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Abstract
Study purposes were to determine the occurrence rate for preoperative breast pain; describe the
characteristics of this pain; evaluate for differences in demographic and clinical characteristics;
and evaluate for variations in pro- and anti-inflammatory cytokine genes between women who did
and did not report pain. Patients (n=398) were recruited prior to surgery and completed self-report
questionnaires on a number of pain characteristics. Genotyping was done using a custom
genotyping array. Women (28.2%) who reported breast pain were significantly younger (p <
0.001); more likely to be non-white (p= 0.032); reported significantly lower Karnofsky
Performance Status scores (p = 0.008); were less likely to be post menopausal (p = 0.012), and had
undergone significantly more biopsies (p=0.006). Carriers of the minor allele for a single
nucleotide polymorphism (SNP) in interleukin (IL)1-receptor 1 (IL1R1) (rs2110726) were less
likely to report breast pain prior to surgery (p = 0.007). Carriers of the minor allele for a SNP in
IL13 (rs1295686) were more likely to report breast pain prior to surgery (p= 0.019). Findings
suggest that breast pain occurs in over a quarter of women who are about to undergo breast cancer
surgery. Based on phenotypic and genotypic characteristics found, inflammatory mechanisms
contribute to preoperative breast pain.
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INTRODUCTION
Acute postoperative pain and chronic pain associated with breast cancer and its treatment are
common problems in women with breast cancer.1,3,18,23,27,30,44,63–65] However, only five
papers have described breast pain prior to surgery.14,44,63–65 In a paper published in 1952,14

Corry noted that “the occurrence of pain in operable cases of carcinoma of the breast is well
known to surgeons” and that its occurrence ranged from 14% to 45%. In one of the earliest
studies of chronic pain after breast cancer surgery,65 30% of the 93 patients surveyed
reported preoperative pain in their affected breast. Pain intensity scores ranged from 0.6 to
6.9 on a 0 to 10 centimeter visual analog scale. Ten percent of these women reported
preoperative pain in both the affected breast and ipsilateral arm. Activities that aggravated
the preoperative pain included reaching out, doing housework, driving a car, and sleeping on
the affected side. In a second paper from the same cohort,63 patients with preoperative pain
recalled higher levels of postoperative pain compared to patients without preoperative pain.
In a recent study of risk factors for chronic pain following breast cancer surgery,44 28% of
patients (n=93) reported preoperative breast pain. Of note, the presence of preoperative pain
was not associated with the development of chronic pain following surgery. While these
studies documented the occurrence of preoperative breast pain, detailed information on
specific pain characteristics and risk factors for preoperative breast pain were not reported.

Potential causes for breast pain prior to surgery include the release of algogenic meditators
from the tumor;24,26,41 perineural involvement by the cancer; and inflammation associated
with tissue injury following a breast biopsy. This tissue injury is associated with the release
of pro-inflammatory cytokines (e.g., interleukin (IL)1, tumor necrosis factor alpha (TNF-α))
that results in inflammatory pain. In addition, variations in a number of genes in
inflammatory pathways (e.g., cyclooxygenase 2,52 TNFα,49,51,52 nuclear factor kappa beta
(NFΚB1),52 IL1,4,50 IL8,50–51 IL1622) are associated with increases in acute4,77 and
cancer49–52 pain. For example, a polymorphism in the promoter region of IL8 (rs4073) was
associated with increased pain in patients with pancreatic cancer.50 However, no studies
have evaluated for variation in pro-inflammatory cytokine genes in patients with breast pain
prior to surgery for breast cancer.

Given the paucity of research on breast pain in women prior to breast cancer surgery and
emerging evidence that cytokine gene polymorphisms may be associated with acute pain,
the purposes of this study, in a sample of women who were to undergo surgery for breast
cancer were to: determine the occurrence rate for preoperative breast pain; describe the
characteristics of this pain; evaluate for differences in demographic and clinical
characteristics between women who did and did not report pain prior to surgery; and
evaluate for variations in pro- and anti-inflammatory cytokine genes between the two pain
groups.

MATERIALS AND METHODS
Patients and Settings

This analysis is part of a larger study that evaluated neuropathic pain and lymphedema in
women who underwent breast cancer surgery. Patients were recruited from breast care
centers located in a comprehensive cancer center, two public hospitals, and four community
practices.

