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Abstract

Background.—Persistent post-mastectomy pain (PPMP) is a significant negative outcome 

occurring after breast surgery, and understanding which individual women are most at risk is 

essential to targeting of preventive efforts. The biopsychosocial model of pain suggests that factors 

from many domains may importantly modulate pain processing and predict the progression to pain 

persistence.

Methods.—This prospective longitudinal observational cohort study used detailed and 

comprehensive psychosocial and psychophysical assessment to characterize individual pain­

processing phenotypes in 259 women preoperatively. Pain severity and functional impact then 

were longitudinally assessed using both validated surgery-specific and general pain questionnaires 

to survey patients who underwent lumpectomy, mastectomy, or mastectomy with reconstruction 

in the first postsurgical year. An agnostic, multivariable modeling strategy identified consistent 

predictors of several pain outcomes at 12 months.

Results.—The preoperative characteristics most consistently associated with PPMP outcomes 

were preexisting surgical area pain, less education, increased somatization, and baseline sleep 

disturbance, with axillary dissection emerging as the only consistent surgical variable to predict 

worse pain. Greater pain catastrophizing, negative affect, younger age, higher body mass index 
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(BMI), and chemotherapy also were independently predictive of pain impact, but not severity. 

Sensory disturbance in the surgical area was predicted by a slightly different subset of factors, 

including higher preoperative temporal summation of pain.

Conclusions.—This comprehensive approach assessing consistent predictors of pain severity, 

functional impact, and sensory disturbance may inform personalized prevention of PPMP and also 

may allow stratification and enrichment in future preventive studies of women at higher risk of this 

outcome, including pharmacologic and behavioral interventions and regional anesthesia.

Breast cancer is diagnosed for more than 250,000 women in the United States annually, and 

most of these women require at least one surgical procedure.1 Persistent post-mastectomy 

pain (PPMP) is increasingly recognized as an important problem2 after mastectomy and 

lumpectomy.3–8 Likely due to the lack of a widely accepted definition, the reported 

incidence of PPMP varies from 20 to 65%. Past studies have used yes/no dichotomization, 

have included any level of pain severity (≥ 1/10),9–12 or have included only moderately 

intense pain as PPMP (≥ 3/10 or ≥ 4/10 pain).5,13–17 Although dichotomizing pain is 

appealingly simple, it eliminates important information about pain severity and decreases the 

power to test associations sensitively with risk factors and treatments.

The biopsychosocial model of pain implicates a broad array of characteristics as important 

modulators of pain.18,19 In the context of postmastectomy pain, the contributions of disease 

characteristics, treatment differences, and individual biologic, psychological, and social 

factors have previously been investigated.20–24 Together, these factors may meaningfully 

contribute to the development, maintenance, and impact of persistent pain states,20 including 

PPMP.22 The use of a comprehensive biopsychosocial model may capture the complexities 

of pain and provide insight into why pain varies between individuals. Furthermore, it may 

serve as a useful taxonomy for investigating acute24,25 and chronic pain after breast surgery.

Some biologic variables previously associated with PPMP are younger age,3,26–35 

genetics,9,36–38 and surgical factors such as type of procedure,39,40 especially axillary 

dissection.3,7,10,12,16,26,27,41 Psychophysical differences in pain processing between 

individuals can be assessed using quantitative sensory testing (QST).42 Previously, QST 

measures have predicted acute24,43,44 and persistent4,11,45,46 postsurgical pain.

Psychosocial factors also have been associated with PPMP.5,22 Anxiety and depression 

have been most commonly examined,2,47,48 but higher pain catastrophizing, somatization, 

negative affect, and sleep disturbance also have been associated with greater 

PPMP2,5,6,8,14,21,31,39,40,42,47,49–55 and psychological resilience with less PPMP.4,5,10,12,37 

Social factors, although less well studied, may include sociodemographic variables including 

lower education56 and social engagement.

Importantly, few studies have simultaneously and preoperatively evaluated the 

comprehensive range of biopsychosocial variables in the prediction of PPMP. This study 

aimed to do just that using well-validated, brief measures at the time of surgical/anesthetic 

planning and then subsequently measuring multiple meaningful general and surgery-specific 

pain outcomes in the first year after surgery. The study aimed examine important 

associations between biopsychosocial predictors and PPMP that may help to explain the 
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variation observed between individuals, and to develop and internally validate multivariable 

models for predicting measures of pain severity and impact 12 months after mastectomy.

