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Abstract

Background: Cancer-related cognitive impairment (CRCI) is a significant problem for cancer patients, as the number of
cancer survivors experiencing cognitive impairments is increasing in the absence of standard treatment. There have been
attempts to improve the cognitive function of patients with cancer using acupuncture; however, no studies have been
conducted using electroacupuncture. Thus, we designed a preliminary study to investigate the feasibility of a clinical trial
using electroacupuncture in CRCI patients. Methods: We conducted a single-arm, pilot, clinical trial to investigate the
feasibility of a study protocol for further large-scale clinical trials of electroacupuncture in CRCI patients. All participants
were treated with electroacupuncture twice a week for 30 minutes at a time, for 8 weeks on acupoints GV20, GV24,
EX-HNI, and GB20, HT7, PC6, and KI3. Both subjective and objective outcomes of cognitive function, quality of life
(Qol), and psychological factors were measured in all participants at baseline, week 4, 8, and 12. For safety assessment,
vital signs, laboratory examinations, and adverse events (AEs) were observed throughout the trial. Results: A total of 12
participants were enrolled at Daejeon and Dunsan Korean Medicine Hospital of Daejeon University from 21 April 2017
to 31 January 2018. After 8 weeks of treatment, electroacupuncture significantly improved both subjective and objective
cognitive outcomes, including the perceived cognitive impairments scale of the Functional Assessment of Cancer Therapy-
Cognitive Function, QoL scale of the European Organization for Research and Treatment of Cancer Quality of Life Core
Questionnaire-C30, Korean version of Montreal Cognitive Assessment, Boston Naming Test, Seoul Verbal Learning Test,
and Rey Complex Figure Test. During the entire trial period, 19 AEs were observed, with no serious AEs. Additionally,
it was found that all feasibility outcomes, including recruitment, completion, and adherence rates, achieved successful
results as the ratio exceeded 0.8. Conclusion: Our study results revealed that electroacupuncture improved cognitive
complaints in cancer patients, and we expect electroacupuncture to be a safe and effective management therapy for CRCI
patients. These feasibility trial results will be used as preliminary data for future randomized controlled clinical trials.
Trial registration number: Korean Clinical Trial Registry (KCT0002168).
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treatment, also referred to as cancer-related cognitive
impairment (CRCI), are among the most frequently
reported symptoms in both cancer patients and survivors.>
As many as 75% of cancer patients have reported prob-
lems with memory, executive functioning, attention, or

Background

Advances in cancer treatments, including chemotherapy,
radiation therapy, and targeted biological therapies, have
greatly improved the overall survival. However, these

treatments are often associated with various side effects
such as immune dysfunction, fatigue, depression, and cog-
nitive impairment, consequently reducing the quality of
life (QoL).! Cognitive complaints after cancer and its

feelings of mental slowness. Current longitudinal studies
also indicate that up to 30% of cancer patients have detect-
able cognitive impairment prior to treatment, up to 75%
experience cognitive decline during treatment, and up to
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35% exhibit deterioration in cognition several years after
the completion of treatment.’

Cognitive impairment is a complex problem that has
been associated with symptoms such as depression, anxiety,
and fatigue, which can negatively affect QoL, work ability,
self-confidence, and even social relationships. These cogni-
tive deficits may also interfere with adherence to treatment
plans, thereby reducing survival rates and increasing other
side effects. Additionally, individuals have been reported to
experience long-term cognitive alterations for as long as
21 years after cancer treatment.*

Despite the high prevalence and deleterious side effects
of CRCI, no definite treatments for CRCI have been recom-
mended. According to the National Comprehensive Cancer
Network guidelines, non-pharmacologic interventions are
recommended for CRCI patients, with pharmacologic inter-
ventions as a last line of therapy in survivors for whom
other interventions have been insufficient.” However, non-
pharmacologic treatments including cognitive training and
physical activity interventions still need additional studies
to establish their efficacy® and the study results of pharma-
cologic interventions such as methylphenidate or modafinil
are inconsistent.’

As current treatment approaches for the management of
CRCI are limited, there have been attempts to improve the
cognitive function of patients with cancer using acupunc-
ture.® Acupuncture, an integrative modality that originated
from Oriental Medicine, has been used to treat diverse dis-
eases with little risk and rare complications, showing its
safety and effectiveness.”!® A large amount of evidence
confirms that acupuncture is safe and effective in treating
cancer-related symptoms, including nausea, pain, anxiety,
fatigue, and sleep disturbance,'' as well as mild cognitive
impairment (MCI) in Alzheimer’s disease.'> Moreover,
recent studies have also reported the effectiveness of acu-
puncture in CRCL.!3-16

Similarly, several studies of electroacupuncture, which
stimulate acupoints by electrical stimulation via inserted
acupuncture needles,!” have shown its efficacy in various
neurological diseases, including MCIL,'*!” dementia,?® and

Parkinson’s disease.”! Compared with acupuncture, elec-
troacupuncture has reported to produce a higher intensity of
stimulation on acupoints and is progressively being widely
used for its adjustable strength, frequency and easy quanti-
fication in the clinic.??> However, studies targeting CRCI
treatment using electroacupuncture have not yet been con-
ducted. Thus, we designed a preliminary study to investi-
gate the feasibility of a clinical trial of electroacupuncture
for treating CRCI. The aim of this study was to investigate
diverse clinical features of CRCI patients, including patient-
report complaints, neuropsychological tests, quality of life,
and psychological problems as a preliminary clinical study
to help design a future confirmatory study.

