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Abstract

Background Breast cancer remains the number 1 lethal ma-
lignancy in women. With rising incidence and decreased mor-
tality, the number of breast cancer survivors has increased.
Consequently, sequelae, such as pain, are becoming more
important.

Purpose The purpose of this study was to identify risk factors
for the development of pain in breast cancer survivors.
Methods PubMed and Web of Science were systematically
screened for studies encompassing risk factors for the devel-
opment of pain in breast cancer survivors. Meta-analyses were
carried out for risk factors described in more than one article.
Moderator analysis was performed in case of high heteroge-
neity (P > 50%) across studies.
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Results Seventeen studies were found eligible. Meta-analyses
were performed for 17 factors. Significant differences for the
odds of developing chronic pain were found for BMI (overall
OR: 1.34, 95%CI 1.08-1.67, p = 0.008), education (overall
OR: 1.23,95%CI 1.07-1.42, p =0.005), lymphedema (overall
OR: 2.58, 95%CI 1.93-3.46, p < 0.00001), smoking status
(overall OR: 0.75, 95%CI 0.62-0.92, p = 0.005), axillary
lymph node dissection (overall OR: 1.25, 95%CI 1.04-1.52,
p =0.02), chemotherapy (overall OR: 1.44, 95%CI 1.24-1.68,
p < 0.00001), and radiotherapy (overall OR: 1.32, 95%CI
1.17-1.48, p < 0.00001). After performing moderator analy-
ses for age, comorbidities, hormone therapy, and breast sur-
gery, hormone therapy became a significant risk factor as well
(overall OR: 1.33, 95%CI 1.15-1.54, p = 0.0001).
Conclusion BMI > 30, education < 1213 years, lymphede-
ma, not smoking, axillary lymph node dissection, chemother-
apy, hormone therapy, and radiotherapy were significantly
associated with higher odds for the development of chronic
pain, with lymphedema being the biggest risk factor. Lack of
uniformity across the studies in defining pain, follow-up, mea-
surement tools, and cut-off values for the diagnosis of pain
was noted, resulting in greater inter-study variability.

Keywords Chronic pain - Pain - Breast cancer survivor - Risk
factors

Introduction

Breast cancer remains the most lethal malignancy among women
worldwide [1]. Over the last decades, the incidence of breast
cancer has increased [1, 2]. According to estimates made by
the International Agency for Research on Cancer (IARC), 1.67
million new cancer cases were diagnosed in 2012 worldwide [1].
The increasing incidence can partially be explained by improved
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detection, population growth, and aging of the population.
Furthermore, a decline in mortality has been observed as a result
of improved screening strategies and more effective treatment
strategies [3]. Due to the combination of the declined mortality
rate and the increased incidence, the number of breast cancer
survivors has increased [4].

However, an important portion of breast cancer survivors has
to deal with complications and sequelae of physical (lymphede-
ma, neuropathy/pain, fatigue, menopausal symptoms, weight
gain, etc.) and psychological nature (fear of recurrence, fear of
death, change in body image, change in relationship, financial
stress, etc.). These complications can arise during the treatment
or can persist long after treatment cessation [5]. The development
of chronic pain is one of the most frequently seen sequelae in the
cancer survivor population [6]. Forsythe et al. reported that about
30% of the breast cancer survivors are confronted with above-
average pain 10 years after ending the treatment [7].

The International Association for the Study of Pain (IASP)
defined pain as “An unpleasant sensory and emotional experience
associated with actual or potential tissue damage, or described in
terms of such damage” [8]. As the lesion recovers or the threat
disappears, the pain sensation should normally decrease.
However, when the pain remains persistent after the normal tissue
healing process, it can be considered as chronic. To differentiate
acute from chronic pain, the cut-off point of less than 1 month can
be used, but 6 months is favored for research purposes [8].

So far, chronic pain in breast cancer survivors has been
poorly defined in the literature.

In previous studies, there is a lack of uniformity in the
applied definitions for chronic pain. Yet, postmastectomy pain
syndrome has been defined by the IASP as “Chronic pain
commencing immediately or soon after mastectomy or remov-
al of a lump, affecting the anterior thorax, axilla, and/or medial
upper arm.” [9]. However, this definition may be too limiting,
as it only focuses on the operated region and rules out other
natures of chronic pain like central sensitization.

The exact etiology underlying the development of pain in
cancer survivors remains an enigma. Several researchers
attempted to identify risk factors for the development of pain
in breast cancer survivors [10, 11], which are not only of a
crucial matter for the improvement of the prevention, but also
for the implementation of treatment strategies.

