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Abstract

Purpose: Older cancer patients are susceptible to long-term effects of chemotherapy, including 

cancer-related cognitive decline and impairments to quality of life. Taxane-based chemotherapies 

are associated with physical declines among older women and may negatively impact cognitive 

performance. We sought to examine whether changes in objective and subjective measures of 

cognitive performance and well-being differ among older breast cancer survivors as a function of 

taxane-based chemotherapy treatment regimens.

Methods: Individual-level data was pooled and harmonized from two large prospective studies 

of older (greater than 60 years) breast cancer survivors. Assessments were conducted prior to 

systemic therapy and up to 36-months after. Cognitive performance was assessed with objective 

(working memory, processing speed and executive functions) and subjective tests and physical, 

emotional and functional well-being was also assessed.

Results: One hundred and sixty-seven (M age = 67.3 years) women, with 116 receiving 

chemotherapy with taxanes and 51 without taxanes contributed data. Declines in subjective 

cognition for both groups were significant between pre-treatment and 12-month follow-up. 

Significant improvements were seen on a measure of objective cognition (working memory) from 

12 to 36-months. Measures of well-being improved from prior to systemic therapy to 12-months. 

Longitudinal changes across all measures did not vary as a function of receipt of taxane-based 

treatment.

Conclusion: Older women who received treatment with taxanes did not have greater declines in 

cognitive performance or well-being than women receiving other chemotherapy regimens. Despite 
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older cancer survivors being at greater risk for negative outcomes, treatment with taxane-based 

chemotherapies does not appear to exacerbate these health consequences.
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A majority of the observed declines in breast cancer mortality rates over the past decades 

have been attributed to advances in adjuvant chemotherapy.[1] Among the millions of 

women now living after breast cancer, approximately three-quarters of them are older 

than age 65.[2] The number of older survivors will increase over the coming decades 

due to population dynamics.[3] However, survivors face lifelong risks of adverse health 

effects from initial therapy, especially chemotherapy, and these effects can have lasting 

impact on quality of life.[3, 4] Older survivors may be especially vulnerable to long-

term chemotherapy-related adverse effects, since they are also facing normative aging-

related processes.[5] Cancer-related cognitive decline (CRCD) is an important long-term 

chemotherapy-related adverse effect.[6–10] Older age is one risk factor for CRCD after 

chemotherapy either due to vulnerability to direct neurotoxicity and/or unmasking of 

underlying age-related neurodegenerative processes.[6, 11, 12]

Adjuvant rates of chemotherapy use are expected to decrease in the future with the growth 

of evidence on use of gene-expression profile tests to guide treatment among women 

with hormone receptor positive early stage breast cancers.[13] However, chemotherapy 

will likely continue to be indicated for women newly diagnosed with breast cancers with 

high recurrence risk factors, advanced stage disease and/or hormonal receptor negative. 

Taxane-based regimens have rapidly diffused into practice and are a key component of 

regimens for women with indications for chemotherapy.[14] However, this class of drugs 

is associated with greater physical functional declines in older women with breast cancer 

[15, 16]. Preclinical studies indicate treatment with taxanes induce cognitive impairment and 

the negative impact of these treatments on synaptic plasticity and inflammatory processes 

may also compromise cognitive performance in humans.[17] However, this idea has been 

difficult to study for several reasons. The inclusion of taxanes for cancer treatment among 

older adults was not standard of care and as a result, no research has examined the impact 

of taxanes on cognitive performance among older adults. There are limited numbers of 

older women in chemotherapy trials and fewer still that include sufficient numbers of older 

women and/or data on quality of life and cognitive endpoints for specific regimens and 

agents.[13] Data on regimen-specific effects of chemotherapy would be useful to oncologists 

and their older patients who require chemotherapy.

To fill this gap, we pooled and harmonized individual-level data from two large prospective 

cohorts of older breast cancer survivors (TLC and CogAge).[6, 11, 15, 18] The overall 

goal of this study was to test whether older women receiving adjuvant taxane-based 

treatment regimens had greater short-term (pre-treatment to 12-months) or longer-term (12- 

to 36-months) longitudinal declines in subjective and objective measures of neurocognitive 

performance and quality of life (QOL) than those receiving non-taxane regimens. The results 
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are intended to guide future research and to inform discussions about breast cancer treatment 

choices among older women who will undergo adjuvant chemotherapy.