METHODS

Description of the Cohort

This prospective, observational longitudinal cohort study was approved by the institutional 

review board, and patients were recruited from the preoperative anesthesia clinic from 

September 2014 to October 2017 at a single academic medical center. The eligibility criteria 

specified women 18–80 years old scheduled to undergo breast surgery, English proficiency, 

and no cognitive impairments interfering with questionnaire completion.

Data Collection

After providing informed consent, the patients underwent brief bedside QST in nonsurgical 

areas (hands, extensor forearm, and trapezius). Validated questionnaires assessing 

psychosocial phenotypes, demographics, and pain at surgical sites and other body areas 

were sent to patients via an emailed link to a secure data entry system (Redcap) for them 

to complete before their scheduled surgery. Previous reports from this cohort on acute 

postsurgical pain and opioid use (up to 2 weeks after surgery)24,57 and 6-month preliminary 

postsurgical outcomes58 have been published.

Surgical and Treatment Variables

Clinical and pathologic factors as well as procedure details including type, laterality, 

duration, reconstruction type, axillary procedure, and subsequent surgeries or complications 

were extracted from patient medical records 1 year postoperatively. Breast surgical extent 

was categorized as breast-conservation surgery (partial mastectomy or excisional biopsy), 

mastectomy, or mastectomy with reconstruction. Axillary surgical extent was evaluated 

independently and categorized as 0 (no axillary surgery), 1 (sentinel lymph node biopsy 

[SLNB]), or 2 (axillary lymph node dissection [ALND]). The patients who underwent 

ALND after index surgery were recategorized in the ALND category. Similarly, the patients 

who underwent subsequent total mastectomy after a lumpectomy were recategorized in the 

total mastectomy category. The patients electronically reported their use of other breast 

cancer treatment or treatments including radiation, chemotherapy, or endocrine therapy 1 

year after surgery.

Perioperative Care and Analgesic Use

The majority of the patients received general anesthesia, and regional anesthesia 

(ultrasound-guided thoracic paravertebral block, proximal intercostal block, and/or 

pectoralis nerve block) was offered preoperatively to most of the patients undergoing 

total mastectomy depending on regional anesthesia availability and surgeons’ preferences. 

Additional intra- and postoperative analgesics including opioids, celecoxib, ketamine, and 

acetaminophen were administered according to anesthesia and surgical provider preference.
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Psychosocial Assessment

Psychosocial measures previously associated with persistent pain in a retrospective cohort5 

and those with strong psychometric properties and brevity were selected.24 The Pain 

Catastrophizing Scale (PCS),59 was used to measure pain-associated catastrophic thinking. 

Depressive symptoms, anxiety, and sleep disturbance were assessed using the NIH Patient­

Reported Outcomes Measurement Information System (PROMIS) short form.60 The Brief 

Symptom Index 18-Somatization Scale61 was used to measure somatization. The Positive 

Affect Negative Affect Scale (PANAS)62 was used to assess affect, and preferences for 

coping strategies were measured using the short-form Coping Strategies Questionnaire 

(CSQ).54,63

Psychophysical Assessment

Psychophysical assessment of baseline general pain sensitivity involved two brief, portable 

QSTs. Temporal summation of pain (TSP) and painful after-sensations (PAS) of mechanical 

pinprick pain were assessed with standardized weighted pinprick applicators using methods 

described by Rolke et al.42 and in our previous studies.4,24,25 Pressure pain threshold and 

tolerance were assessed using a digital pressure algometer (Wagner FDX, Greenwich, CT, 

USA) with a flat round transducer (probe area, 0.785 cm) bilaterally on the dorsal aspect 

of the proximal forearm approximately 3–4 cm distal to the elbow crease (extremity site) 

and over the trapezius muscle at the upper back approximately 2–3 cm above the scapular 

spine midway between the C7 prominence and humeral head (truncal site), as in previous 

studies.4,24,25

Pain Assessment

Persistent pain was measured at 2 weeks, then at 3, 6, and 12 months using the extended 

version of a surgery-specific questionnaire, the Breast Cancer Pain Questionnaire (BCPQ) 

(Appendix A), first developed by Gartner et al.3 and used in subsequent studies.47,49,64–71 

The BCPQ queries patients about pain severity (scores 1–10) and frequency (scores 

5 [constantly], 4 [daily], 3 [occasionally], 2 [weekly], 1 [monthly], and 0 [never]) in 

four surgically related body areas (breast, axilla, chest wall, arm). As in our previous 

studies,4,5,25 a Pain Severity Index (PSI) score was calculated using the following equation:

PSI = Σ(pain score at each site [0 – 10])
× (frequency [1 – 5]) .