Patients were eligible to participate if they: were an adult woman (≥18 years) who
underwent breast cancer surgery on one breast; were able to read, write, and understand
English; agreed to participate; and gave written informed consent. Patients were excluded if
they were having breast cancer surgery on both breasts and/or had distant metastasis at the
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time of diagnosis. A total of 516 patients were approached to participate, 410 were enrolled
in the study (response rate 79.4%), and 398 completed the baseline assessment. The most
common reasons for refusal were: too busy, overwhelmed with the cancer diagnosis, or
insufficient time available to do the baseline assessment prior to surgery.

Instruments
The demographic questionnaire obtained information on age, marital status, education,
ethnicity, employment status, and living situation.

Karnofsky Performance Status (KPS) scale is widely used to evaluate functional status in
patients with cancer and has well established validity and reliability.34–35 Patients rated their
functional status using the KPS scale that ranged from 30 (I feel severely disabled and need
to be hospitalized) to 100 (I feel normal; I have no complaints or symptoms).

Self-Administered Comorbidity Questionnaire (SCQ) is a short and easily understood
instrument that was developed to measure comorbidity in clinical and health service
research settings.56 The questionnaire consists of 13 common medical conditions that were
simplified into language that could be understood without any prior medical knowledge.
Patients were asked to indicate if they had the condition using a “yes/no” format. If they
indicated that they had a condition, they were asked if they received treatment for it (yes/no;
proxy for disease severity) and did it limit their activities (yes/no; indication of functional
limitations). Patients were given the option to add two additional conditions not listed on the
instrument. For each condition, a patient can receive a maximum of 3 points. Because the
SCQ contains 13 defined medical conditions and 2 optional conditions, the maximum score
totals 45 points if the open-ended items are used and 39 points if only the closed-ended
items are used. The SCQ has well-established validity and reliability and has been used in
studies of patients with a variety of chronic conditions.5,11

Breast Symptoms Questionnaire (BSQ), which consists of three parts, was used to obtain
information on a number of pain characteristics. Part 1 obtained information on the
prevalence, frequency, severity, and distress of symptoms in the breast (i.e., pain, swelling,
numbness, strange sensations, hardness) prior to surgery. The symptoms that were assessed
by Part 1 of the BSQ were identified in studies by Tasmuth and colleagues.64–65 The
assessment of these symptoms is based on the format used in the Memorial Symptom
Assessment Scale (MSAS).45–46 Frequency of occurrence of the symptom, if present, was
rated using a 1 to 4 scale (1= rarely to 4 = constantly). Severity was rated on a 1 to 4 scale
(1=slight to 4=very severe). Distress was rated on a 0 to 4 scale (0=not at all to 4=very
much). Occurrence rates for each symptom were determined using the responses in the “did
not have” portion of the symptom assessment scale. Adaptations of the MSAS were used in
previous studies.36–37

If the patient had pain in the breast, they completed Part 2 of the BSQ. Patients were asked
to rate the intensity of their pain (i.e., pain right now and average and worst pain) using a
numeric rating scale (NRS) that ranged from 0 (no pain) to 10 (worst imaginable pain).
NRSs are valid and reliable measures of pain intensity.31

Patients who completed Part 2 were asked to complete Part 3. With Part 3 of the BSQ,
patients rated the level of interference caused by breast pain with sixteen activities using a 0
(does not interfere) to 10 (completely interferes) NRS. This interference scale is an
adaptation of the interference scale from the Wisconsin Brief Pain Inventory (BPI).15 This
interference scale is a valid and reliable measure that has been used to evaluate the extent to
which a person’s pain interferes with their ability to function.12,57 In addition to the original
eight items on the interference scale of the BPI (i.e., general activity, mood, walking ability,
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normal work, relations with other people, sleep, enjoyment of life, sexual activity), the eight
additional activities that were evaluated were those that were evaluated in the studies by
Tasmuth and colleagues64–65 (i.e., ability to sleep on the operated side, touch, ability to
reach out, ability to carry things, ability to get up from bed, ability to do handicrafts, ability
to drive a car, ability to write).

