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Levine?, Deborah Hamolsky?, Judith A. Luce?, Kord M. Koberl, John M. Neuhaus?, Bruce
A. Cooperl, Bradley E. Aouizeratl4, and Christine Miaskowskil

1School of Nursing, University of California, San Francisco, California
2School of Medicine, University of California, San Francisco, California
SRedwood Regional Oncology Group, Santa Rosa, California

4Institute for Human Genetics, University of California, San Francisco, California

Abstract

Persistent pain following breast cancer surgery is well-documented. However, it is not well
characterized in terms of the anatomic site effected (i.e., breast, arm). In two separate growth
mixture modeling analyses, we identified subgroups of women (n=398) with distinct breast pain
and arm pain trajectories. Based on the fact that these latent classes differed by anatomic site,
types if tissue affected, and neural innervation patterns suggests the need for separate evaluations
of these distinct persistent pain conditions. Purposes of this companion study were to identify
demographic and clinical characteristics that differed between the two arm pain classes and
determine if differences existed over time in sensitivity in the upper inner arm and axillary lymph
node dissection (ALND) sites, pain qualities, pain interference, and hand and arm function; as well
as to compare findings with persistent breast pain. Higher occurrence rates for depression and
lymphedema were found in the Moderate Arm pain class. Regardless of pain group membership,
sensory loss was observed in the upper inner arm and ALND site. Arm pain was described
similarly to neuropathic pain and interfered with daily functioning. Persistent arm pain was
associated with sustained impairments in shoulder mobility.

Perspective: For persistent breast and arm pain, changes in sensation following breast cancer
surgery were notable. Persistent arm pain was associated with sustained interference with daily
functioning and upper body mobility impairments. Long-term management of persistent pain
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following breast cancer surgery is warranted to improve the quality of survivorship for these

women.

Keywords

arm pain; breast cancer surgery; pain qualities; pain interference; range of motion; grip strength;
sensory changes; persistent pain; chronic pain

INTRODUCTION

The occurrence of persistent pain following breast cancer surgery is a well-documented pain
condition. This pain, which can occur in the breast and/or upper extremity, affects 25% to
60% of patients.2* However, considerable variation in the precise definition of this pain
condition has limited the identification of definitive risk factors.! Several studies evaluated
for changes in sensation and upper extremity mobility following breast cancer surgery. In
general, sustained impairments in mobility and a high prevalence of sensory loss were
found, particularly following axillary lymph node dissection (ALND).5:7-8:12-15.23 However,
changes in sensations and mobility associated with persistent arm pain were not evaluated.
In fact, little is known about the qualities of persistent arm pain; as well as its association
with changes in sensation, daily functioning, muscle strength, and shoulder mobility.

In an effort to better characterize this complex and persistent pain condition, our research
team evaluated worst pain trajectories in the breast and arm/shoulder (referred to as “arm
pain” in the remainder of this paper) as distinct persistent pain conditions in a sample of
women (n=398) followed prospectively for six months after breast cancer surgery.17-18
These separate assessments of arm versus breast pain were designed purposefully to be
comparable so that differences in persistent pain between these two distinct anatomic sites
(e.g. different tissue types, different innervation patterns) could be evaluated.

Using growth mixture modeling (GMM), distinct subgroups of women who reported similar
worst pain trajectories were identified. For the breast pain analysis, four distinct subgroups
(32% No Pain; 43% Mild Pain; 13% Moderate Pain; 12% Severe Pain) were identified.1’
For the arm pain analysis, only three distinct subgroups (42% No Pain; 23% Mild Pain; 35%
Moderate Pain) were identified.18 Of note, only 20% of these patients were classified in the
No Pain groups for both breast and arm pain. Given the differences in tissue types and
neural innervation patterns in breast tissue and in the area of the sentinel lymph node biopsy
or ALND (i.e., axilla), as well as the differential classification of patients based on separate
GMM analyses of persistent breast and arm pain, we hypothesized that these two pain
conditions would have distinct phenotypic characteristics.