Methods
Study Design

This study is a single-arm, pilot, clinical trial to investigate
the feasibility of planned design, interventions, and out-
come measures and to facilitate a power calculation for fur-
ther large-scale clinical trials of electroacupuncture in CRCI
patients. The trial was conducted at Daejeon and Dunsan
Korean Medicine Hospital of Daejeon University, from 23
November 2016 to 31 January 2018. A total of 12 out of 15
originally planned patients were enrolled, and 10 completed
the trial. The other 2 dropped out during the trial due to the
lack of time for 1 participant and the other due to inconve-
nience of the intervention. Participants who voluntarily
signed a written informed consent form were screened for
eligibility evaluation based on the inclusion and exclusion
criteria. Eligible participants visited the hospital in the next
2 weeks to start administering a total of 16 electroacupunc-
ture treatments twice a week for 8 weeks. Efficacy outcomes
were evaluated at baseline (week 0), after 4 weeks, after
8 weeks (end of treatment), and after 12 weeks (follow-up).
The feasibility outcomes, recruitment rate, completion rate,
and adherence rate were also evaluated. All participant data
were coded, and all information was kept confidential.
This study was conducted in accordance with the
Declaration of Helsinki and Good Clinical Practice
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Table I. Checklist for Items in STRICTA 2010.

Item Detail Page number
I. Acupuncture (la) Style of acupuncture (eg, Traditional Chinese Medicine, Japanese, Korean, Western p-4
rationale medical, Five Element, ear acupuncture, etc)
(1b) Reasoning for treatment provided, based on historical context, literature sources, and/ p-4
or consensus methods, with references where appropriate
(Ic) Extent to which treatment was varied p-4
2. Details of (2a) Number of needle insertions per subject per session (mean and range where relevant) p-4
needling (2b) Names (or location if no standard name) of points used (uni/bilateral) p-4
(2c) Depth of insertion, based on a specified unit of measurement, or on a particular tissue p4
level
(2d) Response sought (eg, de gi or muscle twitch response) p-4
(2e) Needle stimulation (eg, manual, electrical) p-4
(2f) Needle retention time p-4
(2g) Needle type (diameter, length, and manufacturer or material) p4
3. Treatment (3a) Number of treatment sessions p4
regimen (3b) Frequency and duration of treatment sessions p-4
4. Other (4a) Details of other interventions administered to the acupuncture group (eg, moxibustion, p-4
components cupping, herbs, exercises, lifestyle advice)
of treatment 4b) Setting and context of treatment, including instructions to practitioners, and p-4
information and explanations to patients
5. Practitioner (5) Description of participating acupuncturists (qualification or professional affiliation, years p-4

background
6. Control or

comparator

interventions

in acupuncture practice, other relevant experience)
(6a) Rationale for the control or comparator in the context of the research question, with
sources that justify this choice
(6b) Precise description of the control or comparator. If sham acupuncture or any other
type of acupuncture-like control is used, provide details as for Items |-3 above.

guidelines and Standards for Reporting Interventions in
Clinical Trials of Acupuncture (STRICTA) (Table 1).2* The
study protocol was approved by the Institutional Review
Board (IRB) of Daejeon and the Dunsan Korean Medicine
Hospital of Daejeon University (No. DJOMC-139-1,
DJDSKH-17-BMM-05) registered at the Clinical Research
Information Service (KCT0002168).

Participants

Screening was conducted considering the inclusion and
exclusion criteria, and finally 12 subjects were selected.
Subjects were investigated for cancer history, previous anti-
cancer treatment, diagnosis and pre-treatment of CRCI,
Eastern Cooperative Oncology Group (ECOG) perfor-
mance status, Functional Assessment of Cancer Therapy-
Cognitive  Function-perceived cognitive impairments
(FACT-Cog-PCI), and Korean Vision of Mini-Mental State
Exam (K-MMSE) to screen for eligibility.

Inclusion criteria were as follows: (1) aged equal to or
more than 19 to under 75 years; (2) solid cancer occurred in
adult age, 6 months after finishing cancer treatment (hor-
mone therapy is allowed); (3) complaint of cognitive impair-
ment with the FACT-Cog-PCI score <63%; (4) cognitive
impairment is supposed to be accompanied with cancer

treatment; (5) ECOG performance status 0 to 2; (6) and pro-
vided written informed consent.

Subjects who satisfied any of the following criteria
were excluded from this trial: (1) currently receiving any
of cognitive rehabilitation therapy, herbal medicine, or
conventional treatment for cognitive impairment or under-
went these treatments within 2 weeks; (2) history of tumor
in the central nervous system (CNS), intra-cranial radio-
therapy, or intrathecal chemotherapy or history of CNS
diseases which can affect cognitive function; (3) recur-
rence, metastasis, or progression of cancer; (4) history of
psychological disorders including alcohol dependence,
major depressive disorder, schizophrenia, or bipolar disor-
der; (5) K-MMSE score <20; (6) score in any field of
HADS is equal to or greater than 11; (7) one or more of the
following: platelet count =60000/uL, hemoglobin <8 g/
dL, or absolute neutrophil count <1000; (8) abnormal liver
function test or renal function test values, serious hepatic/
renal failure (equal to or more than 2-fold the upper limit of
aspartate aminotransferase or alanine aminotransferase or
creatinine =2.0 mg/dL); (9) suspected clinically significant
inflammation with C-reactive protein =1.0 mg/L and white
blood cell count >10000/uL; (10) serum albumin value
under normal range and poor oral intake; (11) seriously
unstable medical condition such as abnormal condition
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demanding medical intervention or management; (12) life
expectancy =6 months; (13) planning operation, chemo-
therapy, or radiotherapy during the clinical trial period;
(14) receiving active treatment for anemia (erythropoietin
or blood transfusion); (15) history of hypersensitivity reac-
tion to acupuncture or electroacupuncture or difficulty in
cooperating for the intervention; (16) inserted prosthesis
which is inappropriate for electroacupuncture (pacemaker,
a heart-lung machine, an electrocardiograph, etc.), or who
has a risk for hypersensitivity reaction to electroacupunc-
ture including epilepsy; (17) currently being enrolled on
another clinical trial or 4 weeks have not passed after com-
pletion of the previous clinical trial; (18) pregnant women,
lactating women, or planning for pregnancy; (19) difficulty
in compliance with the treatment, visit, or response to
questionnaires etc.