Pain Qualities Assessment Scale (PQAS)32,72 is an adaptation of the Neuropathic Pain Scale
developed by Galer and Jensen21 that consists of 20 items. The first 18 items are measured
with NRSs that evaluate the magnitude of the different pain qualities (e.g., sharp, hot,
aching, cold). The last two questions ask for an estimate of the intensity of deep pain and
surface pain. Scores for individual pain qualities are reported and a mean score across the 20
items was calculated. In addition, three subscale scores were calculated (i.e., surface pain,
paroxysmal pain, deep pain).72 The PQAS has well-established validity and reliability.32,72

Study Procedures
The study was approved by the Committee on Human Research at the University of
California, San Francisco and by the Institutional Review Boards at each of the study sites.
During the patient’s preoperative visit, a clinical staff member explained the study to the
patient and determined her willingness to participate. For those women who were willing to
participate, the staff member introduced the patient to the research nurse. The research nurse
met with the women, determined eligibility, and obtained written informed consent prior to
surgery. After obtaining consent, patients completed the enrollment questionnaires on
average 4 days prior to surgery. Medical records were reviewed for disease and treatment
information.

Genomic analyses
Gene selection—Cytokines and their receptors are classes of polypeptides that mediate
inflammatory processes.71 Cytokine dysregulation is associated with increased
inflammatory responses in acute pain71,73–76 and in a variety of chronic medical
conditions.2,9,22,43,54, 60, 68 These polypeptides are divided into pro- and anti-inflammatory
cytokines. Pro-inflammatory cytokines promote systemic inflammation and include:
interferon (IFN) gamma, IFNG 1 receptor (IFNGR1), IL1R1, IL2, IL8, IL17A, nuclear
factor kappa beta (NFKB1), NFKB2, and TNFα.58,71 Anti-inflammatory cytokines suppress
the activity of pro-inflammatory cytokines and include: IL1R2, IL4, IL10, and IL13.58,71 Of
note, IFNG1, IL1β, and IL6 possess pro- and anti-inflammatory functions.58

Blood collection and genotyping—Of the 398 patients who completed the baseline
assessment, 302 provided a blood sample from which DNA could be isolated from
peripheral blood mononuclear cells (PBMCs). No differences were found in any
demographic and clinical characteristics between patients who did and did not choose to
participate in the study or in those patients who did and did not provide a blood sample for
genomic analyses.

Genomic DNA was extracted from PBMCs, that were maintained by the UCSF Genomic
Markers of Symptoms Tissue Bank, using the PUREGene DNA Isolation System
(Invitrogen, Carlsbad, CA). DNA samples were quantitated with a Nanodrop
Spectrophotometer (ND-1000) and normalized to a concentration of 50 ng/μL (diluted in 10
mM Tris/1 mM EDTA). Genotyping was performed blinded to clinical status and positive
and negative controls were included. Samples were genotyped using the Golden Gate
genotyping platform (Illumina, San Diego, CA) and processed according to the standard
protocol using GenomeStudio (Illumina, San Diego, CA). Two blinded reviewers visually
inspected signal intensity profiles and resulting genotype calls for each SNP. Disagreements

McCann et al. Page 4

J Pain. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



were adjudicated by a third reviewer. If consensus could not be reached, the SNP was
excluded.

SNP selection—A combination of tagging SNPs and literature driven SNPs (i.e., reported
as being associated with altered function and/or symptoms) were selected for analysis.
Tagging SNPs were required to be common (defined as having a minor allele frequency ≥
0.05) in public databases (e.g., HapMap). In order to ensure robust genetic association
analyses, quality control filtering of SNPs was performed. SNPs with call rates <95%, or
Hardy-Weinberg p<0.001 were excluded. As shown in Table 1, a total of 103 SNPs among
the 15 candidate genes (IFNG1: 6 SNPs, IFNGR1: 1SNP; IL1B: 12 SNPs; IL1R1: 5 SNPs;
IL1R2: 3 SNPs; IL2: 5 SNPs; IL4: 9 SNPs; IL6: 12 SNPs; IL8: 3 SNPs; IL10: 8 SNPs;
IL13: 5 SNPs; IL17A: 6 SNPs; NFKB1: 14 SNPs; NFKB2: 4 SNPs; TNFA: 10 SNPs)
passed all quality control filters and were included in the genetic association analyses.
Potential functional roles of SNPs associated with pain were examined using PUPASuite
2.0,13 a comprehensive search engine that tests a series of functional effects (i.e., non-
synonymous changes, altered transcription factor binding sites, exonic splicing enhancing or
silencing, splice site alterations, microRNA target alterations).

