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Abstract

Background—The impact of arm morbidity following breast cancer surgery on patient-observed
changes in daily functioning and health-related quality of life (HRQoL) have not been well-
studied.

Objective—To examine the association of objective measures such as range of motion (ROM)
and lymphedema, with patient-reported outcomes (PROs) in the arm and breast, upper extremity
function, activities, and HRQoL.
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Methods—The National Surgical Adjuvant Breast and Bowel Project Protocol B-32 was a
randomized trial comparing sentinel node resection (SNR) with axillary dissection (AD) in women
with node-negative breast cancer. ROM and arm volume were measured objectively. PROs
included symptoms; arm function; limitations in social, recreational, occupational, and other
regular activities; and a global index of HRQoL. Statistical methods included cross-tabulations
and multivariable linear regression models.

Results—In all, 744 women provided at least 1 postsurgery assessment. About one-third of the
patients experienced arm mobility restrictions. A similar number of patients avoided the use of the
arm 6 months after surgery. Limitations in work and other regular activities were reported by
about a quarter of the patients. In this multivariable analysis, arm mobility and sensory neuropathy
were predictors of patient-reported arm function and overall HRQoL. Predictors for activity
limitations also included side of surgery (dominant vs nondominant). Edema was not significant
after adjustment for sensory neuropathy and ROM.

Limitations—Arm mobility and edema were measured simultaneously only once during the
follow-up (6 months).

Conclusion—Clinical measures of sensory neuropathy and restrictions in arm mobility
following breast cancer surgery are associated with self-reported limitations in activity and
reductions in overall HRQoL.

Keywords

Breast Cancer; Axillary Dissection; Sentinel Node Resection; Arm Morbidity; Patient-Reported
Outcomes; Quality of Life

BACKGROUND

Restricted arm mobility, lymphedema, peripheral neuropathy, and other symptoms are
frequent complications of axillary lymph node dissection (AD) in women undergoing breast
cancer surgery.1=6 Over the past decade, sentinel node resection (SNR) has become a
common alternative to AD in early—stage breast cancer.”-® The results from 4 large
randomized trials,>-14 2 smaller trials,>-17 and numerous observational studies'8-23 have
demonstrated that patients undergoing SNR report less arm morbidity and better health-
related quality of life (HRQoL) than do patients undergoing AD. In the recently published
analyses of the National Surgical Adjuvant Breast and Bowel Project (NSABP) B-32 trial in
women with node-negative breast cancer, significant differences in favor of SNR were
reported with respect to arm morbidity; symptoms in the ipsilateral arm and breast; arm
function; participation in occupational and social activities; and overall HRQoL .13.14

The results of studies comparing SNR and AD have demonstrated that axillary surgery
impacts patient-reported outcomes (PROs). However, the mechanism for this association is
not entirely clear. Axillary surgery is associated with several major side effects, such as
limited range of motion (ROM), lymphedema, neuropathy, and pain or discomfort in the
arm, breast, and chest. The independent effects of these factors on arm function;
participation in work, social, and recreational activities; and overall HRQoL are not
completely understood.
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Arm mobility and symptoms correlated with PROs in several studies.1~6 The effect of
lymphedema was observed by some authors,2-3 but was less evident in other studies.*%
Furthermore, studies that included both objective measures of ROM and edema as well as
subjective measures of function and HRQoL on a large sample of patients have been rare.
Most published studies of the relationship between arm morbidity and PROs following
axillary surgery were relatively small and the methods of measuring arm mobility, edema,
neuropathy, and PROs varied across studies. A question that has not been extensively
studied is whether the side of breast cancer surgery (dominant vs nondominant) has any
effect on PROs.

Understanding which of the side effects of axillary surgery have the greatest impact on
HRQoL is important for optimizing treatment and providing accurate prognostic information
to the patient. In this study, we have analyzed data from NSABP B-32, a randomized trial
comparing SNR and conventional AD in women with early breast cancer. The purpose of
the current analysis was to examine the relationships between (1) objective measures of arm
morbidity, such as ROM and edema, clinical assessment of neuropathy, and (2) patient-
reported symptoms in the arm and breast, upper extremity function, participation in life
activities, and overall HRQoL after breast cancer surgery. Because comparisons of self-
reported outcomes and arm morbidity between SNR and AD in NSABP B-32 have been
reported previously,1314 in the current analysis the 2 arms of the trial were combined.