In fact, in the initial publications that included the No Pain Groups,17:18 a number of
demographic and clinical characteristics were significantly associated with both breast and
arm pain group membership (e.g., age, education, functional status, comborbidity scores,
occurrence of preoperative breast pain). However, several clinical characteristics
differentiated between the breast and arm pain classes. For example, preoperative numbness
and hardness in the breast, comorbid hypertension and rheumatoid arthritis, receipt of
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radiation therapy, and re-excision/mastectomy within six months after surgery differentiated
among the breast pain classes.1” In contrast, receipt of neoadjuvant chemotherapy, stage of
disease, number of positive lymph nodes, number of drains placed, type of surgery,
occurrence of postoperative complications, and the proportion of patients who received
physical therapy differentiated among the arm pain classes.18 Taken together, these findings
suggest that breast and arm pain are distinct persistent pain conditions following breast
cancer surgery.

This initial phenotyping suggested that a more detailed evaluation of these two persistent
pain conditions was warranted. Therefore, in parallel with our study of persistent breast pain
[16], the purposes of this study were to identify demographic and clinical characteristics that
differed between the two arm pain classes (i.e., Mild, Moderate) and to determine if any
differences existed over time between the two persistent arm pain classes in sensations in the
upper inner arm and node dissection site; pain qualities; pain interference; and hand and arm
function (i.e., grip strength, shoulder mobility). In addition these findings will be compared
with findings from the persistent breast pain study.!’

MATERIALS AND METHODS

Patients and Settings

The methods are described in detail elsewherel8 and are abbreviated for the purposes of the
current study in our companion paper of persistent breast pain.1® The reader is referred to
this companion paper for a more comprehensive description of the material and methods. In
brief, adult women who were scheduled for unilateral breast cancer surgery, without distant
metastasis; were able to complete the questionnaires; and gave written informed consent
were eligible to participate.

Subjective Measures

The demographic questionnaire obtained information on age, marital status, education,
ethnicity, employment status, living situation, and financial status. The Karnofsky
Performance Status (KPS) scale was used to evaluate functional status.!! The Self-
Administered Comorbidity Questionnaire (SCQ) was used to measure comorbidity.2:20

The occurrence of pain in the arm/shoulder was assessed using the Arm/Shoulder Symptoms
Questionnaire (ASQ). In addition, patients were asked to rate the intensity of their average
and worst pain, in the past week, using a numeric rating scale (NRS) that ranged from 0 (no
pain) to 10 (worst imaginable pain). Patients rated the level of interference caused by arm/
shoulder pain with sixteen activities using a 0 (does not interfere) to 10 (completely
interferes) NRS. Patients completed the ASQ at 1, 2, 3, 4, 5, and 6 months after surgery. At
the Month 1 assessment, patients were asked to rate the intensity of their postoperative pain
in the first 24 to 48 hours after surgery.

Pain qualities were evaluated using the valid and reliable Pain Qualities Assessment Scale
(PQAS).%:25 Sixteen items evaluated the magnitude of the different pain quality descriptors.
Three subscale scores were calculated (i.e., Paroxysmal, Surface, Deep).2> Patients
completed the PQAS associated with arm pain at 1, 2, 3, 4, 5, and 6 months after surgery.
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Objective Measures

Sensitivity in the upper inner arm and ALND site along the length of the scar was tested at 4
to 8 sites depending on the length of the scar, using a 5.07 gram monofilament and
compared to the corresponding area on the unaffected side. For each site tested, patients
reported whether it was “much less sensitive than the opposite side”, “same as the opposite
side”, or “much more sensitive than the opposite side”. The percentages for the total number
of sites classified as “much less,” “same,” and “much more” were calculated. Sensitivity in
the upper inner arm and ALND incision sites were evaluated at 1, 2, 3, 4, 5, and 6 months

following surgery (i.e., six assessments).