METHODS

Participants

Participants were selected from the Thinking and Living with Cancer Study (TLC) [6, 11] 

and the CogAge [15, 18] studies. These studies are among the only cohort studies designed 

to specifically examine longitudinal outcomes among older women with localized breast 

cancer. Both included pre- and post-systemic therapy assessments of self-reported cognition 

and the same or comparable neuropsychological tests and domains of cognition. The studies 

also each measured longitudinal quality of life dimensions.

TLC was Institutional Review Board approved (ClinicalTrials.gov Identifier: 

NCT03451383) and was conducted at five US sites. TLC enrolled breast cancer survivors 

were 60 years of age or older, newly diagnosed with primary nonmetastatic breast cancer, 

and able to complete assessments in English.[11] Women were evaluated at enrollment 

(post-surgery, pre-systemic therapy) and annually for up to 36-months. We included women 

enrolled from August 2010 to Dec 2016; enrollment and follow-up is ongoing. CogAge was 

conducted in three French comprehensive cancer centers.[15, 18] Eligible women were ages 

65 and older newly diagnosed with breast cancer AJCCv6 stages 1 and 2 enrolled between 

January 2009 to August 2012. Pre-treatment assessments occurred after surgery, but before 

the start of adjuvant therapy. Women were further assessed at 6-, 12-, 18- and 30-months 

following the pre-treatment assessment.

Both studies excluded women with a history of prior cancer and cancer systemic therapy, 

metastatic breast cancer, neurological disease, major psychiatric disorders or addictions, a 

Mini-Mental State Examination (MMSE) score <25 or reading level below 3rd grade or <5 

years of formal education.

Measures

The primary predictor variable was treatment regimen based on medical records and 

dichotomized as containing taxanes (yes vs. no) for adjuvant treatment. The large number of 

combinations of drugs precluded analyses for each combination.

Our primary outcome measure was objective scores on neuropsychological tests; secondary 

outcomes were self-reported cognition and quality of life domains using measures that 

were common between the TLC and CogAge samples. Objective cognitive performance 

was assessed using forward and backward Digit Span [19] (number of correct trials) and 

primarily measures working memory. Trail making tests (TMT) A and B (time to complete) 

[20] measure mainly information processing speed (TMT A) and executive functions (TMT 

B). A shorter time indicates better performance, but for ease of interpretation we reverse 

scored these so that higher scores indicated better performance. The objective cognitive 

measures were rescaled to z-scores to permit comparisons. The CogAge z-scores for the 

Trail making tests were based on age- and education-specific French normative data.[21] 

TLC results were based on age- and education-specific US normative data.[22–24]
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Measures of self-reported cognitive performance included the total score (score range: 0–

132) from the Fact-Cog [25, 26] (version 3) and the perceived cognitive impairment (PCI; 

score range = 0–72) subscale. Since there are slight differences between the number of items 

in English and French versions of the questionnaire, a modified total score was created. 

Namely, the four-item “Comments from Others” subscale in the English questionnaire was 

not included in the French questionnaire because they had been added to the English 

questionnaire prior to the development of the French instrument.

Three measures of quality of life from the FACT-G scales were evaluated,[27] including 

emotional well-being (EWB), physical well-being (PWB) and functional well-being (FWB).

In addition to the primary outcomes, each study provided data on demographic (e.g., 

age, education), clinical (e.g., stage at diagnosis, chemotherapy regimens) and instrument 

activities of daily living (ADL)[28].

Statistical Analysis

We used t-tests and chi-square tests to compare characteristics of the two cohorts and 

survivors treated with taxanes vs. no taxanes. Longitudinal changes in subjective and 

objective cognitive performance were estimating using piecewise multilevel models.[29]. 

