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Abstract

Purpose Psychoneurological (PN) symptoms, such as anxiety, cognitive impairment, depression, fatigue, sleep disturbances, and
pain, are highly prevalent in breast cancer patients undergoing cancer treatment. Emerging evidence suggests that genetic
polymorphisms may contribute to differential symptom susceptibility. We aimed to systematically review associations between
genetic polymorphisms and PN symptoms during or after cancer treatment for early-stage breast cancer.

Methods Twenty-six eligible articles published until October 2017 were identified in PubMed, PsycINFO, Web of Science, and
additional records. Information on study characteristics, genetic polymorphisms, and PN symptoms was extracted. Study quality
was evaluated by the STrengthening the REporting of Genetic Association (STREGA) guideline. Genes included in the analysis
were categorized by biological pathways based on the Reactome database.

Results A total of 54 single nucleotide polymorphisms and haplotypes that are significantly associated with PN symptoms were
identified; half of them were associated with increased severity of PN symptoms, while the other half contributed to the decrease
of PN symptoms. Pain has the known highest number of associated genetic polymorphisms reported, followed by fatigue,
cognitive impairment, depressive symptoms, sleep disturbances, and anxiety. The majority of genetic polymorphisms were
involved in immune system and neuronal system pathways. Most studies were unsuccessful in meeting the STREGA guideline,
which requires transparent reporting of methods and results.

Conclusions This review provides comprehensive evidence of genetic polymorphisms underlying PN symptoms, which may
pave the way for the development of personalized therapeutics targeting these symptoms. More well-designed genome-wide
association studies are required to validate and replicate these findings.

Keywords Breastcancer - Psychoneurological symptoms - Genetic polymorphism - Single nucleotide polymorphism - Systematic
review

Introduction younger age than other common cancers in the USA [36].

While the overall rate of breast cancer survivorship has im-
Breast cancer remains the second leading cause of cancer  proved in the past decades due to early detection and advanced
deaths among women, and it has a higher diagnosis rate ata  treatment [3], some breast cancer patients experience
distressing symptoms that may have a negative impact on
quality of life and functional status, partially due to cancer
treatment [11]. Breast cancer patients during or after cancer
treatment often report multiple symptoms, such as anxiety,
cognitive impairment, depressive symptoms, fatigue, sleep

) ) ) ) ) disturbances, and/or pain, collectively described as
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USA breast cancer patients, PN symptoms refer to a set of behav-
ioral and emotional symptoms that are relevant to psycholog-
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26], and sleep disturbances, pain, depressive symptoms, and
cognitive dysfunction (e.g., problems with memory, psycho-
motor speed, reaction time, complex attention, and/or cogni-
tive flexibility) are also commonly experienced in 56-73% of
breast cancer patients [5, 26].

A previous review found that each PN symptom may share
common biological signaling pathways, such as pro-
inflammatory cytokines, hypothalamic-pituitary-adrenal
(HPA)-axis system alterations, and monoamine neurotrans-
mission (e.g., 5S-HT system and noradrenergic system) [20].
For example, HPA-axis functioning alterations may cause de-
pressive symptoms, fatigue, and sleep disturbances, and
monoamine neurotransmitter system changes are associated
with depressive symptoms, cognitive impairment, fatigue,
and sleep disturbances. However, it should be noted that these
findings were derived from patients with either a heteroge-
neous group of cancers or non-cancer populations and not
patients with breast cancer [20]. Emerging evidence suggests
that genetic factors may make certain individuals more sus-
ceptible to PN symptoms [4, 45]; thus, understanding genetic
components, such as single nucleotide polymorphisms (SNPs)
that are single-base variations in DNA structure, can provide
greater insight into PN symptoms in breast cancer patients
receiving treatment. SNPs have been studied in order to iden-
tify associations with symptom phenotypes. By comparing the
frequencies of rare alleles among patients with the symptom
phenotype to patients without the symptom phenotype or
healthy controls, the proportion of the phenotypic variance
that is explained by the genetic variation can be determined
[51]. The identification of genetic polymorphisms associated
with PN symptoms may lead to a deeper understanding of the
underlying molecular pathways and thereby pave the way for
the development of novel therapies targeting these symptoms.

