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Abstract
This study aimed to investigate prospective memory impairment in patients with breast cancer with different expression of hormone
receptors, including the estrogen receptor (ER) and the progesterone receptor (PR).
A total of 120 patients with breast cancer who underwent chemotherapy following surgery were divided into 2 groups. The A group

included 60 patients with ER�/PR� status, and the B group included 60 patients with ER+/PR+ status. After 6 cycles of postoperative
adjuvant chemotherapy, all patients were administered neuropsychological and prospective memory tests, such as the Mini-Mental
State Examination (MMSE), verbal fluency test (VFT), and digit span test (DST), as well as examination of event-based prospective
memory (EBPM) and time-based prospective memory (TBPM).
As the neuropsychological background test results showed, there were no significant differences in MMSE, DST, and TBPM

scores (∗:P>0.05) between patients with breast cancer in the ER�/PR� and ER+/PR+ groups, while the VFT and EBPM scores were
significantly greater in patients with breast cancer with ER+/PR+ status than in those with ER�/PR� status (∗∗: P<0.01), indicating
that patients with ER�/PR� status have significant impairment in EBPM, although not in TBPM.
The results of the present study indicate that different hormone receptor expression in patients with breast cancer may be

associated with heterogeneity of chemotherapy-induced prospective memory impairment.

Abbreviations: CICI = chemotherapy-induced cognitive impairment, DST = digit span test, EBPM = event-based prospective
memory, ER = estrogen receptor, MMSE =mini-mental state examination, PM = prospective memory, PR = progesterone receptor,
RM = retrospective memory, TBPM = time-based prospective memory, TNBC = triple-negative breast cancer, VFT = verbal fluency
test.
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1. Introduction

In the clinical setting, a majority of patients with breast cancer
frequently experience cognitive deficits following chemotherapy,
and their memory, attention, concentration, reasoning, executive
control, and visuospatial skills are commonly affected.[1–3] As
several studies have shown, memory impairment is the most
prominent presentation of chemotherapy-induced cognitive
impairment (CICI) in patients with breast cancer,[2,4,5] and acts
as an important factor affecting the long-term quality of life in
these patients.[6]
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Memory can be divided into retrospective memory (RM) and
prospective memory (PM). PM is defined as the ability to
remember to perform a future plan or to recall a planned
intention, which is the type of memory most closely related to
daily life in humans. According to the nature of the cues
associated with the planned intention, PM can be classified into 2
subtypes, event-based prospective memory (EBPM) and time-
based prospective memory (TBPM). EBPM is the memory to
perform a particular action when some external event occurs,
such as remembering to post a letter when you pass the postbox,
and has the characteristics of a delay between the encoding and
execution stages, engagement in other activities during the delay,
absence of an external reminder, and self-initiation. On the other
hand, TBPM is the memory to perform an action at a certain
future time, such as remembering an appointment at 8 AM, and
the characteristics of TBPMare the same as those of EBPM.[7] PM
is typically assessed with a dual-task paradigm (a PM task and an
ongoing task),[8] and as our previous study demonstrated,
patients with breast cancer who had undergone adjuvant
chemotherapy showed deficits in EBPM tasks, but not in TBPM
tasks.[9]