The BCPQ includes questions about the impact of surgical pain on physical activities 

relevant to the body area (Physical Impact of Pain), the impact of surgical pain on cognitive 

and emotional functioning (Cognitive & Emotional Impact of Pain), and sensory disturbance 

in the surgical area, including both negative (numbness) and positive (burning) alterations in 

sensation (Sensory Disturbance).17

To promote generalizability to other surgical and nonsurgical pain samples, the patients also 

completed the widely used and well-validated Brief Pain Inventory (BPI),72 wherein the 

average of the current, worst, least, and average pain ratings in the preceeding week produce 

the BPI Severity, and other questions evaluate pain intereference (BPI Interference).
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Statistical Approach

Patient demographic, psychosocial, psychophysical, and pain outcome characteristics were 

summarized using frequencies and percentages, mean and standard deviations, or medians 

with interquartile ranges. To maximize power in the analyses, all pain outcomes were 

measured using a continuous scale reflective of the nonbinary nature of pain.

Uni- and multivariable analyses were modeled for several different pain outcomes, described 

earlier (Pain Severity Index, Physical Impact of Pain, Cognitive & Emotional Impact of 

Pain, Sensory Disturbance, BPI Severity, and BPI Interference). Candidate predictors were 

identical for all outcomes except the preoperative pain measure, which was provided from 

the corresponding baseline questionnaire (BCPQ or BPI).

In the univariable analysis, bivariable associations between all candidate predictors and 

each outcome were run using simple linear regression. Multivariable prediction models 

for outcomes were developed using linear regression with the least absolute shrinkage 

and selection operator (LASSO), a penalized regression method appropriate for preventing 

overfitting while creating a parsimonious model.73 The study assessed LASSO model 

discrimination via root mean square error (RMSE), a measure of the average magnitude 

of the difference between observed pain severity and impact scores 12 months after 

mastectomy and scores predicted by the model.

Internal model validation was performed using 100 bootstrap samples with the incorporation 

of multiple imputation (described later) to obtain optimism-corrected estimates of the RMSE 

and shrinkage factors while accounting for missing data.52,74 The shrinkage factor was 

estimated as the average slope obtained by regressing the observed scores for the original 

development sample on their predicted scores using models built on each bootstrap sample. 

Recalibration of the models using the shrinkage factor did not improve model RMSE 

or calibration, so original model coefficients are presented. Further, alternative modeling 

approaches (e.g., negative binomial regression) did not improve model discrimination or 

calibration or decrease heteroscedasticity of model residuals, so linear regression was chosen 

as the final approach.

To account for missing data, all models were built and internally validated using datasets 

imputed via the method of multivariate imputation by chained equations.75 Specifically, 

predictive mean matching and logistic regression were used to impute continuous and 

categorical variables, respectively, to create 40 complete datasets per original and bootstrap 

sample. To allow for a single set of model predictors to be selected across all imputed 

datasets, MI-LASSO, a group LASSO method, was used.76 Imputation models included 

corresponding outcome values measured at baseline, then at 6 months and 12 months.

Other variables included in the imputation model were selected based on maximizing the 

correlation with the variable imputed, as well as the proportion of cases with observed 

values on both the predictor and imputed variable. Beta coefficients, RMSE, and calibration 

metrics were calculated for each of the 40 imputed datasets and combined using Rubin’s 

rules.
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To determine sample size, we used data from our previous study,4,5 in which approximately 

35% of the patients experienced persistent post-mastectomy pain longer than 1 year after 

mastectomy (defined in that study as pain ≥ 3/10). We calculated effect sizes for predictor 

variables and determined that 200 patients would provide 80% power at a two-sided alpha 

level of 0.05 to detect effect sizes of 0.40 or greater. Statistical analyses were performed 

using the SAS software version 9.4 (SAS Institute Inc, Cary, NC, USA) and R version 3.6.1 

(R Foundation for Statistical Computing, Vienna, Austria).