To our knowledge, two systematic reviews were previously
conducted regarding risk factors for the development of chronic
pain in cancer survivors, but neither of them performed a meta-
analysis or focused on the post-cancer treatment phase exclu-
sively [10, 11]. In addition to reporting several risk factors for
the development of chronic pain after breast surgery, Chang
et al. [10] mainly focused reviewing the literature on the use
of analgesic techniques for breast cancer surgery. However,
eligibility criteria were not presented, making it difficult to
assess whether the identified risk factors are applicable to breast
cancer survivors specifically.
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Andersen et al. identified several risk factors for the devel-
opment of persistent pain after breast cancer [11], but also
included studies on patients with recurrence and/or metastasis.
A final reason warranting the need for a systematic review is
the lack of reviews on risk factors of pain in cancer survivors
since 2011. Given the increasing survival rate and associated
interest of researchers, an increase in the number of studies
can be expected. Therefore, a systematic review with strict
eligibility criteria and exclusion of patients with recurrent can-
cer or metastasis is emerging.

Objective

The objectives of this review are: (1) to identify risk factors of
pain in breast cancer survivors in a systematic, transparent,
and reproducible way with strict eligibility criteria and (2) to
conduct a meta-analysis.

We expect to find a combination of underlying fac-
tors such as cancer-related (tumor size, staging, etc.),
treatment-related (chemotherapy, radiotherapy, surgery,
etc.), and patient-related (age, body mass index (BMI),
comorbidities, etc.) factors that might put breast cancer
patients at an increased risk for the development of
chronic pain.

Method

A systematic literature review was performed following the
PRISMA guidelines [12]. To identify relevant studies regard-
ing pain in cancer survivors, a systematic search of literature
was conducted in databases PubMed and Web of Science up
to March 2017. Authors were contacted if the full texts of
studies could not be retrieved.

Eligibility criteria

In order to be included, studies needed to meet the following
criteria:

(1) subjects needed to fulfill our definition of a cancer sur-
vivor. According to the definition of the National Cancer
Institute’s Office of Cancer Survivorship, a cancer survi-
vor is “A patient with a history of cancer that is beyond
the acute diagnosis and treatment phase” [13]. We used a
dissimilar definition, as the cancer survivors had to be at
least 6 months post-treatment (with exception of hor-
mone therapy) and without recurrence or metastasis.

(2) subjects needed to be diagnosed with breast cancer in the
past

(3) data to determine risk factors of pain had to be
available.
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The following exclusion criteria were applied:

(1) study design: case reports, reviews, protocol, commen-
tary, and letters

(2) subjects not fulfilling the cancer survivor definition due
to recurrence of cancer or diagnosed metastasis

(3) time since completion of radiotherapy or chemotherapy
was less than 6 months

(4) time since surgery was less than 6 months

(5) time since diagnosis was less than 1 year

(6) subjects being diagnosed with other cancers besides
breast cancer

(7) pain was not presented as an outcome.

All articles were restricted to recent publications between
1990 and 2017 with a primary emphasis on English abstracts
concerning humans.

Search

The primary search was performed in PubMed using MeSH
terms and free key words. The search was based on the PECO
method in which the population was represented as the cancer
survivors, the exposure as risk factors, and the outcome as
pain. A similar search was conducted in Web of Science, using
free key words.

Study selection

The study selection encompassed two phases. In the first phase,
duplicates were removed. Subsequently, all titles and abstracts
were screened for eligibility in a blinded standardized manner
by three independent researchers (S.V., T.B., and L.L.), using
the Rayyan software [14]. Any disagreement between the three
reviewers was resolved by consensus. In the second phase, the
remaining articles were screened for full textual review by two
researchers. In both phases, reasons for exclusion were registered.

Data collection process

A self-created extraction form was used to collect following data:
year of publication, study design, sample size of participants, age
(year = SD), follow-up (year + SD), type of pain, risk factor
variable, number of patients with pain exposed to risk factor,
number of patients without pain exposed to risk factor, number
of patients with pain unexposed to risk factor, number of patients
without pain unexposed to risk factor, odds ratio or relative risk,
adjusted odds ratio or relative risk, significance, standard error
(SE), pain outcome measures, cut-off values, and opioid analge-
sic use. Three authors extracted the data from included studies.
Two authors double-checked the extracted data afterwards.
Four authors were contacted to obtain supplementary data
concerning the risk factors BMI, age, and tumor size [7,

15—17]. Both number of patients with pain and the number
of patients without pain of each subgroup were requested to
make dichotomization possible.

Quality assessment

Three authors assessed the methodological characteristics of
the included studies using the Strengthening The Reporting of
Observational Studies in Epidemiology (STROBE) checklist.