Grip strength in kilograms (kg) was measured using a Jamar hydraulic hand dynamometer
(Patterson Medical, Bolingbrook, IL) according to the procedures described by Spijkerman
and colleagues.2! Shoulder mobility was assessed using goniometric measurements of range
of mation (ROM). While the patient was lying supine, ROM was measured, in degrees, for 4
positions (i.e., flexion, abduction, internal rotation, external rotation). Grip strength and
shoulder mobility were measured prior to surgery and 1, 2, 3, 4, 5, and 6 months following
surgery (i.e., seven assessments).

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.
After providing written informed consent prior to surgery, eligible patients completed the
enrollment questionnaires. Then, the research nurse performed the baseline objective
measures.

The research nurse met with the patient either in their home or in the Clinical Research
Center at 1, 2, 3, 4, 5, and 6 months after surgery. During each of the study visits, the
women completed the study questionnaires and had the objective measures done by the
research nurse. Over the course of the study, medical records were reviewed for disease and
treatment information. Inter-rater reliability among the research nurses for each of the
objective measures, evaluated every six months, exceeded 0.80.

Characterization of the persistent arm pain phenotypes

A description of the GMM analysis that was used to characterize the persistent arm pain
phenotypes was reported previously.18 In brief, at each assessment, patients were asked,
“Are you experiencing pain in your shoulder, arm, or hand on the side of the surgery?”. If
the patient reported pain, she was asked to rate her worst pain during the past week using a 0
(no pain) to 10 (worst pain) NRS. Prior to conducting the GMM analysis, patients who
reported no pain in their arm, shoulder, or hand for all six assessments (i.e., 1, 2, 3, 4, 5, and
6 months) were identified (n=164; 42%) and were not included in the GMM analysis. For
the remaining 230 women, the six ratings of worst arm pain were used in the GMM analysis
to assign each patient into a latent class. The GMM analysis was done using Mplus 6.1.[19].
Because patients in the No Arm Pain class did not complete the other pain measures (i.e.,
BPI, PQAS), these data could not be modeled. Therefore, only data from the two pain
classes (i.e., Mild, Moderate) were evaluated.
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Statistical Analyses

Data were analyzed using SPSS version 21.0. Descriptive statistics and frequency
distributions were calculated for patients’ demographic and clinical characteristics.
Independent Student t-tests, as well as Mann-Whitney U, Chi-square, or Fisher Exact tests
were performed to evaluate for differences in demographic and clinical characteristics
between the two arm pain classes.

Linear mixed effects models fit by restricted maximum likelihood estimation (REML) were
evaluated to determine whether any differences existed over time between the latent classes
in: sensitivity in the upper inner arm and ALND (for those women who had ALND) sites;
PQAS subscale scores; individual pain interference items; grip strength; and shoulder
mobility. The tests of Group x Time interactions determined whether changes in any of these
outcomes were significantly different between the arm pain classes. In addition, group
effects (differences between the classes) and time effects (changes over time across the
classes) were evaluated using mixed-model tests of main effects. Time effects were
described based on evaluation of estimated marginal means and respective plots, and
supplemented by post-hoc pairwise comparisons between the monthly timepoints. A P-value
of <0.05 was considered statistically significant.

RESULTS

Differences in Demographic and Clinical Characteristics between the Arm Pain Classes

A comprehensive description of the differences in demographic and clinical characteristics
among the three arm pain classes (i.e., No, Mild, Moderate Pain) is provided elsewhere.18
Differences in select demographic and clinical characteristics between the two arm pain
classes are displayed in Table 1. Women in the Moderate Pain class had significantly fewer
years of education, lower KPS scores, and higher comorbidity scores than women in the
Mild Pain class. An overall difference in the distribution of the ethnic groups was found
between the two arm pain classes (P = .014). Post hoc tests revealed that a significantly
higher proportion of Black women was in the Moderate Pain class than in the Mild Pain
class (P = .02). The proportion of White women was significantly higher in the Mild Pain
class than in the Moderate Pain class (P = .006). Income was significantly higher in the Mild
Pain class than the Moderate Pain class (P = .006). Finally, a significantly higher proportion
of women in the Moderate Pain class reported comorbid depression, preoperative swelling in
the affected breast, and developed lymphedema than women in the Mild Pain class. As
shown in Figure 1, women in the Moderate Pain class reported significantly higher average
and worst postoperative pain ratings than women in the Mild pain class.

