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Abstract

Background: Breast cancer is one of the most common cancers and a major cause of death in women worldwide.
Chemotherapy is mainly used to treat and control the progression of breast cancer. Leukopenia is the most common side
effect of chemotherapy which may decrease immune function and further lead to serious fatal infections. The purpose
of this study was to evaluate the effect of acupuncture on regulating hematopoietic function in chemotherapy-induced
leukopenia among patients with breast cancer. Methods: PubMed, Embase, Cochrane Library, CINAHL Plus, Web of
Science, and Chinese articles in the Airiti Library and China National Knowledge Infrastructure (CNKI) databases were
searched to August 2021 for papers to include in a systematic review and meta-analysis. A random-effects model was
applied. The effect size was calculated by Hedges’ g. Heterogeneity was determined using Cochran’s Q test. Moderator
analyses were performed to examine potential sources of heterogeneity. A trial sequential analysis (TSA) was conducted
to determine whether the current sample size was sufficient. Results: Ten randomized controlled trials involving 650
participants were eligible for inclusion. Analysis by the random-effects model showed a significant effect by acupuncture
of ameliorating leukopenia during chemotherapy. Levels of white blood cells (WBCs) were increased (Hedges’ g=0.70,
P<.001, I>=34%), neutrophil counts (Hedges’ g=0.80, P<.001, I*=0%) were significantly enhanced. Moreover, regardless
of the manner through which acupuncture was applied, overall values of WBCs increased. Conclusions: The current
meta-analysis supports acupuncture possibly ameliorating chemotherapy-induced leukopenia, as WBC and neutrophil
values significantly increased after acupuncture in patients undergoing chemotherapy. Additionally, regardless of the type of
acupuncture, values of WBCs increased. These findings are actionable and support both the clinical use of acupuncture to
relieve chemotherapy-induced leukopenia and further research regarding the use of acupuncture in patients experiencing
immunosuppression when undergoing chemotherapy.
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patients are treated with moderate to high toxicity chemo-
therapy, including doxorubicin/epirubicin, paclitaxel/
docetaxel, and cyclophosphamide with or without 5-fluoro-

Background

Breast cancer is one of the most common cancers and a

major cause of death in women worldwide. Chemotherapy
is the most effective therapeutic approach for treating can-
cer. It is administered as adjuvant or neoadjuvant therapy
for early-stage breast cancer and is also administered for
palliative purposes for metastatic breast cancer.! Many

uracil. Although it is an effective way to manage cancer
cells, it is also harmful to the hematopoietic system.'?
Previous clinical trials demonstrated that taxane and
cyclophosphamide, 2 chemotherapeutic drugs, are the main
regimens for breast cancer. They can cause bone marrow
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suppression (leukopenia, thrombocytopenia, and anemia)'*
and severe immunosuppression, which may lead to serious
and fatal infections, including respiratory infections and
sepsis.*

Once leukopenia occurs, treatment schedules should be
interrupted and the treatment course may even be discontin-
ued. In the clinic, granulocyte colony-stimulating factor
(G-CSF) is the most common administered to reduce the
risks of leukopenic complications associated with chemo-
therapy.® However, it can result in many problems, such as
aching in the bones and muscles, dyspnea, chest pain, nau-
sea, hypoxemia, anaphylaxis, syncope, and flushing.®” And
also, the G-CSF injection is conditional only for patients
with a white blood cell (WBC) count of <1000/uL or an
absolute neutrophil count (ANC) of <500/uL.® Therefore,
using a subcutaneous injection of G-CSF to prevent or
treat chemotherapy-induced leukopenia cannot benefit all
oncologic patients.

With regard to G-CSF, there are some other therapeutic
approaches toward improving chemotherapy-induced leu-
kopenia, such as mistletoe extracts,” Chinese herbal medi-
cine decoctions (Sijunzi Tang),'® chamomile,!! Wenshen
Shengbai decoction with moxibustion'? and also acupunc-
ture. Furthermore, acupuncture is the most commonly used
as a complementary therapy in patients with leukopenia
during chemotherapy.'?