Genetic polymorphisms specific to PN symptoms in breast
cancer have been studied over the past several years. However, to
our knowledge, there have been no systematic reviews compre-
hensively evaluating the association between genetic polymor-
phisms and PN symptoms in breast cancer patients. In this re-
view, we aimed to analyze the literature and provide evidence of
genetic polymorphisms associated with anxiety, cognitive im-
pairment, depressive symptoms, fatigue, pain, and sleep distur-
bances during or after cancer treatment for women with early-
stage breast cancer. Findings may reveal the genetic markers that
can be used to develop personalized therapeutics for addressing
PN symptoms in breast cancer patients.

Methods
Search strategy

This systematic review was performed based on the Preferred
Reporting Items for Systematic Reviews and Meta-Analyses
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(PRISMA) guideline [27]. Records that were published until
October 2017 were retrieved from the PubMed, PsycINFO,
and Web of Science databases. Additional sources were also
identified through a manual search of citations in original
publications and Google Scholar. The keywords “Genes,”
“Genetic variant,” “Genetic variation,” “Single nucleotide
polymorphism,” “SNP,” and “Genetic polymorphism” were
combined with “Psychoneurological symptoms,” “Pain,”
“Discomfort,” “Fatigue,” “Lethargy,” “Exhaust,”
“Weakness,” “Frailty,” “Tiredness,” “Depression,”
“Distress,” “Sadness,” “Mood disturbance,” “Depressive
symptoms,” “Emotional distress,” “Psychosocial stress,”
“Anxiety,” “Fear,” “Sleep disturbance,” “Sleep,”
“Memory,” “Cognitive dysfunction,” “Neurocognition,”
“Cognitive impairment,” and “Cognitive dysfunction,” as
well as “Breast cancer,” “Breast neoplasm,” and “Breast
tumor” for the search. Two authors (G.Y. and S.K.) indepen-
dently screened records, compared the results, and discussed
discrepancies to obtain consensus at each step based on the
criteria of study selection. Eligible studies were sorted de-
pending on types of PN symptoms: anxiety, cognitive impair-
ment, depressive symptoms, fatigue, pain, and sleep distur-
bances (Fig. 1).

Inclusion and exclusion criteria of study selection

Breast cancer patients who underwent (adjuvant) chemothera-
py, radiation therapy, and/or surgery (e.g., mastectomy, lump-
ectomy) were included, whereas women with metastatic breast
cancer, Alzheimer’s disease, dementia, psychosis, and/or pe-
ripheral neurotoxicity were excluded. Any comparator such as
baseline, healthy group, or control group who reported none or
less PN symptoms was included. The outcomes of interest were
genetic polymorphisms associated with PN symptoms in breast
cancer patients receiving treatment. Only significant genetic
polymorphisms that were statistically associated with PN
symptoms were included in the analysis because most studies
tested a large number of candidate genetic polymorphisms.
Studies were included if they (1) reported frequencies of geno-
types and alleles; (2) were designed as cohort, case-control, or
cross-sectional trials; and (3) were published in peer-reviewed
journals in the English language. Case reports, conference/
dissertation abstracts, qualitative studies, systematic literature
reviews, meta-analyses, animal model studies, and in vitro ex-
periments were excluded. Publication dates were not limited.

Data extraction

The information for evaluating study characteristics included
author, year, study design, research question/aim, location
where the study was conducted, sample size for genotyping,
age, duration of follow-up, focused cancer treatment, gene of
interest, associated symptoms, symptom assessment tool,
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genotyping methods/platform, and biological specimens used
(e.g., blood, saliva). To collect genetic polymorphism infor-
mation, gene, reference SNP cluster ID (SNP rsID), nucleotide
change (i.e., replacement with another nucleotide, a single
DNA building block, such as adenine, guanine, cytosine,
and thymine, in a particular stretch of DNA), functional con-
sequence, associations with symptom phenotypes, and path-
ways were considered.