Changes in Sensations in the Upper Inner Arm and the ALND Site over Time between the
Arm Pain Classes

Across the two arm pain classes, 15% to 30% of the sites tested in the upper inner arm and
50% to 75% of the sites tested in ALND site were much less sensitive than the unaffected

side. As shown in Figures 2A and 2B, for both sites regardless of arm pain class, less than

6% of sites tested were more sensitive than the affected side.
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For the upper inner arm, compared to the Mild Pain class, a higher percentage of sites in the
affected upper inner arm of women in the Moderate Pain class were classified as more
sensitive (P < .05). In addition, significant time effects were found for the percentage of
sites classified as less, same, and more sensitive (all P <.05). Regardless of arm pain class,
the percentage of sites in the upper inner arm that were classified as less sensitive and more
sensitive decreased significantly over time, while the percentage of sites classified as the
same increased significantly over time (Figure 2A). For the ALND site, no statistically
significant group, time, or Group x Time effects were found (Figure 2B).

Changes in Pain Qualities over Time between the Arm Pain Classes

Figure 3 illustrates changes over time between the arm pain classes in the PQAS
Paroxysmal, Surface, and Deep subscale scores. No significant Group x Time interactions
were found for any of the PQAS subscales. Significant group effects were found for all of
the PQAS subscale scores (all P <.001), with the Moderate Arm Pain class reporting higher
scores than the Mild Pain class. In addition, significant time effects were observed for all of
these subscales (P < .001), such that regardless of arm pain class, these scores decreased
over time relative to Month 1.

Changes in Pain Interference over Time between the Arm Pain Classes

Figure 4 illustrates changes over time between the arm pain classes in pain interference
scores. Each of the panels displays an exemplar plot for the pain interference items that
demonstrated: mild (i.e., < 2, A); mild-moderate (i.e., 2.1 — 3.9, B); or moderate (i.e., = 4, C)
interference scores based on the average score across time for the Moderate Pain classes.
Mild interference was observed for: relations with other people (exemplar); ability to walk,
write, do handicrafts, drive, and get up from bed; as well as sexual activity. Mild-moderate
interference was observed for: general activity (exemplar); ability to touch the operative site
and reach in front; mood, and enjoyment of life. Moderate interference was observed for:
ability to sleep on the affected side (exemplar), carry things, and reach above the head.

None of the pain interference items demonstrated significant Group x Time interactions.
However, all of the pain interference items demonstrated a significant group effect (all P <.
001). Women in the Moderate Pain class reported higher interference scores than women in
the Mild Pain class. In addition, all of the pain interference items demonstrated a significant
time effect (all P < .05), such that, regardless of pain class, interference scores decreased
over time relative to Month 1.

Changes in Grip Strength and Shoulder Mobility over Time between the Arm Pain Classes

Figure 5 illustrates changes over time in grip strength and shoulder mobility (i.e., flexion,
abduction, internal rotation, external rotation) between the two arm pain classes. For all four
measures, no significant Group x Time interactions were observed. For grip strength, only a
significant time effect (P < .001) was found, where on average, grip strength increased after
Month 1. For flexion, abduction, and external rotation, significant group (all P <.001) and
time (all P <.001) effects were observed. Women in the Moderate Pain class had decreased
flexion, abduction, and external rotation measurements compared to women in the Mild Pain
class. As depicted in Figures 5B and 5C, flexion and abduction appear to follow a quadratic
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pattern. Measurements decreased from Month 0 to Month 1, increased from Month 1 to
Month 3, then plateaued, remaining lower than Month 0. As shown in Figure 5D, external
rotation decreased over time relative to Month 0. No significant group, time or Group X
Time effects were observed for internal rotation.