RESULTS

Study Participants

The baseline biopsychosocial assessments were completed by 259 patients, and 201 patients 

recruited from a single academic medical center completed the BCPQ at 1 year (Fig. 1). All 

the subjects were women, predominantly Caucasian (86.4%) with a mean age of 55.5, and 

76% reported a college degree or higher (Table 1).

Surgical, Medical, and Anesthetic Treatment

The surgical indications were invasive cancer (77%), ductal carcinoma in situ (15%), 

prophylactic mastectomy (4.5%), and benign lesions (3.5%). The patients underwent a 

range of surgical procedures including breast-conserving surgery (54%) and mastectomy 

(46%), reconstruction involving tissue expander placement/implant (28%) or autologous 

reconstruction (8% deep inferior epigastric artery perforator [DIEP] or transverse rectus 

abdominis [TRAM] flap), sentinel lymph node biopsy (63%), and ALND (16%) (Table 1). 

Subsequent surgery after the index surgery was performed for 48 patients (18.5%), with 25 

(52%) of these surgeries occurring within the first 3 months and 43 (90%) occurring within 

6 months after the index surgery. Additional medical treatment of breast cancer included 

radiation (57.3%), chemotherapy (35.9%), and endocrine therapy (49.6%). The majority 

(96%) of the patients received general anesthesia for surgery. Of the patients who had total 

mastectomy, 44% also received regional anesthesia.

Pain Locations Over Time

Figure 2 depicts the number of surgically related body areas with pain reported at each 

time point (Fig. 2a). Similar to previous studies,3,41 pain in the breast, axilla, or both was 

most commonly reported (Fig. 2b). Mild preoperative breast pain was common (38%), but 

surgery-related locations had notably higher pain prevalence and severity after surgery.

Incidence of PPMP and Pain Severity Index

To compare longitudinal prevalence of PPMP with rates reported in previous studies, we 

dichotomized PPMP using various cutoffs (≥ 1/10, ≥ 3/10, ≥ 5/10) to define PPMP (Fig. 3a). 

Approximately one third of the patients reported a pain level of 3/10 or higher in at least one 

body area, a proportion that remained constant at 3, 6, and 12 months.

To capture pain severity more thoroughly, we examined patients’ Pain Severity Index (PSI) 

scores, which encompass pain severity, frequency, and number of body areas affected.4,5,25 

Schreiber et al. Page 6

Ann Surg Oncol. Author manuscript; available in PMC 2021 September 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



The magnitude and time course of PSI varied between patients, with the highest values 

observed 2 weeks after surgery and stable values after 3 months (Fig. 3b).

Assessment of Pain Impact and Sensory Disturbance

The physical, cognitive, and emotional impact of pain was highest 2 weeks after surgery, 

with lower, relatively stable mean impact scores across the 3-, 6-, and 12-month time points 

(Appendix 2, Fig. 6). Notably, the impact on cognitive and emotional functioning appeared 

more sustained beyond 2 weeks than the impact on physical functioning. As with PSI, 

a large amount of inter-individual variability in pain impact scores was observed, with 

a proportion of patients still reporting a substantial impact of pain at later time points 

(Appendix 2, Fig. 6b). Sensory disturbance remained relatively consistent across time 

(Appendix 2, Fig. 6c). Sensory disturbance scores were moderately correlated with pain 

severity and impact outcomes (Spearman’s rho, 0.41–0.68; p < 0.001). The BPI severity and 

interference scores were moderately to highly correlated with, but not identical to, the BCPQ 

Pain severity and impact scores (Appendix 3).

Association of Variables with Persistent Pain at 12 Months

Our prediction analysis focused on 12 months to avoid potentially confounding effects of 

radiation treatment (56% of the patients), subsequent surgical interventions (18.5% of the 

patients), or both that could lead to acute pain exacerbation, potentially confounding PPMP 

assessment at 3 and possibly 6 months.