Acupuncture is a traditional Chinese medicine (TCM)
based approach for treating a wide variety of symptoms by
triggering specific acupoints on the skin with needles,
which has been observed to alleviate adverse effects of sur-
gery or chemotherapy for cancer patients, including postop-
erative arm lymphedema,'* chemotherapy-induced nausea
and vomiting,!>!® and chemotherapy-induced peripheral
neuropathy'”!'® and leukopenia.'®? It is strongly suggested
to provide a comprehensive review of the effect of acupunc-
ture in relieving chemotherapy-induced leukopenia in
patients with breast cancer. Nevertheless, as of today, there
was only one systematic review focused on the breast can-
cer population for acupoint stimulation-managed treatment-
related side-effects in breast cancer,?' although there are
published academic studies evaluating the association
between acupoint injection/acupuncture and chemotherapy
related complications in patients with lung cancer regard-
less of the tumor type.'>'*?? There has been no systematic

review with a meta-analysis study that has evaluated the
association between the effects of acupuncture and chemo-
therapy-induced hematopoietic suppression in patients with
breast cancer so far. Therefore, the purpose of this system-
atic review with a meta-analysis was to evaluate the effects
of acupuncture on chemotherapy-induced hematopoietic
suppression in patients with breast cancer, including
changes in blood counts, and further, to use a trial sequen-
tial analysis (TSA) to determine whether the sample size is
sufficient in the current study.

Methods

This review and meta-analysis were performed accord-
ing to the PRISMA (Preferred Reporting Items for
Systematic Reviews and Meta-Analyses) statement
guidelines. This review was registered with PROSPERO
(International Prospective Register of Systematic
Reviews: CRD42020215759).

Literature Sources and Search Strategy

Studies were identified by a comprehensive literature search
of the following electronic databases up to August 2021:
PubMed, Embase, Cochrane Library, CINAHL Plus, Web
of Science, and Chinese articles in the Airiti Library and
China National Knowledge Infrastructure (CNKI). The
search was restricted to human populations, and only in the
English or Chinese language, and there was no time restric-
tion on publications. We also reviewed references, govern-
ment publications, and recommendations from the included
studies.

The strategy combined or separated Medical Subject
Heading (MeSH) terms and all fields of white blood cell,
bone marrow suppression, breast cancer and acupuncture.
The detailed search strategy for PubMed is shown in
Supplemental Table 1.

Inclusion Criteria

All RCTs in English or Chinese were included without a
time restriction. Participants of any race or gender and
who were at least 18 years old with a diagnosis of breast
cancer at any stage and under chemotherapy were included.
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Interventions of studies which evaluated any type of inva-
sive (with/without electrical stimulation) or non-invasive
acupuncture (moxibustion) were included. A study had to
include a hematopoietic outcome indicator such as WBCs.

Exclusion Criteria

Observational, cohort, and case-control studies, case
reports, qualitative studies, non-RCTs, review articles, and
laboratory (animal) studies were excluded. Also, studies
with participants with a disease of the hematopoietic system
or immune deficiency, or with participants duplicated from
other included studies were excluded.

Data Extraction and Quality Assessment

Two investigators (Y.W.S. and J.Y.S.) independently identi-
fied titles and abstracts of articles obtained using the above
described search strategy and extracted the general charac-
teristics of eligible studies. Discrepancies were resolved by
discussion with a third investigator (H.T.T.).

Studies for further review were selected on the basis of
the following inclusion criteria: (1) humans who had been
diagnosed with breast cancer at any stage and were under-
going chemotherapy; (2) with an RCT study design; (3)
studies that used acupoint stimulation as the intervention,
such as, acupuncture, moxibustion, which are invasive or
non-invasive interventions; and (4) studies that investigated
regulation of hematopoietic indicator, for example WBCs.

Evaluation of the methodological quality of the included
studies was based on the Cochrane risk of bias tool (RoB).?
The following elements in trials were assessed: random
sequence generation, allocation concealment, blinding of
participants and staff, blinding of outcome assessments,
incomplete outcome data, selective reporting and other
sources of bias. The tool ranks evidence from research stud-
ies as having “high,” “low,” or “unclear” levels of bias. The
rank of high risk of bias is interpreted as bias that may affect
the research results dramatically; for low risk of bias, the
bias does not affect the research results dramatically; for
unclear of bias, there is insufficient information to assess
whether an important risk of bias exists.?* This assessment
tool also is appropriate for the evaluation of the method-
ological quality of RCTs.?*?* Two investigators (Y.W.S and
J. Y. S.) independently extracted data from the studies
(Table 1), and any disagreements were resolved by discus-
sion or consultation with a third independent reviewer
(H.T.T)).