Assessment of methodological quality

To assess study design, methods, and reporting results of ge-
netic association studies, the methodological quality of each
study was evaluated based on the STrengthening the
REporting of Genetic Association (STREGA) guideline [29].
It consists of five main categories (i.e., genotyping methods
and errors, population stratification, haplotype variation,
Hardy-Weinberg equilibrium, replication), and the first cate-
gory includes five items (i.e., genotyping platform, error and
call rates, genotyping in batches, centers/laboratories of
genotyping, the numbers of individuals of successful genotyp-
ing). Therefore, a total of nine items were evaluated. Two

reviewers independently assessed the study quality and
discussed results to reach the consensus (G.Y. and S.K.). To
compare the study quality, a total score was calculated by
assigning one point to each item, with the higher score indi-
cating the better genetic study quality (range 0-9).

Categorization of genes per biological pathway

Genes included in the analysis were divided into seven main
biological pathway categories based on the Reactome data-
base (www.reactome.org), which provides peer-reviewed in-
terpretation and analysis of pathway knowledge to genome
analysis and basic research. The pathway categorization of
genes was visually depicted as a Venn diagram in Fig. 2.

Results

Literature search

The systematic search yielded a total of 493 titles from data-
bases and additional sources and 58 potential studies after an

Additional records identified
through other sources
(n=3)

A4

Records after duplicates removed

(n=444) .
386 records were excluded as following
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+ Irrelevant topics (n=309)

+ Animal model or in vitro study (n=15)
v - Review (n=39)
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title/abstract

- Poster/dissertation abstract (n=23)

(n=>58) 26 full-text articles were excluded as
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abstract and title review. Finally, 26 studies were obtained by
excluding studies of irrelevant populations and study designs,
unexpected predictors and outcomes, and review papers and
abstracts (Fig. 1).

Study characteristics

Breast cancer patients undergoing cancer treatment were
assessed to identify genetic polymorphisms that may predis-
pose patients to develop PN symptoms, including anxiety,
cognitive impairment, depressive symptoms, fatigue, pain,
and sleep disturbances (Table 1). In a total of 26 studies, 17
were cohort study designs and nine were cross-sectional study
designs. Thirteen cohort studies completed follow-ups of can-
didate SNP genotypes and PN symptoms at 6 months after
initiating cancer treatment. Studies were conducted in a vari-
ety of geographical locations, including the USA, Italy, China,
South Korea, Singapore, Finland, Spain, and Belgium. The
average age of participants ranged from 48 to 64 years.
Approximately 83% of patients who completed question-
naires of symptoms at baseline also accepted genotyping at
follow-up. In each study, clinical outcome measures of PN
symptoms were assessed by self-reported questionnaires that
had high reliability and validity (detailed information in
Table 1). Blood and saliva samples were collected from par-
ticipants for extracting DNA, and genotyping was carried out
through various methods and platforms, such as hybridization
(e.g., Sanger sequencing), primer extension-ligation (e.g.,

Fig. 2 Biological pathways of
genes that are significantly
associated with
psychoneurological symptoms in
breast cancer patients. Gene
pathways are categorized into
signal transduction, transport of
small molecules, immune system,
neuronal system, metabolism,
gene expression, and muscle
contraction based on Reactome
database (Www.reactome.org)

Transport of small
molecules

APOE, SLC6A2
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Golden Gate, improved multiplex ligase detection reaction
(iMLDR)), primer extension (e.g., iPLEX, MassARRAY), po-
lymerase chain reaction (PCR) (e.g., TaqMan, capillary elec-
trophoresis, KASPar), and restriction fragment length poly-
morphism assays.