Simple Univariable Associations of Preoperative Factors with Pain Outcomes at 12 Months

Factors were assessed for association of several PPMP outcomes at 12 months, including 

breast surgery-specific (BCPQ) and general (BPI) pain severity as well as impact measures 

(Table 1). The overlap of these associations is illustrated in a matrixed Venn diagram (Fig. 

4). The factors associated with many outcomes (at the intersection of circles) included 

preexisting pain in surgical areas or elsewhere, ALND, chemotherapy, higher BMI, lower 

education, and higher sleep disturbance, somatization, pain catastrophizing, and negative 

affect. Several factors were associated with only some PPMP outcomes, including less 

exercise, radiation, higher depression and anxiety, younger age, greater weekly alcohol use, 

and baseline opioid use. The only QST associated with PPMP outcomes was temporal 

summation of pain, but only for sensory disturbance/neuropathic type pain in the surgical 

area.

Multivariable Prediction of Persistent Pain Outcomes at 12 Months

Given that many of the predictor variables were highly correlated, we next assessed them 

within a combined prediction model (multivariable prediction analysis) using LASSO 

(Table 2). The variables that independently and consistently contributed to prediction of all 

outcomes were preoperative pain, education, and sleep disturbance (Fig. 5). Other relatively 

consistent predictors were greater somatization, preoperative pain in other body areas, and 

baseline opioid use. Greater pain catastrophizing and negative affect, younger age, higher 

BMI, and chemotherapy were predictive of only pain impact, whereas ALND was predictive 
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of both BCPQ pain severity and impact. Greater breast surgical extent was not predictive of 

pain severity or impact.

Internal Validation of Models

Multivariable prediction models were internally validated via bootstrapping, and the 

accuracy of prediction (observed vs predicted values for each patient) was shown in 

scatterplots (Fig. 5). The most accurate prediction was observed for the BCPQ Cognitive 

and Emotional Impact of Pain (13% average difference between predicted and observed 

scores) compared with the less accurate predictions of pain severity (17% for PSI and 22% 

for BPI; Fig. 5) and sensory disturbance (22%; Appendix 4).

Analgesic Use

Opioid use 12 months after surgery was extremely uncommon. Only 8 (4%) of 201 patients 

reported taking any opioids, with only 5 (2.5%) of the 201 patients taking opioids for pain in 

the surgical area, thus precluding meaningful analysis of predictors of this outcome.

DISCUSSION

Previous studies have rarely evaluated all known pain modulators (demographic, 

biophysical, psychosocial) simulataneously and prospectively in a rigorous longitudinal 

assessment of diverse pain outcomes (severity, physical, cognitive and emotional functional 

impact, and sensory disturbance). This prospective longitudinal study examined associations 

between a comprehensive set of preoperative predictors and PPMP 12 months after surgery.

Using robust and agnostic modeling approaches, we developed reduced predictive models. 

The consistent independent predictors were preoperative pain, younger age, ALND, 

lower education, BMI, sleep disturbance, and the psychosocial variables somatization, 

catastrophizing, and depression. Notably, breast surgical extent (e.g., mastectomy vs breast­

conserving surgery) or presence of reconstruction were absent from this list of predictors. 

Many predictors associated with greater pain severity and impact were consistent with those 

of previous studies.8,22,48

Our multivariable analysis yielded several notable findings. First, preoperative pain in the 

breast was found to be one of the strongest, most frequently selected predictors of PPMP. 

Preoperative surgery-specific site pain has rarely been reported in previous studies because 

it is seldom prospectively assessed with a rigorous, surgery-specific questionnaire. We 

observed a relatively high prevalence of at least mild pain among the participants at baseline 

(40%, Fig. 3a). Given that most of the participants in the study had a breast biopsy as 

part of their diagnostic workup in the month before surgery, it is conceivable that the 

high prevalence of breast pain may have resulted from the biopsy. However, future studies 

are needed to further explore the prevalence and duration of preoperative breast pain. 

Importantly, the severity, frequency, and number of pain locations increased substantially 

after surgery (Fig. 3b). Most, if not all, of the previous studies found that acute postoperative 

pain is a predictor of subsequent pain. Although inclusion of acute postoperative pain in 

prediction models may increase the accuracy of prediction, this pain score is not accesible 

preoperatively, making it a less useful predictor for surgical and anesthetic planning.
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Second, the only surgical variable consistently associated with PPMP was ALND, congruent 

with previous findings,3 including our own studies, that did not detect a greater incidence 

of PPMP with mastectomy than with breast-conserving surgery, and a recent metaanalysis 

concluding that breast reconstruction was not associated with greater pain persistence.77 

Axillary dissection has consistently been associated with persistent pain3,7,10,12,16,26,27,37,41 

and sensory dysfunction,78 particularly in the distribution of the intercostobrachial nerve 

(ICBN).

