)*

Interaction of group and genotype
P .13 .95 .78
Any e2 allele and chemotherapy vs no e2

allele, control, Beta (95% CI)
0.32 (0.00 to 0.65)* -0.05 (-0.46 to 0.36) -1.78 (-6.80 to 3.24)

Any e2 allele and hormonal therapy vs no
e2 allele, control, Beta (95% CI)

0.13 (-0.12 to 0.38) 0.02 (-0.30 to 0.34) -0.47 (-4.41 to 3.47)

Baseline deficits accumulation per 0.01
points, Beta (95% CI)

-0.01 (-0.02 to -0.01)** 0.00 (-0.00 to 0.01) -0.29 (-0.37 to -0.21)**

Model Fit—BIC 2501.5 3742.6 13374.7

aResults from mixed linear models; model fit was assessed using the Bayesian Information Criteria (BIC) score; lower scores indicate better fit. This primary analysis

includes women with APOE e2/2, e2/3, e3/3, e3/4, or e4/4 genotypes, grouped as having any vs no e2 allele; women with e2/4 genotype are excluded (n¼8 survivors and 14

controls). Each covariate adjusted for the effects of the other variables, time, interactions, and age, race, WRAT score, and recruitment site. Comparable models further

excluding genotypes e3/4 and e4/4 are included in secondary analyses in Supplementary Table 3 (available online). APOE ¼ apolipoprotein E; CI ¼ confidence interval;

FACT-Cog ¼ Functional Assessment of Cancer Therapy-Cognition.
bThe inclusion of terms for comorbidities or cardiovascular disease or hyperlipidemia (instead of deficits accumulation scores) did not improve model fit so were not

used. Because depression and anxiety only modestly altered model fit, they were not statistically significant factors and did not meaningfully alter results; they were

not retained in the final models. Smoking and sleep disturbance were not related to group, e2 or cognition, and were not included in the final model. Family history of

dementia was included in the deficits accumulation index. Two- and 3-way interactions of e2 or treatment group, deficits accumulation, and time were not statistically

significant and were not retained in the models. Participants with missing baseline covariates or outcomes would be excluded from the model.
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cognitive function in cancer survivors is biologically plausible
and consistent with the AD literature (17-19), it will be impor-
tant to replicate our findings in diverse settings and populations

(51,52). Second, our power to detect small effects was limited
because the e2 allele is infrequent (13). Very few women who re-
ceived chemotherapy had the e2/e2 or e2/e3 genotype, and an
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Figure 2. Impact of APOE e2 genotype on adjusted longitudinal scores on attention, processing speed, and executive functioning z scores among older breast cancer sur-

vivors (n¼378) and noncancer controls (n¼388) excluding e2/4 genotype 1. Results for (A) chemotherapy with and without hormonal therapy, (B) hormonal therapy

only, and (C) controls are shown. Supplementary Tables 11 and 12 (available online) provide adjusted mean attention, processing speed, and executive functioning z

scores over time and post hoc group comparisons.
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even lower percentage of women receiving only hormonal ther-
apy had either genotype, underscoring the need for further
study across treatment exposures. We were also not able to

examine dose-response effects of the number of e2 alleles or the
effects among different chemotherapy regimens. Third, follow-
up of more than 24 months may be needed to evaluate the role
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Figure 3. Impact of APOE e2 genotype on adjusted longitudinal scores on learning and memory z scores among older breast cancer survivors (n¼378) and noncancer

controls (n¼ 388) excluding e2/4 genotype. Results for (A) chemotherapy with and without hormonal therapy, (B) hormonal therapy only, and (C) controls are shown.

Supplementary Tables 12 and 13 (available online) provide adjusted mean learning and memory z scores over time and post hoc group comparisons.
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of genotype on later risk of cognitive decline. Finally, e2 may
protect aspects of cognition not captured in our neuropsycho-
logical battery.

Our result that the APOE e2 allele may confer protection
against cognitive decline for cancer survivors selected to receive
chemotherapy adds a new dimension to the body of evidence
supporting a role of APOE genotype broadly and strengthens ev-
idence suggesting parallels between CRCD and AD
(9,12,15,31,53). This idea is supported by indirect evidence, in-
cluding neuroimaging studies showing that breast cancer survi-
vors and individuals with AD have abnormalities in similar
brain regions (54,55) and overlap in the cognitive domains af-
fected (9,56). There is also increasing evidence showing that in-
flammatory pathways are likely involved in the development of
both conditions and anti-inflammatory activity varies by APOE

genotype (18,57-62). Because our results were unchanged when
we excluded all e4 carriers, our e2 findings are not merely the in-
verse of the e4 findings previously reported (15) and are consis-
tent with the unique effects of each variant described in the AD
literature (18). Overall, this study is the first to demonstrate a
potential protective effect of the e2 allele on CRCD in breast can-

cer survivors, and the need for replication is emphasized.
Determining genetic protection from or risk for CRCD remains a
priority to help patients understand their risk for these symp-
toms and improve prevention, assessment, and informed treat-
ment decisions (5,21).
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