Statistical Analyses for the Phenotypic Data
Data were analyzed using SPSS version 18 (SPSS, Chicago, IL) and STATA Version 9
(STATA Corp). Descriptive statistics and frequency distributions were generated for sample
characteristics. Independent sample t-tests (for continuous variables), Mann-Whitney U test
(for continuous variables not normally distributed), and Chi square analyses (for categorical
variables) were used to evaluate for differences in demographic and clinical characteristics
between patients who did and did not report breast pain prior to surgery. All calculations
used actual values. Adjustments were not made for missing data. Therefore, the cohort for
each analysis was dependent on the largest set of available data between groups.

Statistical Analyses for the Genetic Data
Allele and genotype frequencies were determined by gene counting. Hardy-Weinberg
equilibrium was assessed by the Chi-square or Fisher Exact tests. Measures of linkage
disequilibrium (i.e., D’ and r2) were computed from the participants’ genotypes with
Haploview 4.2. Linkage disequilibrium (LD)-based haplotype block definition was based on
D’ confidence interval.20

For SNPs that were members of the same haploblock, haplotype analyses were conducted in
order to localize the association signal within each gene and to determine if haplotypes
improved the strength of the association with the phenotype. Haplotypes were constructed
using the program PHASE version 2.1.62 In order to improve the stability of haplotype
inference, the haplotype construction procedure was repeated 5 times using different seed
numbers with each cycle. Only haplotypes that were inferred with probability estimates of ≥
0.85, across the five iterations, were retained for downstream analyses. Only inferred
haplotypes that occurred with a frequency estimate of ≥15% were included in the association
analyses, assuming a dosage model (i.e., analogous to the additive model).

For association tests, three genetic models were assessed for each SNP: additive, dominant,
and recessive. Barring trivial improvements (i.e., delta <10%), the genetic model that best fit
the data, by maximizing the significance of the p-value was selected for each SNP. Logistic
regression analysis that controlled for significant covariates as well as race/ethnicity, was
used to evaluate the association between genotype and pain group membership. Only those
genetic associations identified as significant from the univariate analyses were evaluated in
the multivariate analyses. A backwards stepwise approach was used to create the most
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parsimonious model. Except for race/ethnicity, only predictors with a p-value of <0.05 were
retained in the final model. Genetic model fit and both unadjusted and covariate-adjusted
odds ratios were estimated using the STATA software package, version 9.61 Based on the
recommendations of Rothman,53 adjustments were not made for multiple testing.

Ancestry informative markers (AIMs) can be used as a tool to minimize confounding due to
population stratification in case-control association studies.25,28,66 Homogeneity in ancestry
among participants was verified by principal component analysis,47 using HelixTree
(GoldenHelix, Bozeman, MT). Briefly, the number of principal components (PCs) was
sought which distinguished the major racial/ethnic groups in the sample by visual inspection
of scatter plots of orthogonal PCs (i.e., PC 1 versus PC2, PC2 versus PC3). This procedure
was repeated until no discernable clustering of patients by their self-reported race/ethnicity
was possible (data not shown). The first three PCs were selected to adjust for potential
confounding due to population substructure (i.e., race/ethnicity) by including them in all
logistic regression models (described in the preceding paragraph). One hundred and six
ancestry informative markers were included in the analysis.

RESULTS
Differences in demographic and clinical characteristics between the pain groups

Of the 398 who completed the baseline assessment, 390 (98%) completed the BSQ at
enrollment. One hundred and ten women (28.2%) reported pain in their breast prior to
surgery. As shown in Table 2, no between group differences were found in education,
marital status, or living arrangements. However, women who reported pain were
significantly younger (p < 0.001) and a higher percentage of them were non-white (p=
0.018). In terms of clinical characteristics (Table 2), women in the pain group reported
significantly lower KPS scores (p = 0.008); were less likely to be post menopausal (p =
0.012), and had undergone significantly more biopsies (Mann Whitney U = 12887.0;
p=0.006).

Pain characteristics
As illustrated in Figure 1, the women with pain (n=110) reported an average pain intensity
score of 2.2 (standard deviation (SD) = 2.1) and a worst pain intensity score of 3.6
(SD=2.4). Women reported significant amounts of pain (i.e., pain that interfered with their
mood or function) for an average of 6.2 (SD=7.9) hours per day, on an average of 2.9
(SD=2.8) days per week.