Third, and somewhat surprisingly, baseline sleep disturbance was a consistent independent 

predictor of both pain severity and pain impact. Previous evaluations identified preoperative 

fatigue and sleep as important predictors of PPMP,55 which together with our findings 

bolsters the utility of sleep disturbance as a predictor and target of future study. The 

relationship between sleep and pain likely is bidirectional, with pain itself also disturbing 

sleep.50,79,80 Evidence for this self-reinforcing maladaptive spiral has been noted among 

patients with cancer,53,81 and both pharmacologic and behavioral interventions to improve 

sleep have been associated with chronic pain improvement.82

Fourth, psychosocial variables, including catastrophizing, anxiety, and depression, were 

more consistently predictive of pain impact than pain severity. Although this association 

does not constitute a causal link, some evidence is emerging that behavioral interventions 

directed at these factors in the peri- and postoperative period may improve pain.83–86 

Morevover, although decisions about surgical procedure may not be negotiable, modification 

of the psychological health of patients with breast cancer through behavioral interventions 

and acquisition of coping strategies pre-surgically has essentially no downside. Similarly, 

social factors, including peer support and group interventions, have shown efficacy in 

lessening pain impact.87,88

Fifth, despite our previous findings that QST-assessed temporal summation of pain (TSP) 

predicts acute pain after mastectomy24 and total knee arthroplasty,43 TSP did not emerge as 

a significant associate or predictor of pain severity or pain impact in the current study. Our 

previous cross-sectional study observed an association of several QSTs (lower pressure pain 

threshold and higher TSP) with PPMP,4,11 similar to findings of a large cohort with orofacial 

pain.89 Mechanical pain sensitivity may increase for patients who experience persistent pain, 

such that cross-sectional studies observe these associations, whereas preoperative testing is 

less predictive.

Although some previous studies have examined pain impact, usually as a secondary 

outcome, it has rarely been used as a criterion to define which predictors are most important. 

Assessing the functional impact of pain has been recognized in consensus guidelines as 

crucial to the study of acute4 and chronic90 pain. Differential prediction of pain severity 

and impact may be an important consideration because most patients and clinicians are 

interested in whether post-surgical pain has a meaningful impact on patient quality of life, 

including physical and mental functioning, relationships, and employment. Interestingly, 

the independent predictors of the impact of pain included more psychosocial variables, 

preoperative opioid consumption, and younger age.
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Some important limitations of this study should be noted. First, the patients who 

declined participation in ths study often cited feeling overwhelmed, perhaps leading to 

an underestimation of anxiety and catastrophizing, reflected by the lower scores on these 

measures than in previous cohorts. Second, the low number of non-white participants 

precluded a meaningful estimation of race as a risk factor. Third, the low rate of opioid 

use at 12 months, although generally encouraging, limited our ability to discern risk factors 

for this outcome. Previous work has demonstrated that higher anxiety and depression may be 

risk factors for opioid use,51 and our previous analysis showed sleep disturbace and TSP to 

be important predictors for opioid use at 2 weeks.24

The discernment of interindividual differences that predict risk of outcomes such as chronic 

pain is critically important to the development of personalized medicine. Even if perfect 

prediction is not possible, discernment of somewhat higher potential risk for persistent pain 

may help patients weigh the risks and benefits of surgery if other management options are 

available.

This study showed that the most consistent biopsychosocial predictors of PPMP are 

preoperative pain, lower education, sleep disturbance, and somatization, with axillary lymph 

node dissection and chemotherapy also playing an important role. Other important and 

potentially modifiable factors may include preoperative opioid use, sleep disturbance, and 

psychosocial state (catastrophizing, affect and depressive symptoms), many of which appear 

to predict the impact of pain better than severity. Recognition of these factors may help to 

identify patients most likely to benefit from preventive interventions that appear promising, 

including pharmacologic and behavioral interventions and regional anesthesia, and to inform 

definitive testing and efficient targetting of preventive therapies in future trials.
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APPENDIX 1 BREAST CANCER PAIN QUESTIONNAIRE
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APPENDIX 2

See Fig. 6.