DISCUSSION

This study provides a detailed phenotypic characterization of persistent arm pain following
breast cancer surgery. In addition, this analysis extends our previous work6-18 and confirms
our hypothesis that breast and arm pain following breast cancer surgery are distinct
persistent pain conditions. Throughout the discussion, similarities and differences between
the breast and arm pain sites, particularly between the two more severe pain classes (i.e.,
Moderate Arm Pain, Severe Breast Pain) are highlighted.

In terms of demographic and clinical characteristics, women in the Moderate Arm Pain class
were more likely to be Black, had less education, lower annual incomes, lower functional
status scores, higher comorbidity scores, a higher number of postoperative complications,
and higher occurrence rates for depression. Of note, findings related to years of education,
annual income, as well as functional status and comorbidity scores, were similar for the
Severe Breast Pain class. However, additional characteristics associated with membership in
the Severe Breast Pain class, but not in the Moderate Arm Pain class included higher body
mass index and higher occurrence rates of hypertension and rheumatoid arthritis.

In terms of preoperative breast symptoms and postoperative pain, a higher percentage of
women in the Moderate Arm Pain class reported preoperative swelling in the affected breast
and higher average and worst postoperative pain intensity scores. While findings regarding
preoperative breast swelling and postoperative pain intensity scores were similar for the
Severe Breast Pain class,16 a higher percentage of women in this latent class reported
numbness in the affected breast prior to surgery. Of note, the occurrence of lymphedema
differed between the arm, but not the breast pain classes. This finding warrants additional
investigation because findings regarding the association lymphedema and extremity pain are
inconsistent.#6.10 The phenotypic differences between the persistent breast and arm pain
conditions warrant confirmation in an independent sample.

Changes in sensations in the upper inner arm or ALND incision site did not differ between
the persistent arm pain classes. In the upper inner arm, the majority of the sites had the same
sensitivity as the unaffected arm. However, 15% to 30% of these sites were much less
sensitive than the unaffected arm. Consistent with sites in the breast scar area, ALND sites
were most frequently classified as “much less” sensitive than the unaffected side. While
sensory loss or numbness after surgery, particularly following ALND, was reported
previously,57:8:12.14.15.23 jt js surprising that despite persistent pain, only a small percentage
of sites in both the upper inner arm and ALND area were classified as hypersensitive (<6%
for both areas tested). Collectively, these findings suggest that sensory loss, particularly at
the sites of the surgical incisions, is highly prevalent and persistent. As noted in our
companion paper,16 the co-occurrence of sensory loss and persistent arm pain may reflect an
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underlying neuropathic mechanism. Alternatively, ongoing pain and touch-evoked
sensations may differ mechanistically.

In terms of the qualities of arm pain, compared to women in the Mild Pain class, women in
the Moderate Pain class reported higher scores on all of the PQAS subscales (i.e.,
Paroxysmal, Deep, Surface) that persisted over the six months of the study. Subscale scores
for the Mild Pain class stabilized by 2 months, whereas subscale scores for the Moderate
Pain class stabilized by 3 months after surgery. These between-group differences in the time
to plateau suggest differential postoperative healing periods. The finding that postoperative
complications were most prevalent in the Moderate Pain class8 supports this hypothesis. Of
note, in contrast to breast pain, patients did not report on the qualities of arm pain prior to
surgery (Month 0). Therefore, we do not know if women experienced arm or shoulder pain
prior to surgery.