Patients’ ratings of pain interference with routine activities and specific upper extremity
functions are illustrated in Figure 2. Interference ratings ranged from 2.4 (SD=2.9) (for
mood) to 0.5 (SD=1.6) (for ability to write). The mean interference score was 1.7 (SD=2.2).
Patients’ ratings on the PQAS are summarized in Table 3. The five descriptors with the
highest ratings were tender, intense, dull, unpleasant, and aching.

Patients with and without pain completed Part 1 of the BSQ. As shown in Figure 3, a
significantly higher percentage of women with breast pain prior to surgery reported swelling
(20.0% versus 3.9%), numbness (15.5% versus 0.7%), strange sensations (55.5% versus
15.4%), and hardness (36.4% versus 12.1%; all p<0.0001) in their affected breast.

Candidate gene analysis for the occurrence of preoperative breast pain
Tag SNPs spanning IFNG1, IFNGR1, IL1B, IL1R1, IL1R2, IL2, IL4, IL6, IL8, IL10, IL13,
IL17A, NFKB1, NFKB2, and TNF-A were chosen for analysis. Of those SNPs chosen, all
had genotype distributions that met Hardy-Weinberg expectations with the exception of one

McCann et al. Page 6

J Pain. Author manuscript; available in PMC 2013 May 01.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



each in IL2 and IL10, two in IL6, and seven in IL4. Because these SNPs did not meet this
quality control criterion, they were not utilized in subsequent analyses. Statistically
significant differences in minor allele distribution between the pain and no pain groups were
found for rs2110726 (p = 0.007) in IL1R1 and rs1295686 (p= 0.019) in IL13. While the pre-
specified level of significance was not reached, some SNPs had p-values that approached
significance: rs2069777 (p= 0.07) in IL2, rs2069840 (p= 0.08) in IL6, rs1800925 (p=0.08) in
IL13, and rs4711998 (p= 0.08) in IL17A.

Of note, the observation that 7 of the 9 tag SNPs selected to measure the common variability
at the IL4 gene locus failed to meet Hardy-Weinberg expectations (i.e., rs2243250,
rs2070874, rs2227284, rs2227282, rs2243266, rs2243267, rs2243274) suggested that the
allele frequencies in these SNPs might vary among the major ethnic groups found in our
sample. In fact, the minor allele frequencies of all 7 of these SNPs did vary among the ethnic
groups (data not shown). However, no evidence of association was found between these IL4
SNPs and the occurrence of preoperative breast pain within or across the population
subgroups.

As summarized in Table 1, the minor allele frequency was significantly different between
women with and without breast pain for two SNPs: IL1R1 rs2110726 and IL13 rs1295686.
For IL1R1 rs2110726, a dominant model fit the data best (p=0.007, Figure 4). For IL13
rs1295686, an additive model fit the data best (p=0.019, Figure 5). In order to better estimate
the magnitude (i.e., odds ratio, OR) and precision (95% confidence interval, CI) of the
association of genotype on pain group membership, multivariate logistic regression models
were fit that included genotype as well as age in years, ethnicity (i.e., White, Black, Asian/
Pacific Islander, Hispanic/Mixed ethnic background/Other), functional status (i.e., KPS
score), menopausal status, history of breastfeeding, and number of biopsies.

In the model fitted for breast pain prior to surgery for IL1R1 (rs2110726), genotype,
ethnicity (i.e., white (reference group), Black, Asian/Pacific Islander, Hispanic/Mixed ethnic
background/Other), and age were the only predictors retained in the final model (p<0.0001).
After controlling for age and ethnicity, carriers of the minor allele (i.e., CT + TT) had a 53%
decrease in the odds of reporting breast pain prior to surgery (95% CI: 18.5%, 73.2%,
p=0.007). After controlling for IL1R1 genotype and ethnicity, for every 5-year increase in
age, the odds of reporting breast pain prior to surgery decreased by 23% (95% CI: 12.1%,
32.0%, p<0.0001). After controlling for IL1R1 genotype and age, for individuals that self-
identified as Asian or Pacific Islander, the odds of reporting breast pain prior to surgery
decreased by 82% (95% CI: 2.1%, 96.5%, p=0.047). In the model for IL1R1, age and
genotype accounted for 8.9% of the variance in the odds of reporting breast pain prior to
surgery. Of note, the association between report of breast pain prior to surgery and the
IL1R1 two-SNP haplotype (i.e., rs2110726, rs3917332) was explained by the association
observed with rs2110726.