METHODS

Participants

Women participating in NSABP B-32 had operable breast cancer and clinically negative
lymph nodes. After stratification by age at entry (<49 years,> 50 years), tumor size (<2.0
cm, 2.1 through 4.0 cm, = 4.1 cm), and surgical treatment plan (lumpectomy vs
mastectomy), these women were randomly assigned to AD vs SNR. Those who were
sentinel node positive underwent AD. Use of systemic adjuvant therapy was left to the
discretion of the treating physician.

Participants in the current study were women who had sentinel node—negative breast cancer
and were enrolled in the HRQoL component of NSABP B-32. Inclusion in the B-32 HRQoL
study was limited to community-based NSABP institutions participating in the Community
Clinical Oncology Program (CCOP). All participants provided written informed consent
approved by the National Cancer Institute and the institutional review boards of all
participating institutions. More details about the B-32 design can be found elsewhere.24:25

Clinical Measurements

Members of the institutional clinical staff attended a national workshop and annual meetings
that included discussion of the measurement of ROM and arm volume. ROM was assessed
by measuring the range of lateral abduction of each arm in degrees, using a standard
orthopedic goniometer. To this end, the patient was asked to stand straight and to raise the
affected arm laterally as high as possible without assistance. The angle between the lateral
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chest wall and the humerus was measured. The value was recorded and the measurement
was repeated on the opposite arm. Reliability of this method is moderate to high.26

Arm volume was assessed bilaterally by the water displacement method, considered the
most accurate method of measuring arm volume.2’ First, the lateral epicondyle (elbow) was
identified and a distance of 10 cm was measured in a straight line toward the mid-deltoid
muscle (shoulder). The spot was marked with a marker. The arm was then placed in an
empty plastic graduated cylinder. Next, the cylinder was filled with water until the level
reached the mark on the arm. The level on the cylinder was recorded. The patient was then
asked to remove the arm slowly to allow all water to drop back into the cylinder and avoid
any significant spillage. The water level was recorded after the arm was removed. Arm
volume was calculated as the difference between the water levels with and without the arm
in the cylinder. The measurement was repeated for the ipsilateral arm. An edema score was
calculated as the difference from baseline in the volume of the ipsilateral arm relative to the
contralateral arm.

Sensory neuropathy (usually resulting from an injury to the intercostal brachial cutaneous
nerves) was assessed by a health professional who asked the patient if she currently
experienced any numbness or tingling in each arm, especially on the medial aspect of the
upper arm. A neuropathy score was computed as the sum of 2 measurements: numbness in
the affected arm, and tingling in that arm. A score of zero indicated no neuropathy, whereas
a score of 2 indicated both numbness and tingling.

Patient-Reported Outcomes

Measures of PROs relevant to breast cancer surgery included (1) symptoms in the upper
extremity and breast/chest, (2) upper extremity function, (3) overall ratings of limitations in
work or other regular daily activities and in social and/or recreational activities, and (4)
global HRQoL.28-33 The following symptoms were evaluated: (1) tenderness, (2) swelling,
(3) discomfort or pain, (4) numbness and “pins and needles,” (5) skin sensitivity, (6)
tightness, (7) pulling or stretching, and (8) weakness. Except weakness, the symptoms were
reported separately for the upper extremity (arms, underarms, hands, and fingers) and for the
breast/chest. Patients reported symptoms separately for the left and right side. The
symptoms were measured on a 0- to 4-point scale (from “Not bothered” to “Very
bothered™), and were treated in the analysis as yes/no variables (“bothered” vs “not
bothered”).

Items assessing upper extremity function were related to pushing/pulling large objects,
lifting objects > 10 Ib (left and right arm), reaching above shoulder level, and avoiding use
of the arm (left arm and right arm).28-33 The items had 4 options, ranging from “Not
difficult” to “I could not do this™ in the past 7 days, or — for the avoidance item — from
“Never” to “Always.” A functional limitations score (FLS) for the upper extremity was
calculated as the sum of the 4 individual questions. A score of zero meant no impairment,
whereas a score of 4 indicated impairment in all 4 areas. Overall ratings of limitations in
participation in social/recreational and work/other regular daily activities were taken from a
well-established instrument, the Disabilities of Arm Shoulder and Hand Scale (DASH).2°
The options (0 to 4) ranged from “Not limited” to “Very limited” in the past 7 days. An

J Support Oncol. Author manuscript; available in PMC 2014 August 13.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Kopec et al.