Study quality assessment

Most of the selected studies met five of the nine items of the
STREGA guideline. No one study reported on all nine items;
however, Kober et al. [23] reported seven items except for
descriptions of where the genotyping was done and whether
the assays were conducted simultaneously or in batch. On the
contrary, Bower et al. [4] stated only two items, including
genotyping methods/platform and statement of whether
Hardy-Weinberg equilibrium was considered. Only one study
provided information on whether genotyping was conducted
simultaneously or in smaller batches [12]. The majority of the
studies reported genotyping methods and platform, modeling
haplotype variation, and Hardy-Weinberg equilibrium
(Table 2).

Genetic polymorphisms underlying
psychoneurological symptoms

Genetic polymorphisms that were significantly associated
with PN symptoms are described below. Detailed information
on SNP rsID, nucleotide change, functional consequence,

Signal transduction

BDNF, ADRB2,
GALR1, NPY1R,
NTRK2

IL6

Immune system Neuronal system

TNF, TNFA, IL10, IL13,
IL1R1, IL1R2, IL1B,
IFNGR1, NOS1, OPG,

Muscle
contraction

SERT, SLC6A4,
KCNA1, KCND2, | KCNK9
KCNJ3, KCNJ6

CXCRS8, NFKB2
Metabolism
COMT, FAAH, Gene
GCH1,CYP3A4, (VDR . ocsion
CYP17A1,

CYP19A1, CYP27B1
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associations with symptom phenotypes, cancer treatment
type, biological pathway, and the references are shown in
Table 3.

Anxiety

Two studies evaluated genetic associations underlying anxiety
[34, 44]. The majority of participants underwent tumor sur-
gery. The polymorphism in tumor necrosis factor-o« (TNFA)
(rs1799964) showed a decreased chance of higher anxiety,
whereas another polymorphism in 7NFA (rs3093662) was as-
sociated with an increased risk of higher anxiety [34]. Given
that the functional activity of the 5-hydroxytryptaimine trans-
porter gene-linked polymorphic region (5-HTTLPR) differs
depending on the combination of short (S) and long (L) al-
leles, women carrying S/L or L/L alleles in 5-HTTLPR exhib-
ited decreased levels of anxiety compared to women with S/S
alleles [44].

Cognitive impairment

Six studies investigated genetic polymorphisms that may pre-
dict cognitive impairment [7, 24, 31, 37, 39, 47]. The majority
of patients received adjuvant chemotherapy or conventional
chemotherapy, and some patients underwent tumor surgery in
one study conducted by Merriman et al. [31]. Findings indi-
cated that the catechol-O-methyltransferase (COMT), apolipo-
protein E (APOE), interleukin-1 receptor 1 (/LIR]), and brain-
derived neurotrophic factor (BDNF) genes were significantly
associated with cognitive function. Cheng et al. [7] found that
COMT polymorphism (rs165599) was correlated with im-
paired retrospective memory in patients receiving doxorubi-
cin, paclitaxel, cyclophosphamide, or fluorouracil. On the
contrary, Small et al. [47] reported that the COMT polymor-
phism (rs4680 [Val158Met]) improved cognitive function; Val
carriers exhibited worse cognitive performance in aspects of
attention, verbal fluency, and motor speed compared to Val/
Met or Met/Met carriers. In the study of Koleck et al. [24],
functional polymorphisms in APOE (1s429358, rs7412) may
contribute to poorer performance on tasks of executive func-
tion, attention, verbal learning and memory, and visual learn-
ing and memory following chemotherapy and/or hormonal
therapy (e.g., anastrozole). In addition, polymorphisms in
ILIRI were associated with altered cognitive function.
Patients homozygous or heterozygous for the rare A allele
(ILIRI 1s949963 [G>A]) were more likely to be detrimental
to attentional function, while those possessing one or more
rare A alleles in ILIRI (rs2287047 [G>A]) showed better
perceived cognitive function [31, 37]. In another study inves-
tigating the role of BDNF polymorphism (rs6265 [ Val66Met])
in breast cancer patients receiving anthracycline- or taxane-
based regimens, the Met/Met genotype showed significantly
lower odds of developing cognitive impairment, and patients

@ Springer

with the Met/Met or Met/Val genotypes performed better in
verbal fluency and multitasking ability compared to those with
the Val/Val genotype [39].