Consistent with findings from the sensory examination, the pattern of PQAS scores reported
by the Moderate Arm Pain class was consistent with those observed in a neuropathic pain
condition (i.e., carpal tunnel syndrome).2> Of note, this finding contrasts with the pattern of
PQAS subscale scores reported by the Severe Breast Pain class that was more consistent
with the pattern of scores observed in patients with non-neuropathic pain conditions (i.e.,
low back pain, osteoarthritis).2> This distinction between the pattern of PQAS scores for the
breast and arm pain classes highlights the importance of separate evaluations of breast and
arm pain as distinct persistent pain conditions.

With regards to pain interference, a significant group effect was found for each of the items
in the expected direction (Moderate Pain > Mild Pain class). A time effect was observed for
all of the interference items, such that scores decreased from one to two months following
surgery. This decrease over time can be attributed to normal postoperative healing. Unlike
breast pain, which showed variations in the trajectories of pain interference by latent class
membership, all of the pain interference items for arm pain demonstrated the same trajectory
and only main effects of group and time. Pain interference was fairly mild for the majority
of items. Scores for patients in the Moderate Pain class were in the moderate range (>4) for
only three physical function items, which involved the use of the arm or shoulder (i.e., sleep
on affected side, ability to carry things, reaching above the head). In contrast, women in the
Severe Breast Pain class reported higher interference scores overall, and moderate pain
interference for more items, including psychological items, such as mood and enjoyment of
life. These differences may be due to the nature of the class construction (“Severe” breast
pain versus “Moderate” arm pain), with the Severe Breast Pain class reflective of a more
extreme phenotype. However, it is surprising that, compared to the Mild Arm Pain class,
higher pain interference scores for other physical function items that involve the use of the
arm, shoulder or hand, were not reported by patients in the Moderate Arm Pain class.

In terms of grip strength and shoulder mobility, compared to women in the Mild Pain class,
women in the Moderate Pain class had persistently lower measures of flexion, abduction,
and external rotation. Group effects for grip strength (P = .06) and internal rotation (P = .05)
approached, but did not reach statistical significance. Interestingly, consistent with persistent
breast pain, these between-groups differences (with the exception of internal rotation)
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occurred prior to surgery. Additional research is warranted to determine if arm pain occurs
prior to surgery and how this pain affects women’s arm and shoulder mobility.

Time effects were observed for grip strength, flexion, abduction, and external rotation. In
both the Mild and Moderate Pain classes, an overall increase in grip strength was observed,
while range of motion initially decreased over time. In particular, both statistically
significant and clinically meaningful impairments in flexion and abduction were observed
from prior to through one month following surgery. This reduction in mobility at the one
month assessment for both arm pain classes can be attributed to the effects of surgery.
Although no statistically significant interaction was found, the rate of change (i.e., steepness
of line) from enrollment to Month 1 appears greater for women in the Moderate Pain class.
The higher proportion of women with postoperative complications in the Moderate Pain
class!® may explain this finding. Although improvements were observed after one month,
flexion, abduction, and external rotation did not return to preoperative levels six months
after surgery, which highlights the need for ongoing clinical evaluation and rehabilitation.
Of note, no significant differences were found in the proportion of women in the Mild and
Moderate Pain classes who underwent physical therapy on a monthly basis (Supplemental
Figure 1).

A number of studies evaluated arm morbidity following breast cancer surgery.>7:813-15
Many of these studies focused on morbidity after ALND%8:14 or evaluated ALND as a risk
factor for more severe morbidity.1315 In general, sustained mobility impairments and more
severe impairments in strength and mobility were found in patients who had a complete
ALND. Interestingly, although a similar proportion of patients in the Mild and Moderate
Pain classes had an ALND (47% and 51%, respectively), statistically significant differences
in the degree of impairment in flexion, abduction, and external rotation, were found.
Previous studies did not evaluate associations between pain and upper extremity morbidity.
Therefore, our findings suggest that the severity of persistent arm pain has an independent
role in modulating functional impairments after breast cancer surgery. Persistent arm pain
may result in an adaptive response, such that patients restrict arm and shoulder movement in
order to promote healing. However, this response may result in long term impairments in
arm and shoulder mobility. Efforts to manage this pain may reduce these functional
impairments.