Intervention

All participants were treated with electroacupuncture twice
a week for 30 minutes at a time, for 8 weeks. Subjects were
needled at GV20, GV24, and EX-HNI1, and both sides in
GB20, HT7, PC6, and K13 with a 5 to 20 mm depth of inser-
tion using sterile, stainless steel, and disposable acupunc-
ture needle (0.25mm X 30mm; Dongbang Acupuncture
Inc., Seoul, Republic of Korea). The acupoint was selected
based on previous studies?*?® and consensus among Korean
medicine specialists of acupuncture and moxibustion and
neuropsychiatry.

The intervention process was initiated with the manipu-
lation of de qi, an irritating feeling of soreness, numbness,
and heaviness considered to be indicative of effective nee-
dling. The intervention was conducted by licensed Korean
medical doctors with more than 2 years of clinical experi-
ence. Participants were then treated with an electrostimula-
tor (ES-160, Ito Co. Ltd., Tokyo, Japan) at the acupoint of
both sides HT7 and PC6 at a frequency of 2 Hz and 80%
intensity for 30 minutes. If needed, practitioners modu-
lated the intensity and depth of acupuncture during treat-
ment, and areas with lymphedema were excluded from the
treatment.

Additional treatments for improving cognitive impair-
ment were prohibited during the entire study period. Other
medications were permitted at the discretion of the investi-
gators. All drug information (name of product, purpose of
administration, dosage, duration of administration, etc.)
was recorded on the patient case report form.

Efficacy Outcome Measures

The primary outcome measure to evaluate the efficacy of
electroacupuncture on CRCI was FACT-Cog (Version 3)
after 8 weeks of treatment compared to the baseline (week
0). The FACT-Cog is a validated self-report questionnaire

of perceived cognitive function and impact on QoL over
7 days, consisting of 37 questions on a 5-point Likert-type
scale. As subjective complaints are key to the CRCI prob-
lem, we tried to evaluate patient-report complaints as our
primary outcome measure. The FACT-Cog consists of 4
subscales: perceived cognitive impairments (PCI), per-
ceived cognitive abilities (PCA), impact on quality of life
(IQL), and comments from others (CFO). The individual
subscale scores are summed to determine the total FACT-
Cog score, ranging from 0 to 148, with a higher score indi-
cating better cognitive function.?

To assess cognitive function, QoL, and psychological
problems to investigate various clinical features in cancer
survivors with cognitive impairments, we evaluated Korean
version of the Montreal Cognitive Assessment (MoCA-K),
Seoul Neuropsychological Screening Battery (SNSB),
European Organization for Research and Treatment of
Cancer Quality of Life Core Questionnaire C30 (EORTC-
QLQ-C30), and Hospital Anxiety and Depression Scale
(HADS) as secondary outcomes.

To evaluate objective cognitive function in CRCI
patients, we assessed MoCA-K and SNSB in all partici-
pants. Although it is known that objective neuropsychologi-
cal tests do not always correlate with subjective complaints,
objective outcomes are also important in detecting dam-
age in focal lesions. MoCA-K is a cognitive screening
instrument to detect MCI which assesses multiple cogni-
tive domains including memory, language, executive func-
tions, visuospatial skills, calculation, abstraction, attention,
concentration, and orientation.’® Additionally, MoCA-K is
recommended for those who are in the normal range on the
MMSE 3! The other neuropsychological battery used in our
study was the SNSB, which is also a standardized neuro-
psychological test battery widely used in Korea. The SNSB
is composed of comprehensive cognitive tests evaluating
the level of cognitive functioning and impairment of the fol-
lowing cognitive domains: attention, language and related
functions, visuospatial functions, memory, frontal/execu-
tive functions, and other indexes.* It is useful for compari-
son by domain and for finding changes in cognitive function
over time. In particular, it can sensitively evaluate early
cognitive decline and estimate the cause of cognitive
impairment by analyzing the pattern of cognitive decline.’
To provide such information about cognitive domains, it
contains a variety of subtests in each cognitive domain,
including all 3 recommendations of a core set of neuropsy-
chological tests by the International Cognition and Cancer
Task Force (ICCTF).3*

All participants were requested to answer the EORTC-
QLQ-C30 as a QoL measurement tool in CRCI patients.
The EORTC-QLQ-C30 is a 30-item cancer-specific ques-
tionnaire assessing the health-related QoL of cancer
patients. It comprises the QoL scale, 5 functional scales
(physical function, role, emotion, cognition, and social
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function), 3 symptom scales (fatigue, nausea/vomiting, and
pain) and scales for additional symptoms commonly
reported in cancer patients (dyspnea, sleep disturbance,
appetite loss, constipation, and diarrhea), and financial dif-
ficulties.>® This provides us with more detailed clinical
information that affects daily life. The HADS was used in
this study to assess psychological symptoms such as anxi-
ety and depression. The HADS is a simple and easy-to-use
questionnaire which was developed to identify anxiety and
depression among patients in non-psychiatric hospital clin-
ics. It is divided into an anxiety subscale (HADS-A) and a
depression subscale (HADS-D), both of which contain 7
items.>*¥7 As psychological problems are one of the major
factors affecting cognitive impairment, it is important to
evaluate the participants’ psychological symptoms through-
out the trial.3

Feasibility Outcomes

To test the feasibility of a clinical trial, we assessed the
recruitment, completion, and adherence rates. The recruit-
ment rate was defined as the ratio of the number of enrolled
subjects to the number of target sample sizes, and the num-
ber of enrolled subjects per screening participant was
reported together. The completion rate indicates the number
of participants who completed the trial without protocol
violations. Adherence rates were reported in 3 categories:
trial visit (number of visits out of a total of 18 visits), treat-
ment (the number of treatments completed out of a total of
16 treatments), and evaluation (the number of evaluations
completed out of a total of 3 evaluations excluding the base-
line evaluation of the primary outcome measure).