This checklist contains 22 items, related to the different
sections of the articles. Four items are specific for cohort,
case-control, or cross-sectional studies; the remaining 18
items are common to all three study designs [18]. When an
item was discussed in an article, it received one point. When
nothing was mentioned about the item, a score of 0 was given.
Disagreements were resolved by consensus.

Summary measures

Odds ratio (OR) with 95% confidence intervals (CIs) was the
primary outcome measure. When an article did not mention
the needed odds ratio, raw data (number of patients with and
without pain of both the exposed and unexposed groups) were
used to calculate the odds ratio.

These data were used afterwards to perform a meta-
analysis by applying the random effect model [19].

Planned methods of analysis

Heterogeneity was assessed by the /° statistics using the meth-
od proposed by Higgens et al. [19]. The > statistic represents
an estimation of the inter-study variability. The significance of
the heterogeneity was determined on the basis of the p - value
obtained by the Chi-squared (x?) test. Given the limited num-
ber of included studies for several risk factors, a p - value of
0.10 was used as cut-off for statistical significance instead of
the more conventional level of 0.05 [20] (Deeks JJ et al.
2008). An F* value >50% was classified as an important pres-
ence of heterogeneity [19]. In this case, a moderator analysis
was carried out, investigating possible underlying true system-
atic differences that may explain heterogeneity.

Not only the total score on the STROBE checklist, but also
the presence of the most important items were taken into ac-
count. The study with the respectively highest scores on the
items ‘data measurement’, ‘bias’, ‘outcome data’, ‘limitations’,
‘generalizability’ of the STROBE checklist were considered as
best evidence. Studies that did not attain the average score of
the STROBE checklist and scored a minimum of 2 out of 5 on
the best evidence items were excluded from the meta-analyses.

The data acquired from the studies needed to be compara-
ble to perform a meta-analysis. Therefore, several transforma-
tions were conducted: age was dichotomized as >50-55/<50—
55 years [15, 21-23], alcohol use as yes/no [21], BMI as
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>30/<30 [7, 21, 22, 24, 25], chemotherapy as yes/no [21],
radiotherapy as yes/no [26], hormone therapy as yes/no [21],
education as >12—-13/<12-13 years [21, 22, 25], tumor size as
>20 mm/<20 mm [21, 23], cancer stage as stage 1/>stage 1
[21, 23, 25], smoking status as ex-or no-smoker/smoker [25],
and cohabitation status as single/cohabiting [15, 22, 25].

Instead of using the given adjusted OR (<46 years) of the
risk factor age by Bredal et al., which was not based on similar
groups (>50-55/<50-55) as with other authors, the age groups
with and without pain in this study were dichotomized and
afterwards used for calculation of a comparable OR [15].

In the study of Johannsen et al., the 7-9-year post-surgery
OR was preferred over the 15 months equivalent for the meta-
analysis, as the 7-9-year post-surgery OR is a better approx-
imation of the follow-up of the other studies [21].

All meta-analyses were conducted with the RevMan soft-
ware (Review manager 5.3).

Results
Study selection

The initial search of data yielded a total of 934 articles on
PubMed and 864 on Web of Science. After removing dupli-
cates, 1431 articles remained. These studies were screened on
title and abstract. Based on the prespecified exclusion criteria,
1357 articles were excluded.

The remaining 74 articles were screened for eligibility
by full textual review. Fifty-seven of the 74 articles were
excluded due to not fulfilling the cancer survivor defini-
tion (n = 32) or providing insufficient data (n = 25).
Therefore, 17 articles were included in our synthesis.
Figure 1 presents the flowchart of the study selection
process.

Study characteristics

The 17 included studies consisted of five cohort [7, 16, 21, 23,
27] and 12 cross-sectional studies [15, 17, 22, 24-26, 28-33].
In all studies, the breast cancer survivors were at least 6 months
post-treatment. The sample size of the studies ranged from 85
to 2160. Four studies were performed in the USA [7, 30, 32,
34], three in Denmark [21, 22, 24], two in Sweden [26, 33],
two in Turkey [25, 29], two in Australia [16, 35], one in the
Netherlands [27], one in Belgium [17], one in Spain [23], and
one in Norway [15].

Across those studies, several pain measurement tools
were used with varying cut-off values. For the assess-
ment of pain, 11 articles used a study specific question-
naire [17, 21-26, 30, 32, 33, 35], and four other studies
relied on a valid measurement tool [7, 15, 16, 34]. Two
studies did not provide a proper description of the
measurement tools used to diagnose pain [27, 29]. The
studies and their characteristics are listed in Tables 1, 2,
and 3.