Depressive symptoms

Four studies examined genetic associations underlying de-
pressive symptoms [12, 21, 22, 43]. The majority of partici-
pants who underwent breast cancer surgery reported depres-
sive symptoms. Polymorphisms in BDNF (rs6265
[Val66Met]) and several inflammatory cytokine genes were
found to influence the development and severity of depressive
symptoms. The BDNF Met/Met genotype showed apparent
depressive symptoms compared to the Val/Val genotype [12,
21]. Saad et al. [43] concluded that polymorphisms in /L6
(rs2069840) and interferon-gamma receptor 1 (INFGRI)
(rs9376268) increased the possibility of having depressive
symptoms; possession of one or two rare alleles was associat-
ed with a 3.06- and 1.87-fold increase in the odds of belonging
to the subsyndromal group rather than the resilient group,
respectively. On the contrary, the polymorphism in 7NFA
(rs1799964) decreased the chance of depressive symptoms;
carrying two rare alleles was associated with an 87% decrease
in the odds of belonging to the subsyndromal group rather
than the resilient group [43]. In addition, the polymorphism
in ILIB -511 (rs16944) was significantly associated with a
9.5-fold increase in the odds of persistent depression [22].

Fatigue

Six studies examined the role of genetic polymorphisms un-
derlying fatigue [4, 9, 14, 15, 23, 52]. In the study of Collado-
Hidalgo et al. [9], the C/C or C/T genotypes for ILIB -511
(rs16944) were substantially greater among fatigued partici-
pants than among non-fatigued, and the C/C (rare allele) or G/
G (common allele) genotypes for IL6 -174 (rs1800795) were
approximately twofold greater representation in the fatigued
breast cancer participants compared to the non-fatigued con-
trols. Kober et al. [23] found that patients with the polymor-
phism in /LIB -511 (rs16944) were approximately three times
more likely to experience higher fatigue, while patients with
the polymorphism in /10 (rs3024496) were 34% less likely
to experience higher fatigue. Furthermore, polymorphisms in
IL6 -174 (rs1800795) and TNF -308 (rs1800629) were linked
to decreased fatigue, such that women homozygous for com-
mon alleles of /L6 -174 and TNF -308 reported significant
elevated fatigue [4]. Eshragh et al. [14] identified that patients
carrying at least one rare allele for beta-2-adrenergic receptor
(ADRB?2) (1s1042718), COMT (1s9332377), BDNF (rs6265),
CYP3A4 (rs4646437), GTP cyclohydrolase 1 (GCHI)
(rs3783642), nitric oxide synthase 1 (NOSI) (rs9658498),
and 5-HTTLPR plus polymorphism in soluble-like carrier
family 6 member 4-GABA transporter (SLC6A4) (rs25531)
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exhibited significantly lower odds of presenting higher fa-
tigue. On the contrary, polymorphisms in galanin receptor 1
(GALRI) (rs949060), NOS1 (1s2293052), and SLC6A2
(rs17841327) showed 2.46-, 4.58-, and 10.31-fold higher
odds of presenting higher fatigue, respectively [14]. Patients
carrying polymorphisms in neuropeptide Y receptor Y1
(NPYIR) haplotype A04 (159764, rs7687423) exhibited a
1.77-fold higher likelihood of reporting higher fatigue per
each additional dose of the haplotype [14]. A SNP in COMT
(rs4680) was positively correlated with fatigue; patients with
the Met/Met or Val/Met genotypes reported higher fatigue
scores compared to those with the Val/Val genotype [15]. In
addition, the possession of two rare alleles of NTRK2
(rs1212171) was significantly associated with greater
fatigue-related interference in their daily functioning [52].