Molecular classification of breast cancer has become one of the
most important directions of research in the field of breast cancer.
Based on developments in molecular biology, several intrinsic
breast cancer subtypes have been classified on the gene level,
including the luminal subtypes, which are characterized by the
expression of hormone receptor-related genes, the subtypes with
overexpression of human epidermal growth factor receptor 2
(HER2), and the basal-like subtypes (the majority of basal-like
cancers are also triple-negative breast cancer [TNBC]).[10] TNBC
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refers to any breast cancer that lacks expression of estrogen
receptors (ER), progesterone receptor (PR), and HER2, a
phenotype associated with special clinical features, risk factors,
and prognostic outcomes. TNBC accounts for approximately
12% to 17% of all breast cancer cases.[11] ERs are mainly
distributed in the prefrontal cortex, hippocampus, and amygdala
of the brain.[12] By combining with estrogen, ERs participate in
the regulation of cognitive function, including memory.[12] It is
shown that estrogen could affect the cognitive performance of
premenopausal and postmenopausal women. In general, work
performance concerning working and verbal memory [13] as well
as execution ability[14] could be enhanced by higher levels of
estrogen. On the contrary, the estrogen decrease along with
natural menopause is correlated with cognitive function
decrease.[15] Association exists between the reduced level of
estrogen and the worse memory function and verbal fluen-
cy.[16,17] A previous study showed that there is heterogeneity
within CICI among breast cancer survivors.[18] The increased
awareness of chemotherapy-related cognitive impairment is
reflected by a growing number of recent review papers focusing
on the structural and functional changes in the human brain
concomitant with chemotherapy.[19] However, it remains
unknown whether there are differences in PM impairment after
chemotherapy between patients with breast cancer with ER or
PR-positive and negative status.
The present study examined neuropsychological tests and PM

changes in patients with breast cancer with ER+/� or PR+/� status
who were matched for age, education, and general intelligence
before and after chemotherapy, and therefore, this study aimed to
investigate chemotherapy-induced PM impairment in patients
with breast cancer with different hormone receptor expression.
2. Methods

2.1. Patients and groups

A total of 120 patients with breast cancer, who were hospitalized
from June 2013 to December 2015 in the Department of
Oncology, The Affiliated Second Hospital of Anhui Medical
University, were recruited, and divided into 2 groups according to
the positive and negative expression of estrogen receptor (ER+/�)
and progesterone receptor (PR+/�), including 60 patients with
ER�/PR� status (Group A) and 60 patients with ER+/PR+ status
(Group B). Patients suffering from breast cancer were selected
according to the following inclusion standards: Denovo breast
cancer diagnosed according to postoperative pathology; stan-
dard-dose chemotherapy treatment with paclitaxel, doxorubicin,
fluorouracil, and cyclophosphamide, except for the hormone
therapy; normal cognitive function with a Mini-Mental State
Examination (MMSE) score which is not lower than 24; normal
activities of daily life with a Karnofsky Performance Scale score
that is not lower than 80; no damage to hearing, vision, or
linguistic competence; and normal results of magnetic resonance
imaging and brain computer tomography. The test selected
the breast cancer patients satisfying the following conditions:
distant metastasis and cachexia; hormonal treatment; psychiatric
symptoms such as depression and anxiety; diseases causing
cognitive disorder; previous cognitive therapy and dependence on
drug or alcohol; and serious functional disorder in kidney, heart,
brain, liver, or the hematopoietic system. The study was
approved by the Research Ethics Committee of The Second
Affiliated Hospital of Anhui Medical University, and informed
consent was obtained from all subjects.
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2.2. Neuropsychological background tests

To evaluate general memory and cognitive functions to the
above grouping of patients with breast cancer, related tests on
neuropsychological backgrounds were carried out for 4 weeks,
which is divided into 2 stages: before the chemotherapy and after
6 rounds of postoperative adjuvant chemotherapy. Based on the
MMSE, cognitive functions such as short-term memory, space-
time orientation, computation, visuospatial skills, and linguistic
competence were evaluated. In the verbal fluency test (VFT),
testees were required to name as many animals as possible in
1 minute. The digit span test (DST) aimed to measure the short-
term memory, wherein the testees were required to recall a string
of numbers heard by them in a random sequence. The total score
depended on the quantity of numbers recalled with a correct
sequence. Likewise, PM tasks were then carried out.
2.3. Event-based prospective memory (EBPM) task