Fig. 1 Flowchart of the study
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Quality assessment

The results of the individual studies on the STROBE checklist
are presented in Fig. 2, with scores ranging from 12 to 20 out
of 22 points. The mean score on the STROBE checklist was
16.18 £ 2.33, indicative for a moderate quality. The main
weaknesses were lack of correct information on ‘title and ab-
stract’, ‘objectives’, ‘study design’, ‘statistical methods’,
‘funding’, and scarce efforts to address potential sources of
bias.

Risk factors for the development of chronic pain in cancer
survivors

Looking at the included studies, over 70 risk factors were
examined for the development of chronic pain in cancer
survivors.

The risk factors presented in two or more studies are as
follows: age [15, 16, 21-25, 27], alcohol use [21, 25], BMI
[7, 16, 21, 22, 24-26, 33], children [21, 25], comorbidities
[15, 21, 25], education [15, 21, 22, 25, 35], lymphedema
[15, 29, 35], relationship status [15, 21, 22, 25, 35], smoking
status [21, 25], axillary surgery [15, 16, 21, 23, 24, 29], breast
surgery [15, 16, 21-23, 25, 29, 35], chemotherapy [15, 17,
21-24, 29, 35], hormone therapy [15, 21, 29, 32, 35], radio-
therapy [15, 17, 21-26, 29, 33, 35], cancer stage [21, 23, 25,
28], hormone receptor status [21, 35], and tumor size [17, 21,
23, 24, 33].

Meta-analyses were carried out for the risk factors de-
scribed in more than one article (Appendix A).

Patient-related risk factors

Age Steyaert et al. [17] did not provide sufficient data and was
subsequently removed. The meta-analysis demonstrated a sig-
nificant difference for the chance of developing chronic pain
in breast cancer survivors between the >50-55-year group and
the <50-55-year group. Data from eight studies [15, 16,
21-25, 27] (n = 7048) were combined, showing that the odds
for developing chronic pain in subjects with an age >50-55
were lower than those with an age <50-55 (overall OR: 0.76,
95% CI 0.57-1.01, p = 0.06); however, these results were
found to be not significant.

A moderator analysis was carried out since the heterogene-
ity across the studies was high (7 = 76%, p = 0.0001). After
withdrawing the weakest methodological studies [17, 22, 23,
25], the heterogeneity increased a bit (* = 82%, p = 0.001)
and the overall odds ratio for the development of chronic pain
for breast cancer survivors older than 50-55 years, in compar-
ison with younger breast cancer survivors, lowered to 0.65
(overall OR: 0.65, 95% CI 0.42-1.01, p = 0.05). The results
of all moderator analyses can be found in Table 4.

Alcohol use Alcohol use was studied in two articles
(n = 2519) [21, 25]. A significant lower chance to develop
chronic pain was found in patients consuming alcohol

Fig. 2 Quality assessment by the
STROBE checklist
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Table 4 Moderator analyses for risk factors demonstrating high
heterogeneity

Determinant Pooled estimate [95% 12 p value Chi®
confidence Interval]

Patient-related

Age < 50-55 0.65[0.42-1.01] 82%  0.001

Having >1 comorbidities  1.23 [0.33-4.56] 95% <0.00001

Treatment-related

Breast conserving surgery 1.03 [0.78-1.36] 44%  0.15

Hormone therapy 1.33 [1.15-1.54] 0% 0.54

compared to those not consuming alcohol (overall OR: 0.94,
95% C10.47-1.89, p = 0.86). A high heterogeneity was found
(> = 67%, p = 0.08) but given the fact that this risk factor was
only discussed in two articles, no moderator analysis could be
performed.

BMI Bredal et al. [15] and Forsythe et al. [7] did not provide
the required data. The groups, on which the given OR in
Bredal et al. was based, were not clearly presented.
Consequently, Bredal et al. was excluded from the meta-
analysis [15]. The original OR of Forsythe et al., based on
the obese and normal weighted cancer survivors without tak-
ing overweight participants into account, was used in the
meta-analysis instead of a newly formed OR based on all
participants [7]. This limitation was taken into account for
possible moderator analysis.

A significant dissimilarity of the odds for the development
of chronic pain in breast cancer survivors is presented in the
meta-analysis between the two BMI groups (>30 and <30).

The odds for the development of chronic pain are 1.33
times higher in people with a BMI > 30 compared to those
with a BMI < 30, according to the data from the 6 combined
studies (n = 5573) (overall OR: 1.34, 95% CI 1.08-1.67,
p=0.008)[7, 16, 21,22, 24,25]. No significant heterogeneity
(%) was found (P = 33%, p = 0.19).