Statistical Analysis

Two-sided P values were calculated, with P <<.05 set as the
level of statistical significance. First, pre- to post-test
changes in scores were derived for the intervention group
and control group from each included study.?* Then, the

effect size for the difference between the intervention and
control groups was calculated for each study. Hedges’ g was
used as the effect size index using the formula: g=d(1—(3/
(4(n, + n,)—9))).2* Results are expressed as the effect size
(Hedges’ g) with the 95% confidence interval (CI). A
Hedges’ g value of 0.2 to 0.4 represents a small effect size,
0.5 to 0.7 a moderate effect size, and =0.8 a large effect
size.”® A random-effects model was chosen because all
included study characteristics differed: stage of cancer, dif-
ferent cancers, type of acupuncture (manual acupuncture or
electro-acupuncture), theoretical principles of acupuncture
points selected (fixed or unfixed points), total treatment
dose (min), and the quality of the study.

Heterogeneity was determined using Cochran’s Q test,
with statistical significance at P<0.1, and the I statistic
was used to determine the proportion of total variance in the
pooled effect size that was caused by heterogeneity among
studies. An I value of 0% indicates no heterogeneity, 25%
low heterogeneity, 50% moderate heterogeneity, and =75%
high heterogeneity.?®

Moderator analyses were performed to examine poten-
tial sources of heterogeneity. Once heterogeneity was
detected, subgroup analyses and meta-regression analyses
were conducted to determine the possible influences of cer-
tain effects.”* Evaluation of publication bias using funnel
plots was performed if the number of studies more than
10.27 Comprehensive Meta-analysis (CMA) vers. 3.0 was
used for all statistical analyses.

TSA is a methodology in which the evidence required is
quantified, providing a value for the required information
size. We applied a TSA to determine whether the sample
size was sufficient to detect the specific effect, which can
only be calculated using three or more trials. TSA was per-
formed at the level of an overall 5% risk of a type I error and
with 80% power. In the TSA, if the cumulative Z curve
entered the futility area or crossed the trial sequential moni-
toring boundary, the anticipated intervention effect might
reach a sufficient level of evidence, and further trials would
not need to be included in the current meta-analysis.?® We
calculated the required information size based on the mean
difference and variance in change of blood cell count
levels. The TSA was conducted using TSA vers. 0.9 beta
software.

Results

Study Selection

In total, 73 studies were identified from an initial search, and
additional records identified initial searches other sources
(n=3), 10 duplicate articles were excluded. Records were
screened for 66 articles, and a further 15 articles were excluded
due to the following reasons: conference or editorial (n=2),
animal/cell studies (n=4), meta-analyses or reviews (n=9). In
total, there were 51 studies remaining for full manuscript
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Figure |. PRISMA flow diagram of the review process.

review, of which 41 studies were excluded due to the follow-
ing reasons: different target population (n=17), study proto-
cols (n=2), non-relevant outcomes (n=21), non-RCT study

design (n=1). Finally, ten studies®**® were included for fur-

ther qualitative and quantitative analyses. The PRISMA flow
diagram of the review process is presented in Figure 1.
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Table 2. Risk of Methodological Bias of the Included Studies.

Random sequence Allocation

Study generation concealment

Blinding of participants Blinding of outcome Incomplete outcome Selective Other
and personnel

assessment data addressed reporting  bias

—
—

Beith et al?’
Hu and Zhao®'
Jietal®

Li36
Lueta
Liu®
Meng and Lii*®
Shi¥?

Xie et al*
Zhu et al*?

|34

rmrrrrrrrrHr
I Irrrrrr I
I T I I IIrrcIr

CmrICCcCcCcCcrrrCr
rm—IrrrcrIrrr
rIrmrIrrr Ir
IIr-rIIIIrIIT

Abbreviations: L, low risk; H, high risk; U, unclear risk of bias.

Characteristics of the Included Studies

All 10 of the included studies were conducted with a ran-
domized control design, with a total of 650 participants
(intervention, n=328; control, n=322). The populations
among the included studies were all breast cancer with a
wide variety of chemotherapeutic regimens. Papers were
published between 2012 and 2019. Most were carried out in
China®*-38; only one took place in Australia.?® The interven-
tions used different types of acupuncture, including 2 trials
with manual acupuncture, 2 trials with electroacupuncture,
2 with acupoint catgut embedding, and 4 moxibustion.
Characteristics of the included studies are presented in
Table 1.