Safety Assessment

Safety was assessed in terms of vital signs (blood pressure,
pulse, body temperature), laboratory examinations (liver
function test, routine blood tests, and urine tests), and
adverse events (AEs). The vital signs and AEs were evalu-
ated at every visit, and laboratory tests were performed at
screening and at week 8.

Sample Size and Statistical Analyses

The sample size calculation was based on previous studies,
assuming the mean difference between FACT-Cog-PCI
before and after electroacupuncture treatment was 15,341
with an SD of 18.2.4! A total of 15 subjects were required,
with a power of 80% and a 2-sided significance level of 5%,
allowing a dropout rate of 20%.

All statistical analyses were performed by an indepen-
dent statistician using SAS® (version 9.4, SAS Institute,
Cary, North Carolina, USA). Continuous variables are pre-
sented as mean (95% confidence interval), and categorical

variables are reported as frequencies (percentages).
Statistical significance was accepted at a 2-sided test with
an a-level of .05. The missing values were handled using a
multiple imputation method. For efficacy outcome mea-
sures, Student’s paired 7-test was used.

Results

Study Participants and Baseline Characteristics

A total of 12 participants were assessed for eligibility, and
none were excluded from the study. All 12 subjects were
allocated to the treatment group and 10 completed the trial,
and the other 2 were dropped out due to the withdrawal of
consent inform (Figure 1). All enrolled 12 participants were
included in the analysis, both in the safety and full analysis
set (FAS).

The baseline characteristics of the participants are shown
in Table 2. Overall, 10 female and 2 male participants, with
an average age of 57.33 years were included in the trial. All
except 1 subject were non-smokers and non-alcoho drink-
ers, and the majority of participants answered that they
exercised more than 3 times a week.

Among the 12 participants, 8 were diagnosed with breast
cancer, 2 with thyroid cancer, 1 with colon cancer, and 1
with kidney cancer, with varied stages in each participants
from stage I to IV. All 12 subjects had undergone surgery
for cancer treatment, 9 had received chemotherapy, 3
received radiation therapy, and 6 received either hormonal
therapy or targeted therapy. The ECOG performance status
of all participants was recorded as 0, which means fully
active and able to perform all pre-disease performance
without restriction.*> All 12 patients had been diagnosed
with CRCI, and only one subject had previously been
treated for CRCI. The K-MMSE score of all participants
ranged from 27 to 30, with an average of 29.4

FACT-Cog

At baseline, the average score of FACT-Cog in all cancer
participants was found to be 81.17, and scored 45.67, 12.75,
12.75, 10.00 in each subscale of PCI, PCA, CFO, and IQL,
respectively. The baseline score of FACT-Cog was included
in the lowest quartiles, as the quartile cut-off values of
FACT-Cog were reported to be <121 points (lowest), 121
to 134 points, 134 to141 points, and >141 points (highest)
in a previous study.* In addition, the PCI subscale scored
an average of 45.67, exhibiting moderate to severe cogni-
tive problems.®

After treatment with electroacupuncture, the total FACT-
Cog increased from 81.17 points at baseline (week 0) to
93.70 after 4 weeks (P=.145), 90.04 after 8 weeks (P=.326),
and 101.14 after 12weeks (P=.058). As for our primary
outcome, the change in FACT-Cog between week 8 and
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[ Enrollment ]

Assessed for eligibility (n=12)

A 4

Excluded (n=0)

\ 4

[ Allocation ]

Allocated to intervention (n=12)
+ Received allocated intervention (n=12)
+ Did not receive allocated intervention (n=0)

[ Follow-Up ]

Lost to follow-up (n=2)

Discontinued intervention (n=2)

[ Analysis ]

Analysed (n=12)
+ Excluded from Safety analysis (n=0)
+ Excluded from FAS analysis (n=0)

Figure 1. Flow chart for the study subjects.

baseline was calculated as 8.87 points which was not a sig-
nificant difference, but exceeded the minimal clinically
important difference (MCID) of FACT-Cog. The previously
known MCID for FACT-Cog is 6.9 to 10.6 points, inter-
preted as an increase of 6.9 to 10.6 points in the FACT-Cog
score is the smallest meaningful self-reported cognitive
improvement.*® In addition, the change in FACT-Cog was
12.54 points after 4 weeks and 19.98 points after 12 weeks,
both of which also showed clinical improvements in cogni-
tive function in CRCI patients (Figure 2).

In the subscale analysis, the FACT-Cog-PCI score
improved by 45.67 at baseline to 59.33 after 12 weeks of treat-
ment, which demonstrated significant differences between
pre- and post-treatment of electroacupuncture (P=.0227).
The other subscales of FACT-Cog-PCA increased from 12.75
at baseline to 14.56 on week 12 (P=.531), FACT-Cog-IQL
increased by 10.00 to 13.11 (P=.115) and FACT-Cog-CFO

from 12.75 to 14.14 (P=.307), not showing significant differ-
ences after treatment.

MoCA-K

The average MoCA-K was 25.50 at baseline and increased
to 27.73, 28.40, and 28.90 after 4, 8, and 12 weeks, respec-
tively. Among the 7 subscales, it was found that the study
participants scored relatively low on abstraction and delayed
recall domains compared with healthy participants.*’

After electroacupuncture treatment, the total MoCA-K
score significantly increased at weeks 4, 8, and 12 (P=.0074,
.0010, .0003). Notably, the score on the delayed recall
section significantly increased at every evaluation visit,
beginning at a baseline score of 2.42 to 4.27 at week 4, 4.30
at week 8, and finally 4.40 at week 12 (P=.0007, .0002,
.0004, respectively). Other visuospatial and executive
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Table 2. Demographics and Baseline Characteristics.