Children The risk factor ‘children’ was discussed in two stud-
ies (n =2519) [21, 25]. The meta-analysis delivered no differ-
ence between the risk for developing chronic pain after having
children or not (overall OR 0.92,95% CI 0.69—1.23, p = 0.56).
A low heterogeneity was found (7 = 0%, p = 0.74).

Comorbidities Comorbidities were approached in three arti-
cles (n = 3353) [15, 21, 25]. No significant intergroup differ-
ence was observed (overall OR: 1.11, 95% CI 0.50-2.44,
p = 0.80). Furthermore, a significant heterogeneity was found
(P = 93%, p < 0.00001), which could possibly be explained
by the discrepancy in the applied definitions for comorbidi-
ties. Bredal et al. defined comorbidities as previous pain,
whereas Johannsen et al. and Alkan et al. did not provide a
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proper definition for comorbidities, possibly resulting in the
inclusion of non-pain-related disorders [15, 21, 25].

A moderator analysis was performed with the removal of
Alkan et al. [25]. No improvement in heterogeneity was found
(12 =95%, p <0.00001), nor did the analysis have an influence
on the odds ratio (overall OR: 1.23, 95% CI 0.33-4.56,
p =0.76).

Education Five articles reported on education (rn = 5209) [15,
21,22,25,35]. A significant higher chance to develop chronic
pain was found in subjects with a lower education (<12 or
13 years) (overall OR: 1.23, 95% CI 1.07-1.42, p = 0.005).
A low heterogeneity was found (7% = 10%, p = 0.35).

Lymphedema Lymphedema was studied in three articles
(n=1459)[15, 29, 35]. The meta-analysis found that the odds
of developing chronic pain were 2.58 times higher in the
group with lymphedema (overall OR: 2.58, 95% CI 1.93—
3.46, p < 0.00001). No significant heterogeneity was observed
(P = 0%, p = 0.40).

Relationship status Five articles (n = 5209) declared the re-
lationship status as risk factor [15, 21, 22, 25, 35]. The meta-
analysis did not lead to a significant difference between
groups (overall OR: 1.05, 95% CI 0.88-1.26, p = 0.56). A
modest heterogeneity was observed (/* = 31%, p = 0.21).

Smoking status A significant dissimilarity of the odds for the
development of chronic pain in breast cancer survivors is pre-
sented in the meta-analysis between the smoking and ex-/no-
smoking group. Smokers have a smaller chance to develop
chronic pain in comparison to the ex- or no-smoking group
(overall OR: 0.75, 95% CI 0.62-0.92, p = 0.005). No hetero-
geneity was observed (2 = 0%, p = 0.80).

Others Several other patient-related risk factors were only
studied once, such as the following: monthly income [25],
posttraumatic stress disorder [25], psychiatric support [25],
regular use of analgetics [25], social support [25], severity of
initial pain [35], quality of original symptoms [35], anxiety
[15], depression [15], race [30], menopausal status [34], phys-
ical activity [7], television time [7], occupational status [21],
personal income [21], household net wealth per person [21],
ethnicity [21], Physical Activity Scale for the Elderly (PASE)
components [21], SF-36 Physical Function, physical function
[16], insomnia [16], baseline pain [16], emotional function
[16], arm symptoms [16], breast symptoms [16], time since
surgery [22], medication use [22], Charlson index [23], height
[17], weight [17], and recall of preoperative pain [17]. The
data regarding these risk factors are further specified in
Table 1.
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Treatment-related risk factors

Axillary surgery: axillary lymph node dissection versus
sentinel lymph node biopsy This risk factor was examined
in six articles (n =4263) [15, 16, 21, 23, 24, 29]. In this meta-
analysis, a significant difference between axillary dissection
and sentinel dissection was found. Patients who underwent
axillary dissection had a 1.25 greater chance to develop chron-
ic pain (overall OR: 1.25, 95% CI 1.04-1.52, p = 0.02) com-
pared to those who underwent a sentinel dissection. /* was
27% (p = 0.23), indicative for moderate heterogeneity.

Breast surgery: mastectomy versus breast conserving sur-
gery The risk factor ‘breast surgery’ was discussed in eight
articles (n = 6472) [15, 16, 21-23, 25, 29, 35]. The meta-
analysis delivered no significant difference between the risk
for developing chronic pain after mastectomy compared to
breast conserving surgery (overall OR 0.92, 95% CI 0.75—
1.14, p = 0.47). An important heterogeneity was found
(P =59%, p = 0.02). After performing a moderator analysis
with withdrawal of the methodological weakest studies [22,
23, 25, 28], the heterogeneity decreased (12 =44%, p = 0.15)
and the odds ratio increased (overall OR: 1.03, 95% CI 0.78—
1.36, p = 0.83).