Subjects were initially instructed to tap the desk whenever they
found the2animalwords (target events).Next, the testees needed to
tell the examiner their telephone numbers after the tests. Then, they
joined a task ofword selection using 30 question cards printedwith
12 Chinese words respectively. Ten words among the 12 words
were classified into1 type, and theother2wordswere classified into
another type. The testees selected the 2 words of 1 type different
from the left 10words. The tester presented each card to the testees.
Then, they needed to give verbal answers at personal pace. On the
5th, 10th, 15th, 20th, 25th, and 30th cards in the word selection
task, the target events of PM task took place. An approach similar
to the method applied in the report of McDaniel and Einstein was
used to recordperformance of the testees in theword selection.One
point was marked for the correct response to each target event
(there were 6 target events in total). Correct telling of the telephone
number after the test was marked by 2 points. Wrong incorrect
response to a target event or failure to tell their telephone numbers
obtained zero point. The highest EBPM score was 8 points.
2.4. Time-based prospective memory (TBPM) task

The testees were required to dab the desk at an interval of
5minutes from the start time (namely, dabbed the desk at the time
points of 5, 10, and 15minutes). In the test, subjects could check
time by a digital clock. To eliminate visible cues, the clockwas put
1 m away behind the right shoulder of the testee. Hence, the
testees could check time only after turning head to the clock.
At the very beginning, 00:00:00 (hour, minute, second) was
displayed by the clock. After the clock started working, the testees
started executing the number selection task involving 100 cards
printed with 12 two-digit numbers respectively. The testees were
instructed to select the maximum andminimum numbers on each
card. The exact time for the testees tomake a response by dabbing
the desk was recorded. When 17minutes was displayed by
the clock, the number selection task could be stopped. Two
points were marked if the testees made a response between the
10seconds before the target time and 10seconds after the target
time. One point was marked if the testees made a response
between 30seconds before the target time and 30seconds after
the target time. The maximum TBPM score was 6 points.
2.5. Statistical analysis

All data are expressed as the mean± standard deviation.
Statistical analysis was performed with 1-way analysis of



Table 1

Basic clinical information of breast cancer patients with ER�/PR� and ER+/PR+ status.

Groups (mean±SD)

Parameters A (n=60) B (n=60)

Age, y 49.45±10.93 49.91±10.53
Education, y 9.93±3.15 9.95±3.38
Invasive breast carcinoma, nospecial type 55 58
Invasive breast carcinoma, special type 2 0

Pathological patterns Carcinoma in situ 3 1
Microinvasive carcinoma 0 1

ER= estrogen receptor, PR=progesterone receptor, SD= standard deviation.
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variance using SPSS software (version 22.0, http://spss.en.
softonic.com/; Chicago, IL), and Student t tests were performed
in a group of 2 samples, and P<0.05 and P<0.01 were
considered to indicate significant differences and highly signifi-
cant differences, respectively.

3. Results

3.1. Basic clinical information for patients with breast
cancer with ER�/PR� and ER+/PR+ status

Therewere no significant differences in age or years of education in
patients with breast cancer in group A, with ER�/PR� status, and
those in group B, with ER+/PR+ status (49.45±10.93 vs 47.92±
10.53 and 9.93±3.15 vs 9.95±3.38, respectively). In groupA, the
pathological pattern manifested as 55 cases of invasive breast
carcinoma, nospecial type; 2 cases of invasive breast carcinoma,
special type; and 3 cases of carcinoma in situ. Similarly, the
pathological pattern of group B manifested as 58 cases of invasive
breast carcinoma, no special type; 1 case of carcinoma in situ; and1
case of microinvasive carcinoma (Table 1).

3.2. Neuropsychological background tests of breast
cancer patients with ER�/PR� and ER+/PR+ status

According to the neuropsychological background tests results,
theMMSE, DST, and TBPM scores of breast cancer patients with
ER�/PR� and ER+/PR+ status were as follows: MMSE: 27.35±
1.38 versus 25.65±1.88; DST: 5.25±1.06 versus 5.97±0.86;
and TBPM:4.75±1.04 versus 4.52±0.91, respectively, with no
significant difference (∗: P>0.05). However, the VFT and EBPM
scores were significantly greater in group B than in group A
(10.77±1.84 vs 8.33±1.59 and 2.53±0.93 vs 0.90±0.84,
respectively; ∗∗: P<0.01) (Table 2).
Table 2

Neuropsychological background tests in patients with breast
cancer with ER�/PR� and ER+/PR+ status.