Page 5

activity limitation score (ALS) was formed by summing the 2 items (work/other activities
and social/recreational activities) to form a 0- to 8-point scale. Finally, overall HRQoL was
measured using a global scale (0 to 10) with zero being “Worst possible health” and 10
being “Perfect health”.33:34

Data Collection

All measurements were initially performed at baseline. After surgery, ROM was measured
at 1 week, 2 to 3 weeks, and 6 months. Edema and sensory neuropathy were assessed every
6 months for 3 years. The questionnaire was self-administered at the time of each follow-up
visit (ie, at 1 week, at 2 to 3 weeks, and every 6 months for 3 years) until the patient was
diagnosed as sentinel node positive, had a documented breast cancer recurrence or second
primary cancer, died, or withdrew consent from the parent B-32 study. In exceptional cases,
we allowed the questionnaire to be administered over the phone or mailed to the participant.
A Missing Data Form was required for all instances of missing questionnaires.

Statistical Methods

RESULTS

For the cross-tabulations, all measures were treated as categorical variables. For this
purpose, the edema score was dichotomized into < 66th percentile and = 66th percentile;
ROM was truncated at 180 degrees and grouped into 4 categories (0 to 139 degrees, 140 to
159 degrees, 160 to 179 degrees, and = 180 degrees); the overall HRQoL score (0 to 10) was
dichotomized into < 8 and = 8. Descriptive statistics and modeling were based on the 6-
month follow-up data because this was the only point in time when all measurements were
taken simultaneously. In regression models, the variables were analyzed as continuous
variables. Regression models were fit separately for each of the outcome variables (FLS,
ALS, and overall HRQoL score). Potential predictors were ROM, edema, sensory
neuropathy, side of surgery (dominant vs nondominant), and interactions with each variable
and with side of surgery. Treatment group assignment was not included as a predictor
because the treatment was the main cause of the impairments studied and, therefore, would
have masked the associations between functional limitations and PROs, which would have
significantly reduced variation in the data, thus limiting our ability to show the associations
of interest. Each model was run, including all the candidate variables and interactions. Next,
terms were removed if the P value was greater than .10 (except in the case where lower-
order terms needed to be retained when a higher-order interaction was significant), and the
model was rerun. If there were any remaining variables that had P > .05, they were removed
and this process was repeated until all the covariates had P < .05, or were necessary to
support higher-order interactions. This constituted the reduced model. Analyses were
conducted using SAS v9.1.3.

Descriptive Results

Of the 749 patients enrolled in the B-32 HRQoL substudy, 744 provided at least 1
postsurgery assessment, 678 (91.1%) of whom also provided data at 6 months. About 87%
of the participants were white and 78% were 50 years of age or older. (See Table 1.) The
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vast majority (84%) received a lumpectomy. Tumor size was < 2 cm in 87% of the patients.
Of these, 52% were randomly assigned to SNR and 48% to AD.

The evolution of arm morbidity measures, symptoms, and other PROs in the AD and SNR
groups up to 3 years post surgery was described by Land et al'3 and Ashikaga et al.14
Reductions in HRQoL in both groups were most severe in the postoperative period and the
scores essentially stabilized at 12 months. In the current analysis in which the 2 treatment
groups were combined, 30% of the patients had ROM < 160 degrees at 6 months post
surgery, 34% had arm edema, and 32% experienced some sensory neuropathy. (See Table
2.) With respect to PRO, 31% of the patients had difficulties pushing or pulling large
objects, 32% had problems lifting objects > 10 Ib, 19% had difficulties reaching above
shoulder level, and 31% avoided using the affected arm. Furthermore, 16% of the patients
reported limitations with social/recreational activities and 24% reported limitations in work/
other regular activities. Finally, 25% of the patients had HRQoL scores < 80% of the
maximum score.

Tenderness, pain, and tightness were the arm and breast symptoms reported most frequently
at 6 months. The frequency of most symptoms increased monotonically across the 4 levels
of ROM. (See Figure 1A.) For example, the proportion of patients reporting tenderness in
the arm increased from 40.5% in the = 180-degrees group to 64.2% in the < 140-degrees
group, whereas swelling of the arm was reported by 18.5% of those in the > 180-degrees
group and 28.9% in the < 140-degrees group. Interestingly, similar gradients in symptom
frequency were observed for symptoms in the breast. Proportions of those reporting a given
symptom were higher in patients with edema than in those without, but the differences were
small for numbness and tightness in the arm and for most of the breast symptoms. (See
Figure 1B.)