Chemotherapy Seven studies (n = 4810) encompassed this
category [15, 17, 21, 23, 24, 29, 35]. Overall, a significant
difference in odds for the development of chronic pain was
found between subjects treated with and without chemother-
apy. The odds in subjects who received chemotherapy were
1.44 times higher compared to those who did not receive
chemotherapy (overall OR: 1.44, 95% CI 1.23-1.69,
p < 0.00001). A slight heterogeneity was observed
(P =33%, p=0.18).

Hormone therapy Hormone therapy was studied in eight
articles (n = 5823) [15, 17, 21, 23, 24, 29, 32, 35].

The meta-analysis demonstrated a non-significant differ-
ence between participants subjected to and not subjected to
hormone therapy (overall OR: 1.16, 95% CI 0.99-1.37,
p=0.07).

Since a significant heterogeneity was detected (I* = 47%,
p =0.07), a moderator analysis was performed. After removal
of the weakest methodological studies [17, 23, 28], the results
became homogenous (7 = 0%, p = 0.54). Survivors exposed
to hormone therapy were 1.33 times more likely to develop
chronic pain (overall OR: 1.33, 95% CI 1.15-1.54,
p=0.0001).

Radiotherapy Data from 11 articles (n = 7806) were com-
bined for the meta-analysis of radiotherapy as risk factor to
develop chronic pain [15, 17,21-26, 29, 33, 35]. A significant
increased chance of developing chronic pain was found in

patients exposed to radiotherapy compared to the unexposed
patients (overall OR: 1.32, 95% CI 1.17-1.48, p < 0.00001).
A slight heterogeneity was found (I = 22%, p = 0.24).

Others The other treatment-related risk factors that were only
mentioned by one study are as follows: interval after surgery
[25], taxane in adjuvant therapy [25], reoperation [25], dom-
inant hand as side of surgery [24], boost dosage radiotherapy
[27], number of lymph nodes removed [35], endocrine thera-
py at FQ5 [35], any surgery from FQ1-FQS5 [35], chemother-
apy and locoregional radiotherapy [15], breast reconstruction
[29], complications [29], Danish Breast Cancer Cooperative
Group (DBCG) protocol [21], irradiated volume with >40 Gy
(cm?) [33], highest dose (Gy) [26], detection method [23],
neoadjuvant treatment [36], lymph node involvement [17],
duration of surgery [17], and perioperative anesthesthetics
and analgetics [17].

Specific details concerning these risk factors are outlined in
Table 2.

Cancer-related risk factors

Cancer stage The cancer stages were discussed in four arti-
cles (n =4116) [21, 23, 25, 28].

No significant intergroup difference was observed for pa-
tient diagnosed with a stage 1 or stage >1 cancer (overall OR:
1.07, 95% C1 0.80-1.44, p = 0.64).

A significant heterogeneity was found (7 = 56%, p < 0.08).
However, no moderator analysis could be performed since 3
out of the 4 included studies had to be removed [23, 25, 28],
based on the prespecified criteria, leaving us with only 1 study
in the meta-analysis.

Hormone receptor status Two studies reported on hormone
receptor status (n = 2445) [21, 35]. The meta-analysis of these
results demonstrated no significant difference in the risk for
development of chronic pain (overall OR: 1.10, 95% CI10.81—
1.50, p = 0.53) and no heterogeneity could be observed
(P =0%, p=0.72).

Tumor size >20 mm Steyaert et al. [17] did not provide suf-
ficient data and was subsequently removed. The tumor size
was examined in four articles (n = 3891) [21, 23, 24, 35]. The
meta-analysis revealed no significant difference (overall OR:
1.12, 95% CI 0.94-1.35, p = 0.20). Furthermore, no hetero-
geneity was observed (7 = 0%, p = 0.65).

Others The remaining cancer-related risk factors, only
discussed in one study, encompass the following: location of
the tumor [24], tumor side [24], lymph node status [21], his-
tological type [23], and phenotype [36].

A detailed overview of these risk factors can be found in
Table 3.
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Discussion

The purpose of this systematic review and meta-analysis was
to identify factors that contribute to the development of chron-
ic pain in breast cancer survivors. Seventeen different studies
were included which together provided over 70 different risk
factors. For 17 risk factors, it was possible to carry out a meta-
analysis. Seven out of the 17 examined factors (BMI > 30,
education <12—13 years, lymphedema, no- or ex-smoker, ax-
illary lymph node dissection, chemotherapy, and radiothera-
py) demonstrated to be significantly associated with an elevat-
ed chance for the development of chronic pain in breast cancer
survivors, with lymphedema being the strongest risk factor.
The remaining ten risk factors (age < 50-55, alcohol use,
children, comorbidities, relation status, breast surgery,
hormone therapy, cancer stage, hormone receptor status, and
tumor size) are not related to the development of chronic pain
in breast cancer survivors. After applying moderator analyses
for the meta-analyses with a high grade of heterogeneity (age,
comorbidities, hormone therapy, breast surgery), hormone
therapy became a significant risk factor for the development
of chronic pain in breast cancer survivors as well.