This analytic approach allows for sporadic missing data and differences in follow-up 

periods, which is particularly relevant here given variation in the follow-up schedule for 

participants from each study. When combined, the studies provide data at 6-month intervals 

for up to 3 years following surgery. The longitudinal follow-up period was divided into 

short-term (pretreatment to 12-month) and a longer-term (12- to 36-month) segments. At 

baseline, 167 survivors (nTLC = 110, nCogAge = 57) contributed data at baseline and 138 

survivors provided data at the one-year follow-up assessment (nTLC = 82, nCogAge = 56). 

Across the longer-term follow-up period 86 survivors (nTLC = 38, nCogAge = 48) contributed 

data at their last assessment point.

Separate models were used for each outcome (objective neurocognitive performance, self-

reported cognitive problems and quality of life [EWB, PWB, SWB]). Age, education (high 

school versus more than high school), instrumental activities of daily living (IADL) score 

and study (TLC versus CogAge) and treatment with hormone therapies served as covariates. 

Stage was not included in the models since it was strongly colinear with treatment regimen. 

Time in study was estimated separately for the short- and longer-term segments. Finally, the 

impact of taxanes was assessed as a main effect in relation to functioning at the 12-month 

assessment, as well as interacted with longitudinal changes over the short- and longer-term 

time segments.

We also examined the percent of survivors that reported meaningful change in self-

reported cognition (stayed the same vs. declined) between the pre-treatment and 12-month 

assessment (the timepoint that both the TLC and CogAge studies shared). Clinically 

meaningful change was defined as a 0.4 SD unit decline, corresponding to an 6.3-point 

decrement in FACT-Cog total score and a 0.42 SD unit decline, corresponding to an 4.3-

point decrement for the PCI subscale [30].
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The sample sizes examined here allow for at least 80% statistical power to detect 0.5 SD 

differences in longitudinal changes between the two chemotherapy groups. All analyses 

were conducted using SAS Version 9.4 (SAS Institute Inc., Cary, NC, USA).

RESULTS

Sample Characteristics

Patient characteristics included in each study were similar (see supplemental Table 1), 

except that the French cohort was older and less likely to have a high school education than 

the US cohort. The combined sample was almost 70 years of age, over half had greater than 

a high school education, more than half were diagnosed with Stage 1 or 2 breast cancer 

and the majority were treated with hormone therapies (Table 1). The chemotherapy without 

taxane group had worse Trail making A scores at pre-treatment than those with taxanes.

Longitudinal Changes in Objective Cognitive Performance

The results for the cognitive outcomes are shown in Table 2. As a guide to the table, 

time in study was divided into short-term (pre-treatment to 12-months) and longer-term (12-

months to 36-months) time segments based on expected decrements in the post-treatment 

period, and potential recovery or decline over time. We compared the impact on taxanes 

on performance at the 12-month assessment (taxane vs. non taxane regimen), as well as 

changes across the two-time segments, as well as whether taxane impacted longitudinal 

changes. If either interaction was statistically significant, this would indicated that taxane 

treatment was related to changes during that time period.

For the measures of objective cognition, performance was associated with CogAge versus 

TLC study and as expected, women with lower (vs. higher) education and greater (vs. 

fewer) limits in activities of daily living had significantly lower cognitive performance. 

None of the effects for time were significant for Trail Making A. For Trail Making B, the 

significant interaction with taxane group showed improvements in performance between 

pre-treatment and 12-months for the non-taxane group (see Figure 1). Finally, there were 

statistically significant improvements in Digit Span performance between the 12- and 36-

month assessment points, but these did not vary by taxane group.

Longitudinal Changes in Subjective Cognitive Performance

There were statistically significant declines in self-reported cognitive function (i.e., more 

problems) from pre-treatment to the 12-month assessment, but no significant changes after 

that. There were no difference in this pattern of longitudinal change across the follow-up 

periods based on use of taxanes vs. no taxanes (Table 3 and Figure 2). There were also 

no differences in the proportion of survivors having clinically meaningful decrement in 

self-reported cognition based on taxane use (eFigure 1; Fact-Cog Total, p = .614; Fact-Cog 

PCI, p = .832).

