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Cognitive decline is a common health problem among breast cancer patients and understanding 

trajectories of cognitive change following among breast cancer survivors is an important public 

health goal. We conducted a longitudinal study to investigate the cognitive function changes from 

18 month to 3 years after breast cancer diagnosis among participants of the Shanghai Breast 

cancer survivor study, a population-based cohort study of breast cancer survivors. In our study, we 

completed cognitive function evaluation for 1,300 breast cancer survivors at the 18th month’s 

survey and 1,059 at 36th month’s survey, respectively, using a battery of cognitive function 

measurements. We found the scores in attention and executive function, immediate memory and 

delayed memory significantly improved from 18 to 36 months after breast cancer diagnosis. The 

improvements appeared in breast cancer survivors receiving treatments (i.e., surgery, radiotherapy, 

tamoxifen, or chemotherapy combined with or without tamoxifen), but not in those who received 

neither chemotherapy nor tamoxifen treatment. The results indicate that cognitive functions, 

particularly immediate verbal episodic memory, and delayed memory significantly improved 

among breast cancer survivors from 18 to 36 months after cancer diagnosis. In general, 

comorbidity was inversely associated with the improvements.
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Introduction

Advances in therapies have led to dramatic improvements in the survival rates of breast 

cancer survivors [1]. As a result, the 5- and 10-year relative survival rates for breast cancer 

are 86 and 78 %, respectively, among US women [2]. In our recent study of Chinese women 

with breast cancer living in Shanghai, 5-year survival rates were 88.5 % [3]. A variety of 

health problems associated with cancer diagnosis and its treatments, such as cognitive 

dysfunction, have attracted growing in attention in the research and clinical management of 

breast cancer survivors [4].

Cognitive dysfunction is common among breast cancer survivors [5-8] and is a serious 

concern for individuals both during active treatment and, thereafter, as it has the potential to 

substantially disrupt decision-making abilities and career, family, and social functioning 

more generally [6, 9]. This cognitive dysfunction, widely known as “chemobrain” represents 

a significant public health problem with far reaching implications [10-13]. One well-

designed study found that 61 % of patients may have “chemobrain” after chemotherapy, 

with 50 % of patients experiencing persistent symptoms for 1 year or longer [5]. Although 

the exact mechanisms are not clear, possible contributors to “chemobrain” may include 

indirect toxicity and oxidative damage, direct injury to neurons, sex hormone changes, and 

inflammation associated with cancer therapies, such as radiation, chemotherapy, and 

hormonal therapy [14-18]. Of note, some recent studies have found signs of cognitive 

function improvement shortly after completing of chemotherapy [7, 19] suggesting “chemo 

brain” may be recoverable. However, no study has conducted to examine the trajectory of 

cognitive recovery long after completion of cancer treatment.
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With the number of breast cancer survivors increasing, even as the duration of survival 

increases, understanding the cognitive function changes with time is critical for developing 

preventive and interventional strategies for cognitive dysfunction in breast cancer survivors. 

We conducted a longitudinal study to investigate the cognitive function changes from 18 

months to 3 years after breast cancer diagnosis among participants of the Shanghai Breast 

Cancer Survivor Study (SBCSS).

Methods

Participants

The study was approved by the IRB of all the institutes involving in the study. The subjects 

included in this report were participants in the SBCSS, which is a population-based breast 

cancer survivor cohort of women who were permanent residents of Shanghai, China, and 

diagnosed with primary breast cancer between March 2002 and April 2006. A total of 5,042 

women with newly diagnosed breast cancer and between ages 20 and 75 were recruited 

approximately 6 months after cancer diagnosis. Women with In situ breast cancer 

(accounted for only 3 % of overall breast cancer in Shanghai) were excluded from this 

study.

When we started to add the cognitive component in our breast cancer survival study, about 

two-thirds of participants completed their 18th month’s follow-up survey. As a result, a total 

of 1,605 SBCSS participants, who were diagnosed of breast cancer between December 2004 

and April 2006 and were alive at the 18th month’s follow-up, were approached for the 

cognitive assessment during their 18th month’s follow-up survey. We excluded 48 survivors 

from the study because they had a prior history of stroke. The remaining 1,557 breast cancer 

patients participated in this study.