In the past, two systematic reviews concerning risk factors
for the development of chronic pain were conducted [10, 11].
Chang et al. reported age younger than 65 years, type of sur-
gery (breast-conserving surgery, breast reconstruction, axil-
lary dissection), higher post-operative pain scores, and radio-
therapy to be risk factors for the development of chronic pain
following breast surgery [10]. The findings for age and radio-
therapy were comparable to the results of this review.
However, it should be taken into consideration that Chang
et al. primarily focused on patients after breast surgery, mak-
ing a true comparison with the present findings difficult [10].
The second review failed in the detection of significant risk
factors due to the unclear definitions of pain, treatment, and
outcome measures and methodological weakness of the found
articles [11]. This study proclaimed that data collection needs
to be performed in a more systematical way [11].

Whether lymphedema leads to the development of chronic
pain in breast cancer survivors or not has been a point of
discussion. However, the present study demonstrated that
lymphedema is the strongest risk factor for the development
of chronic pain in breast cancer survivors. Results from pre-
vious studies deliver indirect evidence for the relation between
lymphedema and pain in gynecological cancer survivors, in
which a reduction of the lymphedema was correlated with a
decrease in pain after applying complex decongestive physio-
therapy [37]. Furthermore, one should be aware of the fact that
breast cancer-related lymphedema might cause many incon-
veniences in the upper extremity, such as a poor range of
motion, stiffness, weakness, numbness, a general poor upper
body function, and pain [38]. Jeong et al. stated that the rotator
cuff tendinitis is a frequently seen complication in patients
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with lymphedema. A total of 53.3% of the patients with
lymphedema were diagnosed with a supraspinatus tear (75%
showed a partial thickness tear and 25% a full thickness tear),
53.3% with an adhesive capsulitis, 13.3% with a tenosynovi-
tis, 13.3% with an acromioclavicular arthritis, and 13.3% with
a subdeltoid bursitis [38]. All these definitive structural abnor-
malities in patients with lymphedema might in turn lead to the
development of pain [38].

The presence of obesity has been postulated as another
associated factor in the development of chronic pain, which
was demonstrated to be significant in this study [39, 40].
Taylor R. Jr. et al. suggested that obesity could possibly lead
to the development of pain due to mechanical stress and met-
abolic disruptions [39]. Furthermore, they stated that emotion-
al factors such as stress, anxiety, and depression could arise
from the significant obesity and pain burdens on the individ-
ual, the healthcare system, and society as a whole, which in
turn lead to further healthcare utilization and burden [39].
According to Okifuji A. et al., there are several potential con-
tributors linking obesity to pain such as the following: me-
chanical and structural changes due to the increased loading
(e.g., altered body mechanics and postures), chemical media-
tors (e.g., proinflammatory cytokines causing a low-grade
chronic inflammatory state), depression, disturbed sleep, and
an inactive lifestyle [40]. The presence of both pain and obe-
sity often lead to a vicious cycle of pain—inactivity—obesity.

After axillary dissection, axillary web syndrome (AWS)
might occur. AWS is characterized by the formation of multi-
ple chords that span from the axilla to the medial arm in a web-
like matter. AWS can trigger a painful sensation when
performing movements in which abduction of the shoulder
is involved [41, 42]. Postoperative pain is commonly seen in
breast cancer survivors and is mostly caused by changes in the
peripheral and central nervous system (CNS). Due to the local
tissue injury of the surgery, an increased sensitivity of the
nociceptors to stimuli (primary hyperalgesia) and a spontane-
ous firing of these nociceptors will be observed. Secondary
hyperalgesia may occur after a disproportional pain experi-
ence due to the central neural plasticity. Secondary
hyperalgesia is thought to be the basis for chronic post-
surgical pain [43, 44].

Chemotherapy and/or adjuvant radiotherapy are frequently
administered after breast cancer surgery. It is well known that
both have the ability to cause neurotoxity and neuropathic
pain [45, 46]. Chemotherapy can cause damage to the nerves
and induce peripheral neuropathy; however, the exact patho-
physiologic mechanism underlying the nerve injury in
chemotherapy-induced peripheral neuropathy (CIPN) is still
not completely understood. CIPN appears to be agent-specific
and is thought to be caused by drug-induced damage to com-
ponents of the peripheral nervous system (PNS). As a conse-
quence of the structural damage to the PNS, the somatosen-
sory processing in the central and peripheral nervous systems
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is abnormal and results in allodynia, hyperalgesia, and pain.
Pain processing abnormalities seem to play an important role
in the development of chronic painful conditions [47, 48].