Pain

Nine studies examined genetic polymorphisms associated
with pain [6, 15, 17, 19, 25, 28, 49, 50, 52]. The majority of
participants underwent tumor surgery, and some participants
received adjuvant chemotherapy (e.g., aromatase inhibitors)
in two studies [17, 28]. Three studies investigated the role of
COMT polymorphisms, which diminish COMT activity and
increase sensitivity to pain [19, 30]. Patients with the Met/Val
or Met/Met genotypes in COMT (rs4680) reported greater
intensity of neck pain than those with Val/Val genotype, and
patients carrying the Met/Met genotype in COMT (rs4680)
showed greater pressure pain hypersensitivity in the C5-C6
zygapophyseal joint and deltoid muscle compared to those
carrying the Val/Met or Val/Val genotypes [15]. Similarly,
patients homozygous for the rare allele in COMT (rs4680)
experienced more pain-related interference in functioning dur-
ing cancer treatment, and those homozygous for the rare allele
in COMT (1s4818) were also associated with greater pain in-
terference and perceived severity after surgery and chemother-
apy [52]. On the contrary, two SNPs in COMT (rs887200,
rs165774) decreased pain sensitivity; homozygous rare alleles
for COMT were significantly associated with less heat pain
intensity (rs165774) and less cold pain intensity (rs887200)
[19]. The polymorphism in fatty acid amide hydrolase (FAAH)
(rs324420), which regulates endocannabinoid degradation, al-
so contributed to the decrease in experimental cold pain and
postoperative pain [6]. For polymorphisms in potassium
voltage-gated channel subfamily A member 1 (KCNAI)
(rs4766311), potassium voltage-gated channel subfamily J
member 3 (KCNJ3) (rs12995382), KCNJ3 haplotype A2
(rs3111020, rs11895478), and potassium voltage-gated chan-
nel subfamily K member 9 (KCNKY) (rs2545424), patients
who were homozygous or heterozygous for the rare alleles
exhibited decreased odds of belonging to the mild pain or
severe pain group rather than the no pain group. On the con-
trary, for polymorphisms in KCND2 (rs1072198), KCNJ3

(rs17641121), KCNJ6 (rs858003, rs2835925), and KCNK9
(rs2545457, 1s2014712), patients homozygous or heterozygous
for the rare allele had an increased likelihood of belonging to
the mild pain or severe pain group rather than the no pain group
[25]. Notably, cytokine gene polymorphisms also contributed
to the development of persistent pain. Patients homozygous for
the rare allele in the ILIR2 (rs11674594) showed a 36.1-fold
increased chance to develop severe breast pain [49], while pa-
tients homozygous or heterozygous for the rare allele in /210
haplotype A8, IL6 (1s2069840), C-X-C motif chemokine li-
gand 8 (CXCLS) (rs4073), and TNF (rs1800610) decreased
the odds of belonging to the pain group by 79%, 79%, 60%,
and 63%, respectively [50]. Lastly, polymorphisms in cyto-
chrome P450 family 17 subfamily A polypeptide 1
(CYP17Al), CYP19A1, CYP27BI1, vitamin D receptor (VDR),
and osteoprotegerin (OPG) genes were significantly associated
with worsening pain or incremented pain sensitivity [17, 28].