Electroacupuncture group

Characteristic (n=12)

Gender (M/F)t

Age (year)*

Height (cm)*

Weight (kg)*

Smoking (yes/no)t

Drink (yes/no)t

Exercise (yes/no)t
Exercise frequency, n (%)

2 (16.7%)/10 (83.3%)
57.33 (52.40, 62.26)
160.43 (155.36, 165.49)
62.47 (56.57, 68.37)
| (8.3%)/11 (91.7%)
| (8.3%)/11 (91.7%)
11 (91.7%)/1 (8.3%)

None | (8.3%)
I-2 times/week | (8.3%)
3-4 times/week 5 (41.7%)
5-6 times/week 2 (16.7%)
7 times/week 3 (25%)

Education, year
Employment, n (%)

12.83 (11.19, 14.48)

Employed 2 (16.7%)

Unemployed 10 (83.3%)
Cancer type, n (%)

Thyroid 2 (16.7%)

Breast 8 (66.7%)

Colon | (8.3%)

Kidney | (8.3%)
Stage of disease, n (%)

Stage I 3 (25.0%)

Stage II 4 (33.3%)

Stage III | (8.3%)

Stage IV | (8.3%)

NED? 3 (25.0%)
Prior anticancer treatment, n (%)

Surgery 12 (100%)

Chemotherapy 9 (75%)

Radiotherapy 3 (25%)

Others (hormone therapy) 6 (50%)
ECOG performance status, n (%)

0 12 (100%)
Diagnosis of CRCI (yes /no) 12 (100%)/0 (0%)
K-MMSE 29 (28.25, 29.75)

Acupuncture Expectancy Score 13.67 (11.08, 16.26)

Abbreviations: ECOG, Eastern Cooperative Oncology Group; CRCI,
cancer-related cognitive impairment; K-MMSE, Korean Vision of Mini-
Mental State Exam.

®NED indicates no evidence of cancer at the time of study entry.
fFisher’s exact test.

#Student’s independent t-test.

sections also showed a significant increase at week 12, from
4.25 at baseline to 4.90 at week 12 (P=.0368). In the
abstraction section, the score also increased after elec-
troacupuncture treatment and ranked highest on week 8,
demonstrating significant differences compared with
baseline (P=.0368). For the other sections of naming,

attention, language, and orientation, most participants
answered all questions correctly on weeks 4, 8, or 12, and
on some of the time period, all subjects scored perfect, as
shown in Table 3.

SNSB

The study participants were evaluated using the SNSB sec-
ond edition at baseline, week 8, and week 12. At baseline,
we found that the participants had a slight decline in the
visuospatial and memory domains. After the participants
received treatment, they showed significant improvements
in memory and language and related functions, among the
domains of attention, language and related functions, visuo-
spatial functions, memory, frontal/executive functions, and
others. On the Boston Naming Test (BNT) which aims to
evaluate language and related functions, the participants
scored 51.70 on baseline, and consequently scored 53.90 on
week 8 and 54.90 on week 12, both showing significant
improvements (P=.0207, .0003) (Table 4). Additionally, on
the Seoul Verbal Learning Test (SVLT) and Rey Complex
Figure Test (RCFT) for immediate recall, delayed recall,
and recognition, all scores significantly increased after elec-
troacupuncture treatment for either 8 or 12weeks. In the
other domains, the scores were within the normal range at
baseline and increased after electroacupuncture treat-
ment, although there were no significant improvements.
Moreover, after electroacupuncture treatment, the Short-
Geriatric Depression Scale (SGDS), a tool for assessing the
symptoms of depression, had shown a decrease by 3.20 at
baseline to 1.5 on week 8 and 1.3week 12, although not
significant.

EORTC-QLQ-C30

To assess the QoL of CRCI participants, the EORTC-
QLQ-C30 was evaluated at baseline, week 4, 8, and 12. The
EORTC-QLQ-C30 is divided into 3 sections: QoL scale,
functional scale, and symptom scale. At baseline, the study
participants showed relatively better functions on most of
the scales when compared with the results previously
reported for cancer patients in Korea.?® It was found that the
cognitive function was the only scale which had shown
lower scores than previous studies, demonstrating that the
major complaint affecting the whole QoL of the study par-
ticipants was the decline of cognitive function.

After treatment, the QoL score increased from 55.56 at
baseline to 61.56 on week 4, 67.58 on week 8, and 66.45 on
week 12, indicating significant differences at week 8
(P=.0076) (Table 5). The other functional and symptom
scales also improved after treatment with electroacupunc-
ture, although both scale differences were non-significant.
In the subtest analysis, there was a significant improvement
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Figure 2. The total score and subscale of FACT-Cog at baseline (week 0), week 4, 8, and 12. All values are mean * SE.

*Mean statistical significance within-group.

in appetite loss after 12 weeks of electroacupuncture treat-
ment (P=.0333) (Supplemental Data).

HADS

The study participants scored 4.75 and 5.42 in HADS-A and
HADS-D respectively at baseline, both of which were under
the anxiety and depression diagnostic criteria of 9 and 7.
After 4, 8, and 12weeks of treatment, the score slightly
decreased to 4.65 and 4.99, indicating that the symptoms
were well maintained throughout 12weeks of the trial
period (Table 6).

Feasibility Outcomes

Feasibility evaluations were performed at trial completion
to aid in the design of further confirmatory studies. The
recruitment rate was calculated as 0.8, as 12 participants
were assessed for eligibility compared to the targeted sam-
ple size of 15. All 12 screened participants were enrolled in
the trial, with no screening failures. The completion rate of
this study was 0.83, owing to the 2 dropouts. Finally, the
adherence rates of the trial visit, treatment, and evaluation
were recorded as 0.84, 0.84, and 0.86, respectively. Over
80% of the subjects visited every planned visit, adminis-
tered planned treatment, and complied with the planned
evaluations. Overall, the recruitment, completion, and

adherence rates achieved successful results as the ratio
exceeded 0.8 (Table 7).