Longitudinal Changes in Quality of Life

Adjusted functional and emotional well-being scores increased from pre-treatment to the 

12-month assessment (Table 4 and Figure 3) but there were no differences by taxane groups.
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DISCUSSION

This study pooled data from the largest cohort studies of older women with localized breast 

cancer to evaluate the effects of taxane-based chemotherapy on cognitive and quality of 

life outcomes over time. Overall, the results indicated that older women selected to receive 

treatment with taxanes did not have greater declines in subjective or objective cognitive 

performance than women receiving other chemotherapy regimens. Use of taxanes also did 

not also have a negative impact on quality of life.

There have been mixed results in prior studies examining the impact of specific 

chemotherapy regimens on breast cancer survivors.[31, 32] While we did not find effects 

of taxane regimes on self-reported cognition, Myers and colleagues [31] reported, in 

analyses that were uncorrected for any covariates, that women receiving taxanes (n = 

214) reported greater cognitive impairment on the FACT-Cog PCI subscale, as compared 

to those who did not receive taxanes (n = 149). These differences may be attributable 

to difference in populations of women with breast cancer, study design, availability of pre-

treatment data and consideration of important confounding variables. Among the measures 

of subjective cognitive performance, we observed worsening of self-reported performance 

from pre-treatment to 12-months, but then no further declines after, suggesting that most 

survivors returned to pre-treatment levels by 1 year.

Research on objective tests of cognitive performance is more limited, with only one 

study reporting that younger survivors treated with taxanes performed worse on a test of 

visuospatial functioning [33], but another failing to observe differential change in cognitive 

outcomes from pre-treatment to approximately one year post-treatment among taxane 

recipients with an average age of 50 and all under 70.[34] In animal models, chemotherapy 

with taxanes was associated with impaired cognitive performance and reduced activity.[17] 

One potential criticism of the current research is the narrow breadth of objective measures 

of cognitive performance. Future research should strive to include a wider array of cognitive 

domains to evaluate the potential for taxane treatment to influence cognition. With that said, 

we are confident that when the results of the subjective measures of cognitive performance 

are considered with the objective measures, there appears to be relatively little evidence 

of a significant impact of taxane treatment on subjective or objective tests of cognitive 

performance.

We are not aware of any studies that have examined the impact of taxanes on quality of 

life of older cancer survivors. Our results showed improvements in functional and emotional 

well-being during the short-term follow-up period, followed by relative stability thereafter. 

This pattern of improvement is consistent with previous work [35, 36]. We did not find 

any effects of taxanes on physical, functional or emotional well-being. Interestingly, we 

observed significant differences between the study samples on physical and emotional well-

being, with the CogAge sample exhibiting better scores, even after adjusting for differences 

in age, years of education, IADL and receipt of hormone therapy.

It is encouraging that older women with breast cancer selected to receive adjuvant taxane 

regimens did as well as those on non-taxane regimens. A strength of the current study 
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was the ability to pool data from two studies of older adult breast cancer survivors. This 

resulted in sample sizes that were over twice those of previously published work that 

examined longitudinal changes as a function of taxane treatment among younger women.

[33, 34] Our sample was well powered to detect meaningful differences (i.e., 0.5 SD) 

in longitudinal changes between the two chemotherapy groups. The use of pooled or 

harmonized approaches to understanding changes in cognitive performance is commonplace 

in cognitive aging [37, 38] and Alzheimer’s disease research [39, 40], but our study is 

among the first to pool individual-level data to study CRCD. Although there are challenges 

to this approach, including the lack of standardization of neuropsychological measures 

across studies, as well as the lack of breadth of cognitive domains that are assessed,[41] the 

ability to pool data from diverse samples will likely result in a better understanding of the 

course of CRCD.

There are several limitations to this study that require consideration when evaluating 

our results. First, even though we were able to pool results from two studies of older 

breast cancer survivors, there were differences in the design of the two studies that may 

have impacted the results that were observed. The objective cognitive assessments in 

the CogAge study were more frequent during the first 12 months and this could have 

resulted in differential practice effects across cognitive outcomes. Second, although the 

results of the current study suggest that there is little impact of taxanes on cognitive 

performance, clinicians may choose their treatment regimen based on the survivor’s ability 

to tolerate more aggressive treatment. As such, if those who are treated with taxanes are 

generally healthier prior to treatment, this may mitigate against seeing an effect of taxanes 

longitudinally. In our study, the participants averaged less than 70 years and exhibited few 

limitations to instrumental ADL. We did see that the taxane-treated group had minimally 

higher cognition and quality of life scores pre-systemic therapy. We also cannot rule out 

the possibility that women experienced toxicity with taxanes leading to dose reductions 

or incomplete cycles, attenuating any potential differences and we were unable to control 

for differences in taxane dose in the current study. Finally, taxanes may impact aspects of 

cognition that were not captured in the neuropsychological outcomes that were common 

across the two studies.