We compared characteristics between 1,557 eligible participants with the participants in 

whole cohort (5,042 participants) and found that social demographics, age at cancer 

diagnosis, and clinical features are similar between these two study populations.

Among the 1,557 eligible participants, 1,300 (83.5 %) completed the cognitive function 

evaluation at the 18th month’s follow-up survey. These cognitive function study participants 

were invited to participate in the 2nd evaluation at the 36th month’s post-diagnosis survey. 

A total of 1,059 survivors completed the 2nd cognitive function evaluation with a response 

rate of 81.5 %. The reasons of non-response were refusal (216 cases, 13.9 %), moving (13 

cases, 0.8 %), and other reasons (28 cases, 1.8 %) for the first evaluation, and refusal (164 

cases, 12.6 %), moving (8 cases, 0.6 %), death (41 cases, 3.2 %), and other reason (28 cases, 

2.2 %) for the 2nd evaluation (Fig. 1).

Data collection

At enrollment, approximately 6 months after cancer diagnosis, a face-to-face interview was 

administered for each eligible breast cancer case using a structured questionnaire to gather 

information on demographics, cancer diagnosis, menopausal statue and syndrome, 

comorbidity, surgery, chemotherapy, radiotherapy, tamoxifen, and other hormonal 

treatment, as well as Chinese traditional medicine. Among patients who ever used 
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tamoxifen, long-term tamoxifen users were those who were still using tamoxifen at their 

36th month’s visit, and short-term tamoxifen users were those who stopped using tamoxifen 

at the 36th month’s visit. More details of clinical and lifestyle factors collection and 

verification were described in the papers published previously [20, 21]. Medical charts were 

reviewed to obtain information on tumor characteristics, include TNM stage, ER and PR 

status and verify cancer treatment information.

In-person interviews were administered again at 18th and 36th months after cancer 

diagnosis, respectively, to collect information on disease recurrence and survival status, 

treatment, and to capture changes in health status, including comorbidity, menopausal status, 

and syndrome. We asked each participant about the presence of menopausal symptoms 

including hot flashes, night sweats, depressed mood, vaginal dryness, and dry skin or skin 

dryness/itching since diagnosis and during adjuvant treatment for breast cancer at baseline 

interview.

Cognitive function assessment

Cognitive function was assessed using a battery comprising three widely used tools, all with 

robust psychometric properties: (1) a measure of immediate and delayed verbal episodic 

memory, the Logical Memory Subtest from the Chinese Version of the Wechsler Memory 

Scale [22]; (2) a measure of language/executive function (Chinese Version of the Category 

Fluency Test) [23]; and (3) a measure of attention/executive function (Chinese Version of 

the Stroop Test) [24].

Previously, we have conducted a study in Shanghai to evaluate the diagnostic validity of a 

short battery of cognitive tests for mild cognitive impairment and Alzheimer’s disease. We 

selected 50 Alzheimer’s disease patients (NINCDS/ADRDA criteria) and 50 mild cognitive 

impairment (Petersen criteria) patients who came to Huashan Hospital, Fudan University, 

Shanghai, China for a neurologic work-up for dementia. We also selected 50 healthy 

community-dwelling volunteers matched for sex and age. The initial screen included the 

Chinese version of the Mini-Mental State Examination. A clinical evaluation and informant-

based instruments were subsequently administered. The Clinical Dementia Rating Scale was 

used to assess dementia severity.

We found that the logic memory subtest, category fluency test, and Stroop test were able to 

significantly discriminate Alzheimer’s disease from mild cognitive impairment, Alzheimer’s 

disease versus controls and mild cognitive impairment versus controls (P < 0.05). Age, 

education, and scores from the logic memory subtest, category fluency, and Stroop tests 

were used in multiple logistic regression models and a composite score of these variables 

generated. The largest area under the receiver-operator characteristic (ROC) curve was 1.00 

[95 % confidence interval (95 % CI) 0.95–1.00] for Alzheimer’s disease versus normal and 

0.88 (95 % CI 0.79–0.94) for mild cognitive impairment versus controls. This validated 

battery was used in the current study.