Credibility Assessment

The credibility of the electroacupuncture treatment increased
after 8 weeks of treatment compared to baseline. The study
participants answered more positively after electroacupunc-
ture treatment for the following 4 topics: expectation effec-
tiveness, logicality of treatment, recommendation intention,
and chance of success. Notably, the biggest difference in
scores was revealed in whether to recommend electroacu-
puncture to others (Figure 3).

Safety Assessment

A total of 19 AEs were observed during the trial period.
The most common AE reported in this study was upper
respiratory infection, involving 8 cases among 19 AEs.
Other symptoms include dyspepsia, anorexia, enterocolitis,
fatigue, insomnia, headache, and skin rash. None of the
patients had serious AEs, and all were reported as mild or
moderate. All except 1 event was considered irrelevant to
the intervention, and 1 case with a complaint of headache,
determined as moderate degree, was decided to be possibly
related to intervention by investigators as an expected AE
when treated with electroacupuncture. All reported AEs
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Table 5. EORTC-QLQ-C30 in electroacupuncture group at baseline, week 4, 8, and 2.

QOL scale Functional scale Symptom scale
EORTC-QLQ-C30 Mean (95% ClI) P-value Mean (95% ClI) P-value Mean (95% ClI) P-value
Baseline 55.56 (44.42, 66.69) 70.00 (62.49, 77.51) 21.15 (13.80, 28.51)
Week 4 61.56 (50.51, 72.60) 2185 77.24 (65.01, 89.47) 2799 19.70 (3.67, 35.72) .8592
Week 8 67.58 (58.92, 76.25) .0076 79.39 (62.22, 96.56) .2849 17.50 (0.00, 44.22) .7865
Week 12 66.45 (46.17, 86.73) .3062 76.41 (42.80, 100.0) .6969 17.41 (0.00, 44.90) .7847

Bold values mean statistical significance within-group.

Abbreviations: EORTC-QLQ-C30, European Organization for Research and Treatment of Cancer Quality of Life Core Questionnaire C30; QOL,

quality of life.

Table 6. The Score of HADS in Electroacupuncture Group at Baseline, week 4, 8, and 12.

HADS-A (anxiety)

HADS-D (depression)

HADS Mean (95% ClI) P-value Mean (95% ClI) P-value
Baseline 4.75 (3.24, 6.26) 5.42 (3.74,7.10)
Week 4 4.93 (3.20, 6.65) .7834 5.40 (3.24, 7.55) 9729
Week 8 4.50 (3.03, 5.96) .5244 4.37 (2.46, 6.29) 1635
Week 12 4.65 (2.96, 6.33) .8592 4.99 (3.39, 6.60) .5013
Abbreviation: HADS, Hospital Anxiety and Depression Scale.
Table 7. Feasibility Outcome.
Adherence rate
Recruitment Completion

rate rate Trial Treatment Evaluation

Ratio 0.8 0.83 0.84 0.84 0.86

disappeared during the study period, and there were no sig-
nificant differences in vital signs and laboratory examina-
tions throughout the trial.

Discussion

CRCI is a significant problem for cancer patients, as the
number of cancer survivors experiencing cognitive impair-
ment is increasing in the absence of standard treatment to
manage CRCI. It has been previously acknowledged that
chemotherapy induces cognitive impairments, which are
also known as chemobrain or chemofog; however, numer-
ous longitudinal studies have suggested that cancer itself
and other cancer treatments such as surgery, radiotherapy,
targeted therapy, hormonotherapy, and immunotherapy pro-
mote biological processes associated with neurological
deficits, although the definite mechanism and progression
are largely unknown.*® Nevertheless, some biological fac-
tors known to contribute to the development of CRCI are
inflammation, neurotoxicity, the hypothalamic-pituitary-
adrenal axis, and genetic polymorphisms.*’ To target these
diverse factors, a variety of pharmacologic and non-
pharmacologic interventions have been studied to manage

cognitive alterations,® and studies using acupuncture and
electroacupuncture have also been conducted to reveal its
effectiveness.!31°

Acupuncture has long been shown to be effective in vari-
ous systems and symptoms by activating neurophysiologi-
cal effects and modulating the immune system, metabolism,
and the gastrointestinal system.>® In addition, acupuncture
and electroacupuncture have shown improvements in cog-
nitive function in Alzheimer’s disease by enhancing cho-
linergic neurotransmission and trophic factor release,
protecting cerebral neurons from apoptosis and oxidative
stress, improving synaptic plasticity, and reducing the lev-
els of abnormal proteins.’! Based on these previous results,
we hypothesized that acupuncture and electroacupuncture
can improve cognitive function in cancer patients by
enhancing neurophysiological pathways and immune func-
tions. As there are no electroacupuncture studies performed
before with CRCI, we conducted a feasibility study to
investigate the number of participants, outcome measures,
and intervention period for further confirmatory studies.

In this study, a total of 12 participants were included, and
10 completed the trial. Both subjective and objective out-
comes of cognitive function, QoL, and psychological
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factors were measured for all participants at baseline, week
4, 8, and 12. Based on our study results at baseline, we
found that our study participants included in this trial had a
moderate to severe degree of perceived cognitive impair-
ments on subjective outcomes and borderline cognitive
functions on neuropsychological tests. Consistent with the
results of previous studies, our study results also confirmed
that subjective complaints are more severe than objective
cognitive tests in CRCI patients.>? The scores of the PCI
subscale were found to be much lower than the inclusion
criteria of 63 and the cut-off value of 60, indicating that the
cognitive complaints they suffer are above a moderate
degree.?* On evaluation of the objective test, the average
MoCA-K score was slightly below the cut-off value for
cognitive impairments, and the MMSE-K score was within
the normal range. These results explain that our CRCI
patients had borderline or normal cognitive function when
measured by neuropsychological tests.