Sleep disturbances

Two studies investigated genetic polymorphisms underly-
ing sleep disturbances in breast cancer patients [1, 52].
Polymorphisms in /L3 (rs1800925) and /IL/R2 Hap A2
(rs1167595, rs7570441) increased sleep disturbances,
whereas the polymorphism in NFKB2 (rs1056890) de-
creased the possibility of the disorder [1]. Patients who
possess at least one rare allele for /L/R2 Hap A2 or ILI3
(rs1800925) were 2.08 or 2.21 times more likely to expe-
rience high sustained sleep disturbances; however, those
who carry one or two of the rare alleles for NFKB2
(rs1056890) were 0.47 times less likely to experience
sleep disturbances. In addition, individuals with the het-
erozygous rare allele in neurotrophic receptor tyrosine ki-
nase 2 (NTRK?2) (rs1212171) reported moderate sleep dis-
turbances, and patients with the homozygous rare allele
presented the highest level of sleep disturbances following
surgery and chemotherapy [52].

Biological pathways of genes associated with PN
symptoms

The majority of genes were included in the immune system,
metabolism, signal transduction, and neuronal system path-
ways. Inflammatory pathway genes were frequently investi-
gated for identifying SNPs in all types of symptoms. The
signal transduction pathway genes (e.g., BDNF, ADRB,
GALRI, NPYIR, and NTRK?2) were found to have associa-
tions with fatigue. In particular, BDNF polymorphisms were
tested for various PN symptoms [12, 14, 21, 39]. The metab-
olism pathway genes (e.g., COMT, GCHI, FAAH, VDR,
CYP3A4, CYPI7A1, CYP19A1, and CYP27BI) turned out to
be associated with fatigue and pain. COMT polymorphisms
were most frequently analyzed across seven studies to explore
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its association with fatigue, pain, and cognitive impairment.
The neuronal system pathway genes (e.g., SERT, SLC6A4,
KCNA1, KCND2, KCNJ3, and KCN.J6) were associated with
anxiety or pain.

Discussion

This review was the first to synthesize studies examining as-
sociations between genetic polymorphisms and PN symptoms
in breast cancer patients receiving cancer treatment. In addi-
tion, we evaluated the quality and rigor of each study by
checking whether key information that should be included in
the reporting of genetic association studies was provided. A
total of 54 SNPs and haplotypes that are significantly associ-
ated with PN symptoms were identified. Half of them were
associated with increased severity of PN symptoms, and the
others contributed to the decrease of PN symptoms, with the
lowest odds ratio (OR) being 0.11 (KCNJ3 haplotype A2) and
the highest OR being 36.07 (JLIR2 rs11674595) for pain.
Notably, pain has the known highest number of associated
genetic polymorphisms reported, followed by fatigue, cogni-
tive impairment, depressive symptoms, sleep disturbances,
and anxiety. The majority of genetic polymorphisms included
were involved in immune system and neuronal system path-
ways. A few polymorphisms in BDNF, COMT, and IL6 genes
were frequently tested in multiple studies, and some studies
explored the role of novel genetic polymorphisms (e.g.,
FAAH) in relation to PN symptoms.

Polymorphisms in inflammatory cytokine genes were most
frequently studied across all PN symptoms, and findings indi-
cated that inflammatory pathway genes may play a major role
in the development of PN symptoms in breast cancer patients
receiving cancer treatment. Gilbertson-White et al. [18] sug-
gested that the cytokine-induced sickness behavior model
may explain the effect of cytokine genes on distressing symp-
toms in cancer patients. Due to an infection or administration
of chemotherapy agents triggering an inflammatory response,
individuals experience physiologic changes and the associated
cluster of distressing symptoms, called sickness behavior [10,
13]. Most common symptoms reported by cancer patients are
known to result from changes in levels of pro- and anti-
inflammatory cytokines [32, 46]. Reyes-Gibby et al. [42]
found that immune-response genes, such as ENOS, ILIB,
and TNFR2, were predictive for the symptom cluster of pain,
depressed mood, and fatigue in lung cancer patients. Recently,
Miaskowski et al. [33] demonstrated that the severity of
mood-cognitive symptom cluster was associated with poly-
morphisms in CXCLS, IL13, and NFKB?2, and the severity of
the treatment-related symptom cluster was associated with
ILIRI, IL6, and NFKBI, indicating that the most common
symptom clusters in oncology patients are correlated with
polymorphisms in genes involved in inflammatory processes.