In the model fitted for breast pain prior to surgery for IL13 (rs1295686), genotype and age
were the only predictors retained in the final model (p<0.0001). After controlling for age,
each dose of the minor allele was associated with a 1.57 fold increase in the odds of
reporting breast pain prior to surgery (95% CI: 1.037, 2.390, p=0.033). After controlling for
IL13 genotype, for every 5-year increase in age, the odds of reporting breast pain prior to
surgery decreased by 22.6% (95% CI: 12.1%, 31.9%, p<0.001). In the model for IL13, age
and genotype accounted for 8.1% of the variance in odds of reporting breast pain prior to
surgery. Of note, the association between report of breast pain prior to surgery and the IL13
two-SNP haplotype (i.e., rs1295686, rs20541) was collinear with the association observed
with rs1295686, Therefore, this SNP could not be evaluated for its unique contribution to
the odds of reporting breast pain prior to surgery when controlling for rs1295686.
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DISCUSSION
This study is the first to describe the characteristics of preoperative breast pain in a sample
of women prior to breast cancer surgery and to evaluate for genetic variations in pro-and
anti-inflammatory genes in women who did and did not report pain. Consistent with
previous studies,14,44,63–65 over one quarter of these patients experienced pain prior to
surgery. This number is not insignificant given that in 2011 an estimated 230,480 new cases
of breast cancer will be diagnosed in the United States.59 While the worst pain scores were
in the mild to moderate range, a large amount of inter-individual variability was noted in this
sample. In fact, 36.7% of the women reported a worst pain score of ≥ 4. In addition, these
women reported that pain interfered with their activities or mood on approximately 3 days
per week for about 6 hours per day. In terms of level of interference (Figure 2), this pain had
the largest effect on patients’ mood, sleep, enjoyment of life, and ability to sleep on the
affected side. Again, a large amount of inter-individual variability was noted in patients’
interference ratings. Taken together these findings suggest that preoperative breast pain is a
significant problem for a subset of women.

Consistent with previous reports, women who reported pain were more likely to be younger1

and have poorer functional status10,39,40,69 than the no pain group. However, while the
differences in KPS scores were statistically significant, both groups of women reported high
levels of function.

Another interesting but not easily explained finding is that a higher percentage of non-white
women reported breast pain prior to surgery. While findings from several studies suggest
that members of minority groups report higher rates of chronic pain16–17 and increased
sensitivity to painful stimuli,6–8,48 other studies have not demonstrated ethnic
differences.17,38 One potential reason for the ethnic differences found in this study is that a
higher percentage of non-white women were diagnosed with more advanced disease (61%
versus 41%, p=0.035). However, stage of disease was not associated with the occurrence of
breast pain in this study. The potential link between ethnicity, stage of disease, and pain
warrants investigation in future studies. Finally, women in the pain group were less likely to
be post-menopausal, which is consistent with the younger age of this group, and the
potential effects of the menstrual cycle and estrogen upon nociception.19,42 These
demographic and clinical characteristics suggest a profile of women who are at higher risk
for pain prior to surgery.

Possible contributors to presurgical breast pain are tissue injury or nerve damage and
inflammation associated with tumor growth, the number of biopsies performed prior to
surgery, or both mechanisms. These mechanical injuries could result in the release of
inflammatory mediators. This hypothesis is supported by several findings. First, women in
the pain group reported a significantly higher number of biopsies. While the total number of
biopsies was not normally distributed, 48% of the women in the pain group compared to
only 29% in the no pain group had more than one biopsy. Unfortunately, data are not
available on the type of biopsy performed, nor when the last biopsy was performed in
relationship to completion of the enrollment questionnaire. A higher percentage of patients
in the pain group reported swelling, numbness, strange sensations and hardness in their
breasts (Figure 3). However, the exact causes for these differences are not readily apparent.
Additional analyses were done within the pain group to evaluate whether women who had
mastitis or fibrocystic disease reported higher occurrence rates for these four breast qualities.
No differences in occurrence rates were found for any of these qualities between women
with or without mastitis who reported pain in their breast prior to surgery. The same
negative findings were found for fibrocystic disease (data not shown). Of note, the pain
qualities reported by the patients with preoperative breast pain are suggestive of nociceptive
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pain rather than neuropathic pain.72 These phenotypic findings support the data from the
genomic analyses that suggest that some innate differences in inflammatory responses may
be influencing the development of pre-surgical pain in breast cancer patients.