FIG. 6. 
Longitudinal functional pain outcomes: functional impact of pain and sensory disturbance 

in the first year after breast surgery. a Extent of surgical area pain impact on patients’ 

daily physical functioning. b Extent of surgical area pain impact on patients’ cognitive and 

emotional functioning. c Extent of neuropathic-type sensory disturbance in surgical areas
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APPENDIX 3

See Table 3.

TABLE 3

Correlation between scores from the Breast Surgery Specific Questionnaire (BCPQ) and 

General Pain Questionnaire (BPI)

General Pain Questionnaire

Baseline 2 weeks 6 months 1 year

BPI 
Mean

BPI 
Interference

BPI 
Mean

BPI 
Interference

BPI 
Mean

BPI 
Interference

BPI 
Mean

BPI 
Interference

Breast 
Surgery 
Specific 

Questionnaire

Baseline

Pain 
Severity 
Index

0.335* 0.331* 0.402* 0.341* 0.357* 0.243* 0.273* 0.215*

Cog/
Emot 
Impact

- - - - - - - -

Physical 
Impact

0.451* 0.419* 0.276* 0.206* 0.355* 0.325* 0.407* 0.388*

2 weeks

Pain 
Severity 
Index

0.189* 0.247* 0.710* 0.623* 0.383* 0.405* 0.365* 0.349*

Cog/
Emot 
Impact

0.145 0.233* 0.533* 0.745* 0.299* 0.447* 0.315* 0.407*

Physical 
Impact

0.082 0.161 0.599* 0.740* 0.328* 0.435* 0.262* 0.333*

6 
months

Pain 
Severity 
Index

0.270* 0.277* 0.491* 0.406* 0.639* 0.567* 0.362* 0.300*

Cog/
Emot 
Impact

0.154 0.227* 0.470* 0.586* 0.491* 0.659* 0.326* 0.380*

Physical 
Impact

0.302* 0.333* 0.466* 0.511* 0.614* 0.727* 0.394* 0.469*

1 year

Pain 
Severity 
Index

0.232* 0.273* 0.427* 0.355* 0.518* 0.425* 0.602* 0.408*

Cog/
Emot 
Impact

0.267* 0.352* 0.449* 0.528* 0.435* 0.582* 0.528* 0.606*

Physical 
Impact

0.248* 0.307* 0.376* 0.397* 0.495* 0.561* 0.568* 0.630*

Scores from the breast surgery specific questionnaire (BCPQ) and the general pain questionnaire (BPI) were significantly 
correlated at each time point they were assessed. Cognitive/Emotional impact was not assessed at baseline.
*
Spearman correlation is significant at the 0.01 level (2-tailed)

BCPQ=Breast Cancer Pain Questionnaire; BPI=Brief Pain Inventory; Cog/Emot Impact= Cognitive & Emotional impact

APPENDIX 4

See Table 4.
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TABLE 4

Performance of multivariable linear regression models for predicting pain severity and 

impact outcomes 1 year after mastectomy

Surgery specific pain outcomes: Breast Cancer Pain 
Questionnaire (BCPQ)

General pain outcomes: 
Brief Pain Inventory (BPI)

Pain 
Severity 
Index

Cognitive 
emotional 
impact

Physical 
impact

Sensory 
disturbance

BPI mean BPI 
impairment

(0–200, higher 
is worse)

(14–56, 
higher is 
worse)

(0–38, higher 
is worse)

0–8 (higher 
is worse)

(0–10, higher is 
worse)

(0–100, 
higher is 
worse)

RMSE

Apparent 16.69 4.85 3.75 1.65 1.30 14.87

Optimism-
corrected

18.35 5.20 4.01 1.75 1.44 16.42

%RMSE (error 
as % of 
reported scores 
range)

17.64 13.34 20.06 21.91 22.16 19.78

Calibration

Intercept −0.47 −4.08 −0.48 −0.57 −0.16 −0.71

Slope 1.04 1.21 1.14 1.22 1.11 1.05

RMSE is a measure of the average magnitude of the difference between observed vs. predicted scores. Apparent 
RMSE reflects predictive performance on the model development sample, while optimism-corrected RMSE (estimated 
via bootstrapping) is adjusted to better estimate performance on future samples. The shrinkage factor, a measure of 
model calibration, was estimated as the average slope of the regression line between the observed scores for the original 
development sample vs. their predicted scores using models built on each bootstrap sample

RMSE root mean square error
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FIG. 1. 
Study flow/consort diagram. Patients scheduled for breast surgery were approached at the 

anesthesia preoperative clinic and completed baseline and follow-up testing as indicated. 