The study interviewers, supervisors, and project director were formally trained to conduct 

cognitive function tests by a neurologist at the Shanghai Huashan Hospital, Fudan 

University [25].
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Statistical methods

Demographic variables and selected characteristics were compared between subjects eligible 

for cognition component study and subjects who completed the examinations by the Student 

t test for continuous variables and Chi square test for dichotomous variables. Relations 

between age at diagnosis and scores of cognition components were measured using linear 

regression model. Scores of cognition components were compared by demographic variables 

and selected characteristics using ANOVA. Paired t tests were used to compare the 

cognition functions measured at the 18th and 36th month’s visits. Statistical data analyses 

were performed with SAS 9.2 software (SAS Institute, Cary, NC). All of the reported P 

values were two-tailed, and statistical significance was set at P ≤ 0.05.

Results

In Table 1, we compared the demographic variables and selected characteristics between 

1,557 eligible participants, 1,300 breast cancer survivors who completed cognitive function 

examination at the 18th month’s visit and 1,059 breast cancer survivors who completed 

cognitive function examination at 36th month’s visit. We found that there were no 

significant differences between three groups on age, income, education achievements, 

menopausal status, menopausal syndromes at the time of being tested on cognitive function, 

TNM stages, ER and PR status, cancer treatments, and comorbidity of the breast cancer 

survivors.

We compared the cognitive functions conducted at the 18th month’s visit by demographic 

variables and characteristics (Table 2). We found the scores of logical memory subtest test 

(both immediate and delayed memory), category fluency test and Stroop test were all 

consistently inversely correlated with age, whereas higher cognitive function scores were 

associated with higher income and educational achievements. After adjusting for age at 

diagnosis, income, and education, post-menopausal breast cancer survivors had higher 

scores in all of the tests than pre-menopausal women. We also found the women with earlier 

stage at diagnosis and use of chemotherapy had higher scores in the fluency and Stroop 

tests. We did not find significant differences in these cognitive measures between tamoxifen 

users and non-users at the 18th month.

We examined the cognitive function changes between the 18th and 36th month’s visits for 

those who finished both cognitive assessments (Table 3). Compared to the assessment 

conducted at the18th month’s visit, 56.58 % of women had increased scores on the 

immediate memory test, 49.77 % on the verbal fluency test, 56.12 % on the Stroop test, and 

58.08 % on the delayed memory test at the 36th month’s visit. On average, the scores of 

immediate memory test improved by 1.32 points (95 % CI 1.10–1.54), average scores of 

Stroop test improved by 1.35 points (95 % CI 0.68–2.02), and average scores of the delayed 

memory test increased 1.58 points (95 % CI 1.37–1.80).

Regardless of treatments (e.g., surgery, chemotherapy, radiotherapy, tamoxifen, or both 

chemotherapy and tamoxifen), cognitive functions including immediate memory, delayed 

memory, and/or Stroop tests significantly improved from 18 to 36 month after cancer 

diagnosis. Likewise, the long-term tamoxifen user showed the same improvement patterns. 
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However, for the short-term tamoxifen user, scores on the Stroop test did not significantly 

improve. Although sample size was substantially reduced among those who received 

tamoxifen but not chemotherapy, scores of immediate memory and delayed memory test 

significantly improved. On the other hand, breast cancer survivors who received neither 

chemotherapy nor tamoxifen showed no significant improvement in any of the tests. After 

further adjustment for age, education, income, menopausal status, depression, menopausal 

syndrome, TNM status, and event of relapse, the improvement pattern showed that 

immediate memory and delayed memory improvement were significant, but most of the 

significant improvement in Stroop test turned to be non-significant except the group of 

patients received chemotherapy. The improvements among those with tamoxifen use less 

than 3 years were not significant. Also, the improvement for immediate memory among 

those who used tamoxifen, but did not get chemotherapy was not significant after 

adjustment. Thus, the improvements were significant only among those who used 

chemotherapy or used tamoxifen more than 3 years.