Arm Function

In bivariable analyses, self-reported arm function was related to ROM. (See Figure 2A.) The
proportion of patients with difficulties in lifting objects weighing > 10 Ib ranged from 23%
among those with ROM = 180 degrees to 51% in persons with ROM < 140 degrees. Similar
monotonic relationships were seen for other measures of arm function (pushing/pulling
objects, reaching above shoulder level, and use avoidance). Mean scores on a 0- to 4-point
scale combining these 4 items (FLS) ranged from 0.77 to 1.94 for the 4 levels of ROM. Arm
function was lower among patients with arm edema, compared with those who did not have
edema (Figure 2B), although the differences were relatively minor for lifting and reaching
and were greater for pushing/pulling objects and especially avoidance. Finally, arm function
was strongly related to neuropathic symptoms, with a clear gradient across the 3 levels of
symptoms for all measures of function. (See Figure 3.)

In a multivariable model, scores on the 4-item FLS at 6 months were significantly affected
by ROM (Regression Coefficient [RC] = —0.021 per 1-degree change; P < .001) and
neuropathy (RC = 0.516; P < .001). (See Table 3.) However, arm edema was not related to
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arm function. Arm function was not affected by the side of surgery (dominant vs
nondominant).

Activity Limitations

Overall ratings of limitations in work or other daily activities were related to ROM in a
bivariable analysis. (See Figure 2B.) Among those with ROM = 180 degrees, 18% reported
any limitations in work/other activities. This proportion increased to 48% among women
with a severe mobility restriction (ROM < 140 degrees). Similarly, the overall rating of
participation in social and recreational activities was related to ROM, with proportions
reporting limitations in these activities ranging from 9.9% to 33% across the 4 levels of
ROM. Women with arm edema reported more limitations in work/other activities (29% vs
21%) and in social/recreational activities (19% vs 14%) than did those without edema. (See
Figure 2B.) There was a strong effect of neuropathy on both work and other activities, as
well as social/recreational activities. The proportions of women reporting any limitations in
work/other activities increased from 17% to 51%, and the proportions reporting limitations
in social/recreational activities increased from 10% to 41% across the 3 levels of
neuropathy. (See Figure 3.)

In a multiple regression model, scores on a 2-item ALS combining work/other and social/
recreational participation were significantly related to ROM (RC = -0.023 per degree; P <.
001), neuropathy (RC = 0.514; P < .001), dominant vs nondominant side of surgery (RC =
-2.532; P =.002), and side of surgery x ROM interaction (RC = 0.016; P =.002). (See
Table 3.)

Overall Health-Related Quality of Life

The global HRQoL score was related to measures of ROM, edema, and neuropathy in
bivariable analyses. There was an increase in the proportion of women reporting QoL < 8,
from 16% in normal ROM to 37% in ROM < 140 degrees. (See Figure 2A.) For edema, the
frequency increased from 23% to 28% among those without vs those with edema,
respectively. (See Figure 2B.) For neuropathy, 17% had HRQoL scores < 8 among those
without numbness or tingling, compared with 52% among those with both numbness and
tingling. (See Figure 3.)

In multivariable analyses with a global HRQoL score as a continuous variable, significant
predictors of HRQoL were ROM (RC = 0.017 per degree; P < .001) and neuropathy (RC =
-0.715; P <.001). (See Table 3.) Neither edema nor side of surgery was associated with
HRQoL.

DISCUSSION

About one-third of the women in the current study experienced significant arm mobility
restrictions (ROM < 160 degrees) and a similar number avoided use of the arm 6 months
after breast cancer surgery. About 25% of the participants reported limitations in work or
other regular activities, and 16% were limited in social or recreational activities.
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Objectively measured arm mobility and clinically assessed sensory neuropathy were
predictors of patient-reported arm function; limitations in work/other and social/recreational
activities; and overall HRQoL. Moreover, surgery on the dominant side was associated with
significantly more restrictions in social/recreational and work/other activities than was
surgery on the nondominant side. Patients with arm edema reported poorer outcomes than
did those without edema, but the effect was not significant in the multivarible analysis. This
does not necessarily mean that edema is not important; rather, the impact of edema could be
mediated by symptoms and/or restricted mobility.