Medium effect sizes were observed for the differences between the Mild and Moderate Pain
classes with respect to flexion (d=0.55), abduction (d=0.59), and external rotation (d=0.61).
The observed differences between the classes did not reach published standards for
clinically meaningful differences of 20°.13 However, a 20° change represents severe
physical impairments.28 The more subtle changes that persist over time may represent
clinically meaningful decrements in these patients.

Limitations of this study need to be acknowledged. A larger sample size might have allowed
for detection of more subtle differences between the classes, including interaction effects. In
addition, generalizability may be limited as a result of this relatively homogeneous sample
of women. Patients were asked to recall the severity of postoperative pain at the Month 1
assessment. In future studies, postoperative pain should be assessed prospectively. In
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addition, future studies that evaluate persistent arm pain should determine whether pain
exists preoperatively, and if so, how pain changes following surgery. Finally, approximately
8% of the current sample belonged to both the Moderate Arm Pain class and the Severe
Breast Pain class. This subset of women may be at particularly high risk for more negative
outcomes, such as greater interference with function and more significant functional
impairments. Therefore, further study of this subgroup of women, including an evaluation of
risk factors and a detailed description of their pain experience, is warranted.

In summary, consistent with persistent breast pain,® the overall differences in pain qualities,
interference, and function between the arm pain classes were largely differences of severity,
suggestive of a similar underlying mechanism. As such, similar interventions that differ only
by dose or intensity may be effective for both arm pain subgroups. Similarities between
persistent breast and arm pain, in a number of demographic and clinical characteristics, were
observed. One important similarity was the association between postoperative pain intensity
and membership in the Moderate Arm Pain and Severe Breast Pain classes. This finding
highlights the need for adequate acute pain management. In addition, it may reflect inter-
individual variability in pain sensitivity3 or responses to analgesic medications.22 However,
arm pain was described more similarly to neuropathic pain and exhibited less variability in
patterns of change across all measures. These differences suggest that breast and arm pain
are two distinct persistent pain conditions. Mechanistic insights may be gleaned from
parallel efforts to identify similarities and differences in molecular markers associated with
latent class membership for both persistent breast and arm pain. Importantly, for both
persistent breast and arm pain, changes in sensation were notable. In addition, persistent arm
pain was associated with sustained interference with daily functioning and upper body
mobility impairments. As such, long term clinical evaluation and management of both types
of pain in women following breast cancer surgery are warranted to improve the quality of
survivorship for these women.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Differences in average and worst postoperative pain ratings (on 11-point numeric rating

scale) for 24 to 48 hours following breast cancer surgery between the pain classes. Values
are plotted as means and standard deviations. ***P < .001.
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Figure 2.
Plots of the estimated marginal means over time between the arm pain classes for the mixed

effects model for the percentage of sites in the upper inner arm (A) and axillary lymph node
dissection (ALND) sites reported as less sensitive (green), the same (blue), and more
sensitive (red) than the unaffected side. Statistically significant findings for upper inner arm:
Percentage less sensitive — time effect: P = .04; Percentage the same — time effect: P = .006;
Percentage more sensitive — group effect: P = .01 and time effect: P =.993.
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Figure 3.
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Plots of the estimated marginal means over time between the arm pain classes for the mixed
effects models for the Pain Qualities Assessment Scale (PQAS) Paroxysmal (A); Surface
(B); and Deep (C) subscale scores between the arm pain classes. Statistically significant

findings: Group and time effects for Paroxysmal, Surface, and Deep, all P < .001.
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Figure 4.

Plots of the estimated marginal means over time, between the arm pain classes, for the
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mixed effects models for pain interference scores. Each of the panels displays an exemplar
plot for the pain interference items that demonstrated: (A) mild interference (< 2); (B) mild-
moderate interference (2.1 — 3.9); (C) moderate interference (= 4), based on the average pain

interference score across time for the Moderate Pain class.
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Figure 5.