Methodological Quality Assessment

The methodological quality of the selected studies is
reported in Table 2. All included studies reported random
sequence generation. Three studies®'** reported neither the
procedure for allocation concealment nor blinding of par-
ticipants and personnel in the research, so they presented a
high risk of bias. For the item of blinding of the outcome
assessment, four?333638 were classified as having low risk,
and one had high risk. In terms of how the studies addressed
incomplete outcome data, 8 studies?3>3® were classified
as having low risk with reported rates of follow-up and
withdrawal, and the remaining 2 had high risk. Seven
studies??30-32:3436-38 had a low risk of selective reporting.
And also, 2 studies®”*® had low risk of bias with respect to
other sources of bias.

The Effect of Acupuncture on Relieving
Hematopoietic-Suppression Outcomes

The overall effect sizes of the ten studies were significant
for acupuncture improving WBCs and neutrophils when

patients were undergoing chemotherapy. The overall effect
size was Hedges’ g of 0.68, P<.001, and ’=34% for
increased WBCs by acupuncture (Figure 2). The overall
effect size for increased neutrophils was Hedges’ g of 0.80,
P <.001, *=0% by acupuncture (Figure 3).

Subgroup Analyses

In this study, subgroup analyses were performed on differ-
ent types of acupuncture. Mixed effects showed 0=2.99,
P=.08. This indicated that regardless of the various types of
acupuncture, overall WBCs were increased. Data are shown
in Figure 4.

Publication Bias

Publication bias did not exist for the WBC models. Egger’s
test showed that the ¢ value was 1.78, P=.11. Egger’s
regression test results are shown in Figure 5.

Trial sequential analysis (TSA)

The TSA was used to determine whether the sample size
was sufficient to detect a specific effect, which could only
be calculated by 3 or more trials. We examined the effects
of WBCs and acupuncture in 8 trials**3335-38 to determine
the sufficiency of the sample size. With an a value of 5%
(two-sided) and 3 of 20%, a cumulative z-curve (blue) was
constructed using a random-effects model. The required
information size of WBC levels was calculated to be 456,
the z-curve crossed both the conventional and trial sequen-
tial monitoring boundaries, and the required information size
was achieved; thus, there was sufficient evidence to reach a
conclusion with no need for additional trials (Figure 6). To
our knowledge the TSA of acupuncture on chemotherapy-
induced leukopenia was applied for the first time, strength-
ening the conclusions achieved.
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Model Study name Outcome Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
['] error Variance limit limit Z-Value p-Value
Bethetal, 2012 WBC 0.984 0378 0143 0243 1725 2603 0.009 ——
Hu et al, 2016 WBC 0.516 0.259 0067 0009 1024 1993 0.046 ——
Jietal, 2021 waC 0.561 0211 0045 0148 0975 2660 0.008 ——
Li, 2019 WBC 0.311 0.241 0058  -0.163 0.784 1.287 0.198 ——
Luetal, 2018 WBC 0.679 0.262 0.069 0165 1193 2588 0.010 ——
Liv, 2019 WBC 0.574 0.203 0041 0476  0.971 2831 0.005 ——
Meng &Lu, 2012 WBC 0.765 0.296 0088 0185 1345 2584 0.010 ——
Shi, 2019 WBC 0.482 0.263 0069  -0.03¢ 0997 1.830 0.067 ——
Xie etal, 2017 WBC 1.487 033 0113 0829 2145 4427 0.000 ——l—
Zhu etal, 2016 WBC 1128 0.242 0058 0654 1602 4665 0.000 —i—
Fixed 0.687 0.081 0.007 0.528 0.845 8.471 0.000 <
Random 0.704 0.102 0010 0504  0.904 6.89 0.000 <>
-2.00 -1.00 0.00 1.00 2.00
Control benefical Experimental benefical
Figure 2. Forest plot of the overall effect sizes for studies measuring white blood cell (WBC) counts and acupuncture.
Q=13.83, P=.12, I*=34%. Fixed-effects Hedges’ g=0.68, P<.001. Random-effects Hedges’ g=0.70, p <.001.
Model Study name Qutcome Statistics for each study Hedges's g and 95% CI
Hedges's Standard Lower Upper
[} error Variance limit limit Z-Value p-Value
Bethetal, 2012 Neutrophil 0.984 0.378 0143 0243 1.725 2603 0.009
Hu et al, 2016 Neutrophil 0.556 0.260 0.068  0.047 1.065 2.140 0.032
shi, 2019 Neutrophil 0.882 0.272 0074 0349 1.415 3243 0.001
Xie etal, 2017 Neutrophil 0.962 0.313 0098 0348 1.577 307 0.002
Fixed 0.809 0.148 002 0519 1.100 5.462 0.000
Random 0.809 0.148 002 0519 1.100 5.462 0.000
-2.00 -1.00 0.00 1.00 2.00
Control benefical Experi tal benefical

Figure 3. Forest plot of the overall effect sizes for studies measuring Neutrophil counts and acupuncture.
Q=1.47, P=.68, [>=0%. Fixed-effects Hedges’ g=0.80, P<.001. Random-effects Hedges’ g=.80, P<.00I.