Further, we conducted analyses to examine whether demographics and disease 

characteristics were related to the changes in cognitive function score (Table 4). After 

adjustment for age, education, income, menopausal status, depression, menopausal 

syndrome, TNM status, and event of relapse, we found that age was inversely related to the 

improvement of immediate memory, Fluency, and Stroop test scores but without statistics 

significance, and women with collage education had greater improvement in Fluency test 

scores comparing with women with less education. We also found, comorbidity was 

associated with less improvement of immediate memory.

Discussion

We found that cognitive functions, particularly short memory, attention, and executive 

function (tested by the Stroop test) and delayed memory significantly improved among 

breast cancer survivors from 18 to 36 months after cancer diagnosis. Improvements in 

immediate memory, delayed memory, and attention/executive were seen among survivors 

ever treated with surgery, radiotherapy, tamoxifen, or chemotherapy combined with or 

without tamoxifen. On the other hand, there were no significant improvements among those 

who received neither chemotherapy nor tamoxifen. We found that older age was related to 

less improvement in immediate memory, verbal fluency, and attention/executive. Lower 

educational achievement was associated with less improvement in verbal fluency test. 

Comorbidity seemed to be associated with less improvement in immediate memory and 

verbal fluency. To our best knowledge, this is the first study to investigate the long-term 

cognitive changes among breast cancer survivors.

Many previous studies conducted in general aging populations suggesting that age is the 

strongest factor associated with cognitive function and cognitive decline [26-28]. Our 

finding is also consistent with that from previous studies conducted among breast cancer 

survivors in which older age was associated with both cognitive function at baseline and 

cognitive function change [29-32]. A previous study found breast cancer patients who 

underwent both chemotherapy and hormonal therapy experienced the most severe and 

persistent decline in cognitive function [33], but the decline improved right after the 
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cessation of treatment [34]. In our study, we conducted the first cognitive function 

assessment at 18 months after cancer diagnosis by then most of women should have 

completed their cancer treatment. Because we did not have cognitive function assessment 

before cancer diagnosis, we could not evaluate the cognitive function decline related cancer 

treatment. On the other hand, we found cognitive function improvement between 18 and 36 

months after cancer diagnosis, suggesting the cognitive function recovery lasted to 36 

months after diagnosis. The improvements appeared among those who received treatments 

(i.e., surgery, radiotherapy, tamoxifen, or chemotherapy combined with or without 

tamoxifen), but not among those who received neither chemotherapy nor tamoxifen 

treatment.

The SBCSS is a population-based cohort study. We added the cognitive function component 

in the study after about half of participants completed the 18th month’s follow-up visit. 

Thus, we were only able to add the component to a subset of subjects. However, we found 

there are no significant differences in demographic variables and selected characteristics 

between eligible subjects and those who participated in the cognitive function component 

study. Thus, selection bias is unlikely. In our study, we were unable to compare the 

cognitive functions between before treatment and after treatment. The temporal sequence 

was not clear in the analysis of the associations between demographic variables and selected 

characteristics and cognitive function at 18 months after diagnosis. However, we 

longitudinally investigated the associations of these factors with cognitive changes between 

the 18th and 36th month’s visit. To evaluate the effect of treatments (including 

chemotherapy and radiotherapy) on cognitive functions is not our focus. Instead, our study 

focused to understand how cognitive function evolves in a long run after cancer treatment 

and what factors may affect these changes among long-term breast cancer survivors.

One concern is that psychomotor speed, which is commonly impaired in breast cancer 

survivors, cannot be evaluated by the battery we used. Thus, future studies are needed to 

examine the changes in psychomotor speed among breast cancer survivors. Another 

weakness of the study is that we did not conduct IQ assessment. Thus, we were not able to 

control for IQ as a potential confounding factor. Although there were 18 months between the 

two tests, it is still possible that practice effects contribute partially to the cognitive 

improvements we observed. Further studies are necessary to confirm our results.

In summary, cognitive functions, particularly short-term, attention and executive function, 

and long-term memory significantly improved among breast cancer survivors from the 18th- 

to the 36th-month after cancer diagnosis. The improvements appeared in those who received 

treatments, but not among those who did not receive any treatment. Future studies are 

warranted to not only replicate the findings, explore the unidentified predictive factors, but 

also understand the potential mechanism.
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Fig. 1. 
Consort diagram of Shanghai women breast cancer cohort study cognition substudy
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