The results of regression modeling indicate that a decrease of 40 degrees in ROM (from no
restriction to severe restriction) was associated with an almost 0.7-point decrease in overall
HRQoL on a scale of 0 to10. Sensory neuropathy (numbness and tingling) was associated
with a 1.4-point decrease in overall HRQoL. These are substantial effects, as a change of 0.3
points on this scale could be considered clinically important.3°

From a methodological standpoint, the global HRQoL scale (anchored by worst possible
health = 0 and perfect health = 10) can be considered to measure health values, and could be
converted to health utilities for the purpose of a decision analysis.3 It is worth noting that
the scale correlated significantly with objective measures of arm morbidity. In our previous
report, this scale was highly sensitive to the impact of axillary surgery.13

Our results are generally consistent with previous studies of PROs in women undergoing
breast cancer surgery. Hack and colleagues! reported a survey of 222 women with AD in
which self-reported pain/discomfort and the sensation point of pain/discomfort on arm
movement (as assessed by a physiotherapist) were significantly related to a global HRQoL
index. Neuropathy and edema were not evaluated. The largest study to examine the impact
of arm edema on HRQoL in a population-based cohort of breast cancer survivors was the
lowa Women’s Health Study.? Scores on the physical component of the SF-36 (36-item
Short Form) health survey were worse among women with lymphedema than among those
without lymphedema or symptoms. However, lymphedema was measured by self-report,
and the authors did not report a comparison of women with edema vs without edema while
they controlled for symptoms. Arm mobility was not assessed.

A few recent studies in breast cancer survivors included measures of both arm mobility and
edema. Rietman et al3 studied 55 women at a mean of 2.7 years after breast cancer surgery
with AD, in which pain was a significant predictor of 6 domains of the SF-36 and arm
volume was a predictor of 2 domains, but active ROM was not significant. Nesvold and
colleagues® studied the associations of restricted shoulder abduction and lymphedema with
multiple domains of the SF-36 in 256 breast cancer patients with lymph node metastases and
AD at a mean of 4.1 years post surgery. In this multivariable analysis, all domains of the
SF-36 were significantly associated with having impaired shoulder abduction, whereas none
of the associations with lymphedema were statistically significant. In a study by Kaya and
colleagues® among 67 breast cancer patients, arm pain on motion, anterior chest wall pain,
loss of grip strength, and shoulder flexion were related to various domains of the FACT
(Functional Assessment of Cancer Therapy)-B+4, a cancer-specific measure of HRQoL.
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Descriptive results from our study as shown in Table 2 can serve as a benchmark for both
clinicians and patients. Because our analysis was done in the full B-32 sample (SNR and
AD), the effect of surgery was less severe than would have been expected in a sample of
women undergoing conventional AD. However, SNR is becoming a common procedure.”-8
Furthermore, because the study sample was selected from the CCOP sites, the results are
representative of patients treated by community physicians. Important additional advantages
of our study are a large sample, high follow-up rate, objective measures of arm mobility and
edema, and comprehensive assessment of PROs including symptoms in the upper extremity,
breast, and chest; arm function; limitations in work/other daily activities and social/
recreational participation; and overall HRQoL.

Some limitations of the study should be mentioned. Although the assessment of PROs was
comprehensive, some measures employed in the current study — such as limitations in social/
recreational participation and work/other regular daily activities — were difficult to quantify
and were assessed by a single item (overall rating) for each. Although these items were
previously validated, the ability of such instruments to capture the complex constructs being
measured is limited. Another important limitation of the study is that arm mobility and
volume were both measured at the same time only once during the follow-up (at 6 months),
which limited the multivariable analysis of the impact of these factors to a single time point.
(The time point of greatest clinical interest had been specified a priori as 6 months.)