Discussion

This meta-analysis of ten RCTs revealed a significant effect
of acupuncture on the numbers of WBCs, which could ame-
liorate chemotherapy-induced hematopoietic suppression-
related leukopenia in patients with breast cancer who were
undergoing chemotherapy. In addition, regardless of the
various types of acupuncture, overall WBCs increased.
Leukopenia often occurs in breast cancer patients who
are treated with anthracyclines combined with taxane regi-
mens, which is the primary regimen for breast cancer, thus
the degree of leukopenia during chemotherapy is important
because it is correlated with a reduction in resistance to

infections, particularly in breast cancer.*?° As the current
meta-analysis revealed, the value of WBCs could be
improved by acupuncture during chemotherapy in breast
cancer patients. This result is consistent with a pilot RCT by
Pais et al,** who investigated the effects of acupuncture on
the immune system. All participants were randomized into
acupuncture or control groups, and participants in the acu-
puncture group received 6 sessions of acupuncture point
stimulation, twice a week, beginning a week prior to a cycle
of chemotherapy and ending at the second cycle of chemo-
therapy. As their results indicated, the effects on WBCs, the
ANC, and NK cells showed statistically significant increases
overall compared to the non-acupuncture group (P=.036,
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Statistics for each study

Model  Study name Group b; Outcome
‘Subgroup within study
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Figure 4. Mixed-effects model for different types of acupuncture.
Mixed-effect: Q=2.99, P=.08.
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Figure 5. Funnel plot for assessing publication bias.
Egger’s test showed that the t value was 1.78, P=.11.

P=.046, and P<.0001, respectively).** Additionally, our
result was similar to a pilot RCT conducted by Lu et al,? in
which 21 gynecologic malignancy patients undergoing che-
motherapy were randomly assigned to an acupuncture or
sham acupuncture group (sham needle sites were inserted
away from standard TCM acupuncture points). The out-
come measures on WBC values were significantly higher
(P=.04) than the sham group after 6 interventions.?’
Neutrophils are a type of white blood cell that is very
important to defense and against infection. In breast cancer
chemotherapy regimens, a drop in neutrophil blood levels
typically occurs when the body uses immune cells faster
than it produces them, or when the bone marrow is sup-
pressed after chemotherapy treatment.® As our results indi-
cated, the levels of neutrophil were increased by acupuncture
significantly during chemotherapy. This finding was con-
sistent with a systematic literature review that evaluated 67

relevant papers, claiming that total leukocytes were
increased 43% by acupuncture with a population of leuko-
penic patients after chemotherapy.*!' In this review articles,
the most measured outcome representative were used total
leukocytes, followed by lymphocytes and neutrophils; in
addition, 2 relevant papers showed neutrophils were
enhanced after the intervention of acupuncture or elec-
troacupuncture.*>* Another RCT conducted by Beith et al?’
also supported our results, in which 32 breast cancer patients
were randomly assigned to true electroacupuncture or sham
electroacupuncture while they receiving chemotherapy.
There was a statistically significant increase in neutrophil
counts compare to the sham electroacupuncture group at
week 6 (median 3.55 X 10°/L vs. 1.90 X 10°/L, P=.01).
Our subgroup analysis was conducted with different
types of acupuncture and the rise in WBC levels, which
showed that regardless of the mode of application of acu-
puncture, overall leukocytes increased (mixed-effects
model: 0=2.99, P=.08). In our study, the type of acupunc-
ture included invasive, such as, acupuncture, electroacu-
puncture, catgut; and non-invasive such as moxibustion.
Traditional Chinese acupuncture methods include a variety
modalities. The principle of acupuncture (invasive/non-
invasive) is through acupoint stimulation-increased cyto-
kines and neurochemicals released.®?! In addition, acupoint
stimulation enhances the antitumor efficacy on breast can-
cer by regulating the microvascular system and immuno-
suppression.*® The clinical effects of acupoint stimulation
may be attributable to enhancing immunity, relieving bone
marrow suppression, and producing an antioxidant effect.?!
Moxibustion could attenuate inflammatory impairment and
have an anti-inflammatory effect.?® Moreover, there is an
effect of acupuncture-moxibustion on preventing bone