Additionally, participants showed a decline, especially
in memory function, among the various cognitive domains.
Loss of memory often makes it difficult to track dates or
events, resulting in patients asking repeated questions, and
relying on reminder notes or electrical devices as memory
aids, thereby limiting their daily activities. Moreover,
memory deficit is a key component in the characterization
of MCI and is a strong predictor of the progression of
Alzheimer’s disease.’® In previous studies with CRCI
patients, some reported that memory loss is the most com-
monly observed cognitive domain, while others have
reported nonspecific patterns of impairment.® In this con-
text, the presence of a decline in memory in our study dem-
onstrates results similar to those of some studies with CRCI
and studies with MCI. Thus, it is important to follow up on
their cognitive impairments to predict disease progression.
In terms of QoL and psychological problems of our study
participants, subjects were shown to have a relatively good

QoL and had no particular psychological symptoms. Only
the QoL related to cognitive function was at a low level
compared with other CRCI patients, and fortunately none of
our participants had problems with anxiety or depression.

After 8 weeks of electroacupuncture treatment, we found
significant improvements in both subjective and objective
outcomes of cognitive function compared to baseline.
Diverse cognitive outcomes, including FACT-Cog (PCI),
EORTC-QLQ-C30 (QoL), MoCA-K, BNT, SVLT, and
RCFT, were revealed to have significant changes compared
to the baseline either on week 8 or 12. The FACT-Cog and
EORTC-QLQ-C30 are self-report questionnaires which
represent subjective impairments of cognitive domain and
QoL,?3 while MoCA-K, BNT, SVLR, and RCFT are
objective neuropsychological tests for evaluating attention,
memory, executive, and visuospatial functions.>

The primary outcome measure, FACT-Cog, is the most
widely used validated patient-report outcome (PRO) to
assess cognitive complaints in cancer patients.** By using
patients’ self-report outcomes, we can detect subtle declines
in cognitive function better than neuropsychological
testing.> In our study, electroacupuncture showed signifi-
cant improvements on the FACT-Cog-PCI subscale, and no
significant change was found in the total score of the FACT-
Cog. However, the change in total FACT-Cog score between
baseline and weeks 4, 8, and 12 exceeded the MCID, dem-
onstrating its clinical effectiveness in cognitive complaints
for cancer patients. Additionally, it is worthwhile to find
significant differences in the PCI subscale in that PCI is
reported to be the most recommended and preferred out-
come among the 4 subscales of FACT-Cog.>* Many
researchers recently identified that PCI relates more to
other clinical features such as depression and anxiety than
PCA or other subscales®® and PCI is also being used to iden-
tify and diagnose CRCI by developing and validating cut-
off points of FACT-Cog-PCIL.**

In the QoL outcome measure of EORTC-QLQ-C30,
electroacupuncture showed significant changes in the QoL
scale and, unfortunately, not in functional and symptom
scales. In the subscale analysis, significant improvements
were found in the appetite loss scale after 12 weeks. In other
subscales, we found minimal important differences on
physical, role, cognitive, and social functions, and on symp-
toms of dyspnea and constipation.”” Although significant
differences were not observed in the total score of func-
tional and symptom scales, most of the subscales on the
functional scale were revealed to have more improvements
than MCID in cognitive difficulties after treatment with
electroacupuncture. In other words, the overall QoL and
symptoms attributed to cancer were well-maintained during
the trial, as participants showed good QoL from the base-
line. Thus, we can conclude that electroacupuncture can
have potential effects in improving the QoL and functional
well-being of cancer patients with cognitive impairment.
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Among the objective neuropsychological tests measured
in our study, MoCA-K, BNT, SVLT, and RCFT showed sta-
tistically significant improvement after electroacupuncture
treatment. Significant differences in the total score of
MoCA-K compared with the baseline could be observed
immediately from week 4, and it gradually improved over
time, scoring the highest point 0of 28.90 on week 12. Among
the domains in the MoCA-K, electroacupuncture showed
the greatest improvement in the delayed recall section, fol-
lowed by the visuospatial/executive and abstraction
domains, indicating that electroacupuncture has the greatest
effectiveness in enhancing memory among diverse cogni-
tive functions. SVLT and RCFT are neuropsychological
tests for verbal and visuospatial memory, respectively, both
of which consist of immediate recall test, delayed recall test
after 20 minutes, and recognition test. Electroacupuncture
had significantly improved in all 3 of these tests on both
SVLT and RCFT, indicating its effectiveness in overall
encoding, storage, and retrieval processes of memory
performance.’® However, in the RCFT-copy test which was
performed to assess visuospatial function, the copy-score
and time did not show significant differences after 8 and
12 weeks. Based on these results, we can also expect that
electroacupuncture may be more effective in memory pro-
gression than visuospatial function. Lastly, the BNT test for
language and related functions showed significant increases
after 8 and 12 weeks. Similar results could also be found in
the language domain on MoCA-K, as the score of the lan-
guage domain increased from 2.83 at baseline to 3.0 at
week 8 and 12, although the difference was not statistically
significant. These results support the evidence that elec-
troacupuncture may be helpful for language-related cogni-
tive functions. Taken together with our neuropsychological
test results, we can conclude that electroacupuncture is
effective primarily in improving the memory domain and
language-related functions.