Despite the benefits of adjuvant radiotherapy in reducing
tumor burden, it might induce late effects. As it causes a high
toxicity to the skin and vital organs, it might subsequently lead
to the development of significant chronic pain. Delayed pain-
ful brachial and lumbosacral plexopathies, osteoradionecrosis
and fractures, pelvic pain, and in some cases secondary ma-
lignancies have been reported after radiotherapy [49-51].

About 75% of the postmenopausal patients are diagnosed
with a hormone receptor-positive breast cancer for which en-
docrine treatment is prescribed [53]. Despite the fact that they
improve the disease-free survival by 10-40%, about 46% will
develop aromatase inhibitor-induced arthralgia (AIA), an ad-
verse event not only leading to a decrease in health-related
quality of life but also in treatment compliance [54—60]. The
exact mechanism underlying the development of the AIA re-
mains an enigma. Hershman et al. suggests that this phenom-
enon is the result of estrogen deprivation and shares compo-
nents with auto-immune diseases [61]. Another study suggests
that aromatase inhibitors might selectively target the transient
receptor potential ankyrin 1 (TRPA1) channel [62]. The stim-
ulation of TRPA1 through the aromatase inhibitors is associ-
ated with the release of pro-inflammatory neuropeptides from
sensory nerve endings, which mediate neurogenic inflamma-
tory responses in the innervated peripheral tissue [62].

Overall, there is not only a lack of uniformity in the defi-
nition of pain, but also in the use of measurement tools and
applied cut-off values for the diagnosis of pain. These dissim-
ilarities might possibly explain the observed differences be-
tween the studies.

Furthermore, it should be noted that the current literature
regarding risk factors for the development of chronic pain in
breast cancer survivors has a primary focus set on treatment-
related, cancer-related, and demographic factors. There is a
need to shift the research focus away from the biomedical
point of view onto the broader biopsychosocial dimension,
as it is demonstrated that psychosocial factors play an impor-
tant role in other chronic pain conditions [63—64]. Turk et al.,
for example, described that avoiding activities due to fear of
pain plays a relevant part in the persistency and aggravation of
pain [63]. According to Boersma et al., fear acts as a risk factor
for the development or persistence of chronic pain [64].
Additionally, psychological factors like anxiety, depression,
stress, and catastrophizing are proven to strongly correlate
with chronic post-surgical pain [64].

The present study has several strengths, including the com-
pliance with the PRISMA guidelines [12] for rigorous perfor-
mance and reporting of systematic literature reviews and me-
ta-analyses, the use of multiple, blinded researchers to perform
the literature searches as well as data processing and quality
assessments. Also, this is the first meta-analysis of all

available studies exploring possible risk factors for the devel-
opment of chronic pain in breast cancer survivors. Of course,
some limitations to our study should be acknowledged.

First, in order to perform the meta-analyses, the ORs of the
different studies needed to be comparable with each other.
Therefore, dichotomization of data was needed, which is in-
extricably linked to a loss of information. For instance,
Johannsen et al. compared the normal weight group with four
other BMI groups. The results showed that the ‘obese group’
had a higher chance for the development of chronic pain,
which could not be observed for the ‘severely obese group’.
This kind of information could not be retrieved from our meta-
analyses.

Second, using the STROBE involves some restrictions
since it is constructed to provide guidance on how to report
observational studies properly. It is not meant as a methodo-
logical guideline or assessment tool, in which all items can be
assigned with equal weights, as some items are more mean-
ingful than others. Therefore, the use of overall scores is, from
an objective point of view, inappropriate and makes the inter-
pretation of the results harder. However, this limitation was
countered by taking into account the five most important
STROBE-items for the moderator analysis.

As this review encompasses only a limited number of stud-
ies and the strength of those studies is merely mediocre, the
strength of the evidence is not sufficient to draw firm conclu-
sions regarding the risk factors for the development of chronic
pain. Future research should focus on providing a proper def-
inition for pain in breast cancer survivors. Furthermore, a con-
sensus should be drawn about globally accepted measurement
tools with clear cut-off values for the diagnosis of chronic pain
in this population. This would bring more clarity and unifor-
mity across studies examining pain. Proper knowledge about
risk factors is of imperative need to not only screen patients
that are at a higher risk for the development of pain but also to
preventively target those factors in order to avoid acute pain
from becoming chronic.
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