The overall goal of this study was to evaluate whether older women receiving taxane-based 

treatment regimens had greater longitudinal declines on multiple measures of cognitive 

performance and well-being as compared to women treated without taxanes. To do so, 

we pooled data from two large prospective studies of older breast cancer survivors. Our 

results demonstrated little impact of taxane-based treatments on longitudinal changes in 

performance. The results suggest that despite taxane-based chemotherapies being associated 

with more physical declines among older cancer survivors, we found little evidence of these 

treatments leading to greater declines in cognitive performance or well-being, at least among 

the measures that were considered here.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1: 
Longitudinal Changes in Objective Cognitive Scores of Processing Speed (Trailmaking A), 

Executive Functioning (Trailmaking B) and Working Memory (Digit Span). Note: Trail 

Making A and Trail Making B are reverse scored (higher=better)
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Figure 2: 
Longitudinal Changes in FACT-Cog Total and FACT-Cog PCI Scores. Note: Higher 

score=fewer cognitive complaints
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Figure 3: 
Longitudinal Changes in Well-Being Scores
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Table 1.

Baseline, Pre-Systemic Therapy Characteristics of Older Women with Breast Cancer Treated with 

Chemotherapy by Taxane Regimen in a Pooled Cohort Sample

Chemotherapy with taxanes (N=116) Chemotherapy without taxanes (N=51) p-value

Mean (SD) or n (%)

Demographics

Age, years 67.0 years (4.8) 68.0 years (4.6) 0.23

More than high school education 68 (58.6%) 30 (58.0%) 0.94

Clinical

Stage at diagnosis 0.07

 Stage 1 39 (33.3%) 26 (51.0%)

 Stage 2 51 (43.9%) 19 (37.3%)

 Stage 3 26 (22.8%) 6 (11.8%)

Chemotherapy Regimens

 Taxane alone 38 (32.8%) 0 (0%)

 Taxane + anthracycline 78 (67.2%) 0 (0%)

 Anthracycline-based alone* 0 (0%) 34 (65.7%)

 Non-anthracycline-based alone* 0 (0%) 17 (34.3%)

Hormonal therapy regimens 0.43

 Aromatase inhibitor 75 (64.7%) 24 (47.1%)

 Tamoxifen 2 (1.7%) 0 (0%)

 No hormonal therapy 39 (33.6%) 27 (52.9%)

Instrumental ADL score* 0.50 (0.95) 0.37 (0.92) 0.41

Cognition

FACT-Cog Total 112.7 (15.44) 115.9 (16.36) 0.28

FACT-Cog Perceived Cognitive Impairment 61.44 (10.14) 63.13 (10.51) 0.37

Trail Making A z-score** 0.11 (1.15) −0.35 (1.85) 0.05

Trail Making B z-score** −0.30 (2.55) −0.82 (2.80) 0.24

Digits Span z-score −0.18 (0.89) −0.03 (0.95) 0.35

Quality of Life/Function

FACT-G Physical Well-Being 21.09 (4.86) 22.30 (3.28) 0.15

FACT-G Social Well-Being 18.84 (3.33) 18.05 (2.84) 0.19

FACT-G Emotional Well-Being 14.14 (4.46) 14.75 (4.75) 0.47

Note: Ranges for FACT self-report measures: FACT-Cog total (range 0–132), FACT-Cog PCI range (0–72), FACT Physical Well-Being (range 
0–24), FACT Social Well-Being (range 0–20), FACT Emotional Well-Being (range 0–16)

*
total number with any impairment

**
reversed scores: higher=better
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