Parameters
Groups (mean±SD)

A (n=60) B (n=60)

MMSE 25.65±1.88 27.35±1.38
∗

DST 5.25±1.06 5.97±0.86
∗

VFT 8.33±1.59 10.77±1.84†

EBPM 0.90±0.84 2.53±0.93†

TBPM 4.52±0.91 4.75±1.04
∗

DST=digit span test, EBPM= event-based prospective memory, ER= estrogen receptor, MMSE=
Mini-Mental State Examination, PR=progesterone receptor, SD= standard deviation, TBPM= time-
based prospective memory, VFT= verbal fluency test.
∗
P>0.05.

† P<0.01.

3

4. Discussion

In the present study, we demonstrated that breast cancer patients
with different hormone receptor expression have different levels
of CICI. Specifically, patients with breast cancer with ER-/
PR-status have poorer scores on neuropsychological background
tests measuring chemotherapy-induced impairment than patients
with ER+/PR+ status. In addition, patients with breast cancer with
ER-/PR-status have greater chemotherapy-induced event PM
impairment than patients with ER+/PR+ status.
Memory impairment is the most prominent aspect of CICI,

which has been receiving increased attention as an identifiable
psychological cognitive change.[20,21] Previous research has
shown that cognitive dysfunction in patients with breast cancer
after chemotherapy affects their daily lives and reduces their
quality of life.[22] The influence of CICI on the long-term survival
of patients with breast cancer has been found to be even more
significant than that of recurrence and metastasis of the tumor
itself.[23] Furthermore, the severity of CICI in patients with breast
cancer is affected by many factors, including pathological
classification.[24] In our study, 120 patients with breast cancer
treated with chemotherapy were found to demonstrate decreases
in cognitive function. We also found that the neuropsychological
background tests in patients with ER- and PR-positive status
showed more significant decreases than those of patients with
ER- and PR-negative status after chemotherapy.
In addition, a growing amount of evidence has demonstrated

the importance of estrogen and progesterone in modulating
cognition. It is well known that estrogen is the primary female sex
hormones and that it has many effects in the brain, such as
neurogenerative, neurotrophic, cholinergic neurotransmission,
and synaptic plasticity, which are crucial for modulating
cognition function.[25,26] In the clinical setting, estrogen can be
useful during menopause and in the treatment of age-related
cognitive decline.[27,28] Estrogen exerts its effects by binding to
ERs and plays a pivotal role in cognitive function, especially in
memory. Progesterone is involved in the modulation of neuro-
trophin expression and promotion of cell survival. When
progesterone binds to its receptor, it can activate signal
transduction pathways, which, in turn, trigger relevant cellular
events that are key to neuroprotection.[29] It is clear that PRs
could mediate neuroprotective actions of progesterone in the
central nervous system, especially on the release of brain-derived
neurotrophic factor, which is broadly and abundantly expressed
in the brain.[30,31] PRs are widely expressed in the human brain
and play an important role in cognitive function. In the present
study, patients with ER�/PR� status were found to have more
significant damage in EBPM than patients with ER+/PR+ status.
The present results may provide valuable evidence regarding

the differences in chemotherapy-induced PM impairment
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between 2 groups of patients with breast cancer with different ER
and PR receptor expression. However, additional studies should
be performed to examine the mechanisms underlying PM
impairment in patients with breast cancer with different hormone
receptor expression. Because of the limited sample size, the
validity and reliability of our findings on PM impairment should
be validated by studies including large samples of patients with
breast cancer in the future.
5. Conclusion

This study indicated that different hormone receptor expression
in patients with breast cancer may be associated with
heterogeneity in chemotherapy-induced PM impairment. Larger
studies are warranted to confirm these results.
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