Shih et al 9
Required information size is a Two-sided graph
Cumulative
Z-Score
/ Required mfom}anox\ size = 456
3
6
g3
eE 47
5
3 t—————a Z-cuve
29 //_/"“ 4
—— N
T 7
439 Number of
- patients
(Linear scaled)
2 - 3 *
-3-]
5
E5
= 8
-6
8- ¢

Figure 6. Trial sequential analysis of the effects of white blood cell (WBC) counts and acupuncture.

marrow suppression and recovering the leukocyte count
after chemotherapy.®® These effects have been proposed as
potential mechanisms by which acupoint stimulation
appears to improve leukopenia.’®3%4 Another RCT also
confirmed the previous statement. Shih et al® found that
there was a significant interactive effect between acupoint
stimulation and time to increasing blood levels of stem cell
factor (SCF). The SCF is a mediating cytokine, which can
stimulate growth and differentiation of prognostic cells,
viz., the common myeloid progenitor and common lym-
phoid progenitor, and then produce mature blood cell com-
ponents of granulocytes, lymphocytes, megakaryocytes,
and erythrocytes.® This possibly implies acupoints stimu-
late efficacy of activity of cytokines-SCF and following the
stimulation of blood cells produce, for example, neutrophils
and WBCs.

The subgroup analyses were performed on different
types of acupuncture, resulting in significant effects: regard-
less of the various modes of acupuncture, WBCs were
increased overall. Our result was similar to a previous meta-
analysis conducted by Chen et al'* which pooled 31 studies
and showed that various modes of acupuncture (acupoint
needle insertion, acupoint injection, plaster application, and

moxibustion) could ameliorate chemotherapy-induced bone
marrow suppression (preventing reductions in Hb, platelets,
and WBCs) through immunomodulation of cancer patients
undergoing chemotherapy. A comprehensive systematic
review by Chao et al?! also scrutinized 26 studies to confirm
that acupoint stimulation by any modality could manage
adverse events related to treating breast cancer patients,
which also showed that chemotherapy-induced leukopenia
could be relieved through any type of stimulation of
acupoints.

Limitations and Recommendations

Previous studies presented cytokines indicators for hemato-
poiesis, such as SCF, GM-CSF, and G-CSF.®?° Some schol-
arly research indicated that possible mechanism for
acupuncture relieving chemotherapy-induced leukopenia
include that acupuncture might enhance SCF and G-CSF,
which would have the potential to relieve chemotherapy-
induced myelosuppression.>® However, these hematopoi-
etic cytokines mentioned above could not be demonstrated
in this study to further clarify the relationship between regu-
lation of hematopoietic cytokines and acupuncture due to
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the limited number of studies included. Additionally, the
included studies mostly were all carried out in China, with
only one taking place in Australia. There were high percent-
ages of included studies with high risk for blinding of
participants, and unclear descriptions of the blinding of out-
come assessments, which were considered risks of perfor-
mance bias and detection bias. However, in treatment trials,
the blinding of participants is hard to implement.

Given the unclear methodological quality of the included
studies, our results should be replicated in additional high
quality research. More-rigorous trials should pay attention
to quality issues noted in the quality assessment, in particu-
lar blinding of outcome assessments.

Conclusions

This is the first systematic review and meta-analysis to
evaluate the effect of acupuncture on chemotherapy-
induced hematopoietic suppression in patients with breast
cancer. To our knowledge, the TSA of acupuncture on che-
motherapy-induced leukopenia was applied for the first
time to strengthen the conclusions achieved. The current
meta-analysis with updated evidences supports acupunc-
ture possibly ameliorating chemotherapy-induced leuko-
penia, since WBC and neutrophil values significantly
increased after acupuncture in breast cancer patients under-
going chemotherapy. Additionally, regardless of the type of
acupuncture used, values of WBCs increased. These novel
findings are actionable and support both the clinical use of
acupuncture to relieve chemotherapy-induced leukopenia
and further research regarding the use of acupuncture in
patients experiencing immunosuppression when undergo-
ing chemotherapy.
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