Overall, in this study, we found the effectiveness of
electroacupuncture for CRCI in subjective cognitive mea-
surements and objective neuropsychological tests was
mostly due to enhancing the progression of memory. Cancer
survivors report both objective and subjective cognitive
impairments that range from mild to moderate depending
on the type of cancer, stage, and treatment. However, neuro-
psychological tests that provide objective assessments do
not always correlate highly with subjective cognitive com-
plaints, as psychological factors such as anxiety, depres-
sion, fatigue, or insomnia affect their discomforts.' In our
study, we found significant improvements in objective neu-
ropsychological tests as well as subjective outcomes,
although we cannot determine whether all of the subjective
and objective outcomes evaluated in this study correlate
with each other. These results may be due to the baseline
characteristic that our study participants did not suffer from
psychological problems such as anxiety and depression.

Despite the many difficulties in finding effectiveness in
objective outcomes for CRCI patients, it is worthwhile to
have revealed significant improvements in neuropsycho-
logical tests on MoCA-K, BNT, SVLT, and RCFT, as well
as subjective complaints. We expect our study results to be
valuable in planning future large-scale clinical trials.

As this study is a preliminary trial for confirmatory
study, the major goal of this study was to investigate the
feasibility of trial design, outcome measures, and calcula-
tion of sample size for further confirmatory clinical trials.
To determine the feasibility of clinical trials for electroacu-
puncture, we measured recruitment, completion, and adher-
ence rates, and all 3 outcomes resulted in more than 80%
success. Based on these results, we can presume that the
overall study design, including inclusion/exclusion criteria,
intervention period, visit window, and follow-up period
were appropriate for the CRCI participants, and we believe
that this trial design can be applied to our next clinical trial.

Despite these successful feasibility results, there are
some limitations that we have to complement and revise for
our next electroacupuncture clinical trial. First, we have to
consider that the study was prematurely terminated as it was
difficult to enroll eligible participants, and finally recruited
12 subjects in approximately 9months. Taking this into
account, it is necessary to set a sufficient recruitment period
and appropriate number of subjects for the next trial.
Second, the cancer type, treatment, and stages of our study
participants varied, although most were breast cancer
patients. For more delicate and standardized clinical trials
to detect effect size and mechanism, it will be better to
include specific types of cancer patients, with typical stages
or those treated with specific chemotherapy. Third, the out-
come measure should be supplemented to detect our inter-
vention and disease conditions best and to gather more
information about biomarkers or brain images. Although
FACT-Cog is the most commonly used PRO in CRCI, the
subscale PCI in FACT-Cog can also be considered as a sec-
ondary outcome, as it represents the cognitive complaints
well and even better than the total score of FACT-Cog. It is
also important to use a suitable battery of neuropsychologi-
cal tests and self-reporting tools in balance. As we evalu-
ated the SNSB, 3 measures should be included as essential
as the ICCTF recommends to least include the following in
assessing cognitive function in cancer patients: the Hopkins
Verbal Learning Test-Revised, Trail Making Test, and the
Controlled Oral Word Association. However, as the SNSB
takes over an hour to complete the evaluation, we can also
use a short version of SNSB for participants’ convenience
and compliance. In addition, biomarkers and brain images
canalso be used as secondary outcome measures. Biomarkers
representing inflammatory status, neurobiological status,
and genetic polymorphisms have been investigated recently,
although the results are still conflicting.>® The most reliable
biological factors related to CRCI were TNF-a, IL-1j,
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IL-2, IL-10, IL-6, and IL-8°¢! and neurological markers
detected during cancer treatments include N-acetylaspartate
(NAA)/choline (Cho) and NAA/myo-inositol (myo-I)
ratios.®? Genetic factors such as APOE-4 (rs429358,
1s7412), IL-1R1 (rs2287047,1s949963), COMT (rs4680,
1s165599),% and BDNF (rs6265)% have been explored in
many studies. These biomarkers will help to understand the
mechanisms of electroacupuncture on CRCI, whether it
relates with the protection of cerebral neurons or regulation
of metabolism or BDNF. Moreover, brain images are usu-
ally used to determine changes in brain volume, activity,
and metabolism in CRCI patients.®’” Recent studies have
reported that chemotherapy reduced the volume or density
of gray matter and white matter microstructure, and altered
brain activation.®® In our next study, we will consider the
use of these biomarkers and neuroimaging measures as an
additional outcome to better understand the possible mech-
anisms of CRCI. Lastly, our study has limitations as it is a
single group, before-after study with a small sample size.
We did not compare the intervention and comparison
groups, such as the usual care group or the sham group. As
our study is a small study, there are limitations in interpret-
ing the effects of electroacupuncture in CRCI and our study
results only provide clinical data before and after elec-
troacupuncture treatment. Thus, it is more vulnerable to
bias than randomized controlled trials, and the results of
this study should be used in consideration of these biases.

Nonetheless, our study revealed the safety and effective-
ness of electroacupuncture on CRCIs and confirmed the
feasibility of the trial design. This trial has valuable find-
ings in designing our next large-scale prospective clinical
trial to confirm the efficacy of electroacupuncture in CRCI.
Various clinical outcomes of patient-report complaints,
neuropsychological tests, QoL, and psychological problems
obtained from our study will be used as the basis for design-
ing our next trial. More importantly, we found the value of
electroacupuncture in CRCI patients for both subjective and
objective measures with a good level of patient satisfaction.
Thus, with the application of electroacupuncture in cogni-
tive deficits, a well-designed protocol is needed to confirm
its effectiveness.

Conclusion

Our study demonstrated the feasibility of an electroacu-
puncture clinical trial with successful recruitment, comple-
tion, and adherence rates. After 8 weeks of treatment,
electroacupuncture significantly improved the subjective
cognitive outcomes of the FACT-Cog (PCI scale), EORTC-
QLQ-C30 (QoL scale), and objective neuropsychological
tests of MoCA-K, BNT, SVLT, and RCFT. These feasibility
trial results will be used as preliminary data for future ran-
domized controlled clinical trials to evaluate the safety and
efficacy of electroacupuncture for CRCI.
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