Plots of the estimated marginal means over time between the arm pain classes for the mixed
effects model for grip strength (A), flexion (B), abduction (C), internal rotation (D), and
external rotation (E). Statistically significant findings: Grip strength - time effect: P < .001;
Flexion - group effect: P <.001 and time effect: P <.001; Abduction - group effect: P <.
001 and time effect: P <.001; External rotation - group effect: P < .001 and time effect: P

<.001.
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Differences in Demographic and Clinical Characteristics Between the Arm/Shoulder Pain Classes

Table 1

Characteristic Mild Pain (1) | Moderate Pain (2) Statistics
93 (40.4%) 137 (59.6%)
Mean (SD) | Mean (SD)
Age (years) | 52.7(9.7) | 52.9 (11.3) | t=-0.80, P=.423
Education (years) | 16.3(2.7) | 15.3(2.7) | t=6.76, P<.001
Karnofsky Performance Status score | 93.1(10.0) | 89.3(12.4) | t=2.46, P=.015
Self-Administered Comorbidity Scale score | 3.8(2.4) | 5.0(3.1) | t=-3.24, P=.001
Body mass index (kg/m?2) | 26.3(6.2) | 28.1(6.9) | t=-1.92, P=.056
| wmn | % (N) |
Ethnicity
White 68.8 (64) 50.0 (68)
Black 75 (7) 19.1 (26) x2=10.61, P=.014
Asian/Pacific Islander 14.0 (13) 14.0 (19)
Hispanic/Mixed Ethnic Background/Other 9.7 (9) 16.9 (23)
Lives alone
Yes 19.4 (18) 24.6 (33) FE, P=.419
No 80.6 (75) 75.4 (101)
Marital status
Married/partnered 35.5(33) 43.0 (58) FE, P=.274
Single, separated, widowed, divorced 64.5 (60) 57.0 (77)
Currently working for pay
Yes 53.3 (49) 43.1 (59) FE, P=.139
No 46.7 (43) 56.9 (78)
Total annual household income
<$10,000 to $29,999 18.1 (15) 29.9 (32)
$30,000 to $99,999 34.9 (29) 42.1 (45) ¥2=7.88, P=.019
>$100,000 47.0 (39) 28.0 (30)
Occurrence of comorbid conditions
Depression 14.0 (13) 27.0 (37) FE, P=.022
Swelling in breast pre-operatively
Yes 5.4 (5) 13.9(19) FE, P=.048
No 94.6 (88) 86.1(118)
Type of surgery
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Characteristic Mild Pain (1) | Moderate Pain (2) Statistics
93 (40.4%) 137 (59.6%)
Mean (SD) Mean (SD)

Breast conserving 79.6 (74) 74.5 (102) FE, P=.429
Mastectomy 20.4 (19) 25.5 (35)

Sentinel lymph node biopsy
Yes 86.0 (80) 83.9 (115) FE, P=.407
No 14.0 (13) 16.1 (22)

Axillary lymph node dissection
Yes 47.3 (44) 51.1 (70) FE, P=.593
No 52.7 (49) 48.9 (67)

Received hormonal therapy during the 6 months
Yes 45.2 (42) 38.0 (52) FE, P=.279
No 54.8 (51) 62.0 (85)

Received radiation therapy during the 6 months
Yes 54.8 (51) 54.7 (75) FE, P=1.000
No 45.2 (42) 45.3 (62)

Received adjuvant chemotherapy during the 6 months
Yes 38.7 (36) 38.0 (52) FE, P=1.000
No 61.3 (57) 62.0 (85)

Occurrence of lymphedema 15.1 (14) 29.4 (40) FE, P=.017

Abbreviations: FE = Fisher’s Exact; kg/m2 = kilograms per meter squared; SD = standard deviation
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