The n listed is for the Pain Severity Index; n for completion of other pain outcomes. 

Physical Impact of Pain, Cognitive & Emotional Impact of Pain, Sensory Disturbance, 

Brief Pain Inventory (BPI) severity, and BPI interference ranged between 181 and 200, 

as indicated in Table 1. Subjects initially completing the baseline questionnaires who 

subsequently dropped out of the study did not differ from those not completing the 12-month 

questionnaires in terms of basic demographics or baseline psychosocial, psychophysical, or 

pain characteristics
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FIG. 2. 
Longitudinal location and frequency of pain after breast surgery. Patients completed the 

Breast Cancer Pain Questionnaire at baseline and several times postoperatively. a Patient 

indication of pain in any of the four surgically related areas assessed. Pie charts show the 

number of surgically related body locations with some pain at each time point. b Proportion 

of patients reporting pain in each of the four specified surgically related areas across time
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FIG. 3. 
Pain Prevalence and Pain Severity Index. Patients completed the Breast Cancer Pain 

Questionnaire and indicated the severity and frequency of pain in surgically related body 

areas. a Patient rating of pain severity on a scale of 0–10. Nested bar graphs depict the 

prevalence of subjects reporting pain with various cutoffs (≥ 1, ≥ 3, ≥ 5/10) defining 

a clinically meaningful severity of pain. The highest rates and largest number of areas 

were reported at 2 weeks, and prevalence remained relatively consistent for 3 months and 

longer. b Distribution of subjects’ scores on the Pain Severity Index (PSI), which estimates 

the extent of surgical pain using severity, frequency, and area according to the following 

formula: PSI = Σ pain score at each site (0–10) × frequency (0–5). The frequency was scored 

as follows: 5 (constantly), 4 (daily), 3 (occasionally), 2 (weekly), 1 (monthly), and 0 (never), 

with a possible range of 0–200
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FIG. 4. 
Univariate association of preoperative factors with pain outcomes. Factors significantly 

associated with at least one of the four main pain outcome types are shown, with factors 

associated with multiple outcomes falling within the overlapping areas. The top circles 

show the breast surgery-specific questionnaire (Breast Cancer Pain Questionnaire [BCPQ]) 

outcomes, and the bottom circles show the general pain questionnaire (BPI) outcomes. The 

circles on the left show the pain severity outcomes, and the circles on the right show the pain 

impact measures. ↑, higher value associated with higher pain; ↓, lower value associated with 

higher pain; ALND, axillary lymph node dissection; BMI, body mass index; SLNB, sentinel 

lymph node biopsy
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FIG. 5. 
Predictors of persistent post-mastectomy pain (PPMP) at 12 months selected by least 

absolute shrinkage and selection operator (LASSO). Significant independent predictors 

of pain outcomes retained after multivariable regression with LASSO are shown. Surgery­

specific questionnaire outcomes (top), general pain questionnaire outcomes (bottom), 

severity-related outcomes (left), and impact-related outcomes (right) are depicted, with 

factors most consistently associated across outcomes found in the intersection of circles. 

The diagonal line indicates perfect prediction. The average difference between the predicted 

and observed values for the subjects (%RMSE) was calculated, with lower values indicating 

better prediction. The model fit comparing predicted and observed values (scatterplots) is 

shown for each outcome, with the average percentage difference between predicted and 

observed values reported (%RMSE = RMSE/observed range of scores *100). The %RMSE 

was calculated by dividing the RMSE by the actual score range observed for the outcome. ↑, 

higher value associated with higher pain; ↓, lower value associated with higher pain; ALND, 

axillary lymph node dissection; BMI, body mass index; %RMSE, %Root mean squared 

error
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