The results of the SNP analyses suggest that variation in inflammatory pathways involving
IL1R1 and IL13 are involved in preoperative pain. In this study, carriers of the minor allele
for IL1R1 (rs2110726) had a 53% decrease in the odds of reporting preoperative breast pain.
This finding is consistent with studies of IL1 function in mice, in which removal of IL1R
function or blockade of IL1 led to a decrease in inflammation and pain behaviors.67

Additional functional studies are needed to determine if the minor allele of rs2110726 is
associated with a decrease in IL1R1 function and therefore a decrease in the pro-
inflammatory effects of IL1. The rs2110726 is in the 3’ untranslated region of the IL1R1
gene.29

This SNP analysis supports our hypothesis that genetic variation in anti-inflammatory
cytokines may be involved in the development of breast pain prior to surgery. IL13, unlike
IL1R1, is a cytokine with anti-inflammatory activity. Therefore, its role in pain may be as a
moderator of the inflammatory response. In fact, patients with chronic widespread pain
syndrome have reduced levels of a number of anti-inflammatory cytokines (i.e., IL2, IL4,
IL8, IL10).68 Furthermore, IL4,70 IL10,70 and IL1333,70 are known to have antinociceptive
effects in mice, independent of endogenous opioid release, possibly through inhibition of
TNFα and IL1β release. The SNP rs1295686 is located in intron 3 of the IL13 gene.55

Given that neither tag SNP is in a coding region of the gene nor predicted to impact gene
function (i.e., splicing, alteration of transcription factor binding sites), it is likely that each
SNP is in linkage disequilibrium with a functional SNP(s).

Several study limitations need to be acknowledged. No direct measurements of systemic
levels of inflammatory markers or physical examination for signs of inflammation at the site
were performed to provide additional data on the underlying mechanisms for the
preoperative breast pain. In addition, type of biopsy, needle size, and time since biopsy were
not obtained which would have provided additional information on the pain phenotype.
While proportions of African Americans, Asian/Pacific Islanders, and Caucasians were
more representative of the United States population than previous studies on pretreatment
breast cancer pain,44,63–65 the relatively small number of non-whites (36%) may have
limited our ability to detect genotypic differences among the various ethnic groups.
However, the rigorous approach used to control for population substructure (i.e., race/
ethnicity) makes it unlikely that the genetic associations observed are due to this important
source of confounding. Finally, future studies with a larger sample size, would increase the
power to detect differences in the other cytokine genes. This hypothesis might be true for
those SNPs in this study where genotypic differences approached statistical significance.

In conclusion, findings from this study and others44,63–65 suggest that preoperative breast
pain affects a significant proportion of patients. In addition, the genomic data support the
hypothesis that this pain problem involves inflammatory processes. This information may
help to identify women who are at greater risk for preoperative breast pain. Subsequent
studies will need to confirm these findings and evaluate the specific etiologies for this
preoperative breast pain. For example, subsequent studies could evaluate whether the
severity of pre-existing breast conditions (e.g., fibrocystic disease, mastitis), tumor
characteristics (e.g., size, specific type of breast cancer), or preoperative biopsies contribute
to the pain, numbness, hardness, and strange sensations reported by women in the pain
group. In addition, future research needs to determine whether preoperative pain influences
the severity of postoperative pain and/or the development of chronic pain following breast
cancer surgery.
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Perspective

In women with breast cancer, preoperative pain may be associated with increases in
inflammatory responses associated with an increased number of biopsies. In addition,
differences in cytokine genes may contribute to this preoperative breast pain.
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Figure 1.
Ratings of present, average, and worst pain intensity as well as number of hours per day and
number of days per week that breast pain interferes with mood and/or activities.
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Figure 2.
Ratings of pain interference items. All values are plotted as means ± standard deviations.
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Figure 3.
Differences in percentages of patients with and without pain who reported swelling,
numbness, strange sensations and hardness in their affected breast (all p < 0.0001).
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Figure 4.
Differences in the percentages of patients with and without pain who were homozygous for
the common allele (CC) or heterozygous or homozygous for the rare allele (CT + TT) for
rs2110726 in IL1RI.
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Figure 5.
Differences in the percentages of patients with and without pain who were homozygous for
the common allele (GG), heterozygous (AG), or homozygous for the rare allele (AA) for
rs1295686 in IL13.
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Table 2