@ Springer

Following inflammatory pathway genes, metabolism pathway
genes, such as COMT, FAAH, GCHI, CYP3A4, CYPI7Al,
CYP19A1, and CYP27BI, are mainly responsible for the de-
velopment and severity of PN symptoms, specifically pain.
These genes are known to regulate pain sensitivity and
nociception as well as opioid metabolism [2, 38, 40]. More
studies are required to investigate whether these genes have
potential roles as prognostic biomarkers of pain in patients
with breast cancer treatment and whether other metabolism
pathway genes may have similar actions on pain.

In genetic association studies, the reporting of methods and
results is important to assess internal and external validity of
study design because genotyping errors can frequently occur
while sample processing and analysis are carried out. Poor
equipment precision or failure, human error in sample handling
and conduct of the array or handling the data obtained from the
array, or biochemical artifacts may lead to biased genotyping
results [41]. In this review, only four studies reported the place
where the genotyping was complete, which may be related to
human and equipment errors, and one study described whether
genotyping occurred simultaneously or in smaller batches. The
STREGA guideline underscores the description of whether ge-
notypes are assigned using all of the data simultaneously or in
smaller batches because genotyping in batches may introduce
an undesirable batch effect into an analysis (e.g., differences in
DNA storage, collection, or processing protocols) [8, 35].

In this analysis, the majority of studies were sufficiently
powered to detect associations. The average sample size in
22 studies was above 300, and approximately 87% of patients
consented to genotyping. It is considered adequate to general-
ize results of the association between SNPs and PN symp-
toms. However, results of four studies that examined genotyp-
ing with less than 100 participants should be interpreted cau-
tiously [9, 37, 44, 52]. In particular, rare genotypes, such as
NTRK?2, in a small group may not have validated inferences
about associations with symptom outcomes [52]. The conclu-
sions derived may require confirmation by larger studies.

Although the meta-analysis result was not reported as main
findings, the overall pooled OR of 46 SNPs that are associated
with the development of PN symptoms was not significant
(OR =0.964, 95% CI=0.731-1.272, P=.798) in 14 studies,
indicating there was no tendency of decreasing or increasing
the presence or severity of PN symptoms. Twenty-two SNPs
may be associated with lower severity or absence of PN symp-
toms, while another 24 SNPs may be associated with higher
severity or presence of PN symptoms after cancer treatment.
In addition, no significant differences were observed across
the subgroups of PN symptoms (OR =0.982, 95% CI=
0.739-1.304, P = .898), and the overall OR of biological path-
ways was not significant as well (OR =0.981, 95% CI=
0.888-1.085, P=.711).

In our analysis, SNPs shown to have no significant associ-
ations with some specific PN symptoms were excluded
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because a large number of potential SNPs were tested in each
study. Thus, we were not able check possible relationships of
the SNPs with other PN symptoms in women with breast
cancer. Furthermore, nine out of 26 studies were conducted
and reported by Miaskowski and colleagues using the same
breast cancer patient cohort who had undergone breast tumor
surgery [1, 14, 23, 25, 31, 34, 43, 49, 50]. This may lead to a
bias of our findings by decreasing the heterogeneity of study
population.

In conclusion, this systematic review evaluated the findings
of studies investigating the association between genetic poly-
morphisms and PN symptoms following breast cancer treat-
ment. Current evidence suggested that genetic polymorphisms
play a role as potential biological mechanisms of PN symp-
toms in breast cancer patients. Particularly, immune system
and metabolism pathway genes seem to be critical to the de-
velopment of PN symptoms. However, more well-designed
genome-wide association studies are still required to validate
these findings. This review may provide comprehensive evi-
dence for the future development of personalized therapeutics
for addressing distressing PN symptoms in breast cancer
patients.
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