Differences in Demographic and Clinical Characteristics Between Patients With (n= 110) and Without (n=
280) Breast Pain

Characteristic No pain Pain Statistic and p-value

mean (SD) mean (SD)

Age (years) 56.5 (11.8) 50.9 (9.8) t= 4.81; p< 0.001

Education (years) 15.8 (2.7) 15.4 (2.6) t= 1.42; p= 0.16

Self-administered Comorbidity Questionnaire score 4.3 (2.8) 4.2 (3.1) t= 0.40; p= 0.69

Karnofsky Performance Status score 94.0 (10.3) 90.9 (10.1) t= 2.66; p= 0.008

Number biopsies in past year 1.5 (0.8) 1.6 (0.8) U= 12887.0, p< 0.01

% (N) % (N)

Married 41.9 (117) 43.0 (46) FE; p= 0.91

Employed 48.4 (134) 50.0 (55) FE; p= 0.82

Lives alone 24.1 (67) 25.2 (27) FE; p= 0.90

Ethnicity
   White
   Black/African American
   Asian/Pacific Islander
   Hispanic and Mixed Ethnic Background

68.1 (190)
7.2 (20)
11.8 (33)
12.9 (36)

55.0 (60)
15.6 (17)
15.6 (17)
13.8 (15)

χ2= 8.82; p=0.03

Stage at diagnosis 0
          I
          IIA, IIB
          IIIA, IIIB, IIIC, IV

19.3 (54)
38.9 (109)
34.6 (97)
7.1(20)

17.3 (19)
33.6 (37)
37.3 (41)
11.8 (13)

KW; 0.40

Estrogen receptor positive 77.5 (213) 76.1 (83) FE; p= 0.79

Progesterone receptor positive 69.3 (194) 72.5 (70) FE; p= 0.62

Her2 neu positive 16.1 (40) 16.7 (17) FE; p=0.88

Post menopausal* 67.9 (186) 53.8 (57) FE; p= 0.012

Received neoadjuvant chemotherapy 21.1 (59) 17.3 (19) FE; p=0.48

Mastitis* 11.6 (32) 14.0 (15) FE; p= 0.49

Fibrocystic or cystic breast disease* 17.8 (48) 22.9 (24) FE; p= 0.31

History of breast feeding* 49.6 (138) 39.1 (43) FE; p= 0.07

Injury to affected arm* 26.1 (72) 20.2 (22) FE; p= 0.24

Injury to affected hand* 22.3 (62) 27.4 (29) FE; p= 0.35

Non-cancer surgery on the affected breast* 12.9 (36) 16.5 (18) FE; p= 0.41

Non-cancer surgery on the affected arm* 6.1 (17) 6.5 (7) FE; p= 1.00

Non-cancer surgery on the affected hand* 8.7 (24) 8.3 (9) FE; p= 1.00

Abbreviations: FE = Fisher Exact test, KW = Kruskal-Wallis, U = Mann Whitney U test

*
Percentage of patients (N) who self-reported this condition
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Table 3

Individual Item Scores* and Subscale Scores for the Pain Qualities Assessment Scale (PQAS)

Descriptor Mean (SD) Range

tender 3.62 (3.20) 0–10

intense 2.82 (2.49) 0–10

dull 2.80 (2.61) 0–10

unpleasant 2.72 (2.49) 0–10

aching 2.64 (2.83) 0–10

shooting 2.49 (2.91) 0–10

sharp 2.35 (2.77) 0–10

sensitive 1.86 (2.75) 0–10

radiating 1.67 (2.42) 0–10

heavy 1.66 (2.69) 0–10

electrical 1.62 (2.60) 0–10

throbbing 1.63 (2.63) 0–10

hot 1.52 (2.55) 0–10

itchy 1.38 (2.54) 0–10

tingling 1.35 (2.49) 0–10

cramping 1.16 (2.41) 0–10

numb 0.99 (1.99) 0–8

cold 0.36 (1.29) 0–8

Intense surface pain 2.15 (2.58) 0–10

Intense deep pain 2.92 (2.58) 0–10

PQAS subscale scores

Surface pain subscale 1.19 (1.72)

Paroxysmal pain subscale 1.95 (2.22)

Deep pain subscale 1.99 (2.07)

*
Individual item scores are listed in descending order
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