In conclusion, a substantial proportion of women with early breast cancer complain of arm/
breast symptoms and functional impairments 6 months after surgical treatment. Clinical
measures of arm morbidity correlate with patient-reported measures of function and
HRQoL, but the correlations are not strong, suggesting that both types of variables are
important to assess. Sensory neuropathy and restrictions in arm mobility are key predictors
of social, recreational, work, and other regular daily activity limitations as well as overall
HRQoL after breast cancer surgery.
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Figure 1.
Figure 1A. Proportion (%) of patients in NSABP B-32 reporting symptoms (all levels of

severity) in the arm and breast at 6 months after breast cancer surgery, according to 4
categories of ROM. ROM categories refer to maximal arm abduction in degrees. Symptoms
were measured on a 5-point scale and dichotomized as bothered (any level) vs not bothered.
Abbreviations: ROM, range of motion; tend-a, arm tenderness; swel-a, arm swelling; pain-a,
arm pain; numb-a, arm numbness; skin-a, arm skin sensitivity; tight-a, arm tightness; weak-
a, arm weakness; tend-b, breast tenderness; swel-b, breast swelling; pain-b, breast pain;
numb-b, breast numbness; skin-b, breast skin sensitivity; tight-b, breast tightness.

Figure 1B. Proportion (%) of patients in NSABP B-32 reporting symptoms (all levels of
severity) in the arm and breast at 6 months after breast cancer surgery, according to arm
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edema (yes/no). Symptoms were measured on a 5-point scale and dichotomized as bothered
(any level) vs not bothered.

Abbreviations: ROM, range of motion; tend-a, arm tenderness; swel-a, arm swelling; pain-a,
arm pain; numb-a, arm numbness; skin-a, arm skin sensitivity; tight-a, arm tightness; weak-
a, arm weakness; tend-b, breast tenderness; swel-b, breast swelling; pain-b, breast pain;
numb-b, breast numbness; skin-b, breast skin sensitivity; tight-b, breast tightness.
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Figure 2.
Figure 2A. Proportion (%) of patients in NSABP B-32 reporting any limitations in arm

function, social/recreational activities, work activities, and overall HRQoL at 6 months after
breast cancer surgery, according to 4 categories of ROM. ROM categories refer to maximal
arm abduction in degrees. Arm function items had 4 options and were dichotomized as yes
(any level) vs no. Social/recreational and work/other activity questions had 5 options and
were dichotomized as yes (any level) vs no. Global HRQoL (0-10) was dichotomized as < 8
Vs 2 8.

Abbreviations: ROM, range of motion; Push/Pull, pushing or pulling large objects; Lift > 10
Ib, lifting objects > 10 Ib; Reach, reaching above shoulder level; Avoid, avoiding use of the
arm; Soc/Rec, limitation in social or recreational activities; Work, limitation in work or
other activities; G-HRQoL, global HRQoL score (0-10).

Figure 2B. Proportion (%) of patients in NSABP B-32 reporting any limitations in arm
function, social/recreational activities, work/other activities, and overall HRQoL at 6 months
after breast cancer surgery, according to arm edema (yes/no). Arm function items had 4
options and were dichotomized as yes (any level) vs no. Social/recreational and work/other
activity questions had 5 options and were dichotomized as yes (any level) vs no. Global
HRQoL (0-10) was dichotomized as < 8 vs > 8.

Abbreviations: Push/Pull, pushing or pulling large objects; Lift > 10 Ib, lifting objects >10
Ib; Reach, reaching above shoulder level; Avoid, avoiding use of the arm; Soc/Rec,
limitation in social or recreational activities; Work, limitation in work or other activities; G-
HRQoL, global HRQoL score (0-10).

J Support Oncol. Author manuscript; available in PMC 2014 August 13.



1duosnue Joyiny vd-HIN 1duosnue Joyiny vd-HIN

1duosnuely Joyiny vd-HIN

Kopec et al.

70

60

Percent
'S
o

w
o

10

Page 16

ONeur-0 ONeur-1 E Neur-2

Figure 3.
Proportion (%) of patients in NSABP B-32 reporting any limitations in arm function, social/

recreational activities, work/other activities, and overall HRQoL at 6 months after breast
cancer surgery, according to sensory neuropathy. Arm function items had 4 options and
were dichotomized as yes (any level) vs no. Social/recreational and work/other activity
questions had 5 options and were dichotomized as yes (any level) vs no. Global HRQoL (0—
10) was dichotomized as < 8 vs = 8.

Abbreviations: Neur-0, no numbness or tingling on clinical assessment; Neur-1, either
numbness or tingling; Neur-2, both numbness and tingling; Push/Pull, pushing or pulling
large objects; Lift > 10 Ib, lifting objects > 10 Ib; Reach, reaching above shoulder level,
Avoid, avoiding use of the arm; Soc/Rec, limitation in social or recreational activities;
Work/Other, limitation in work or other activities; G-HRQoL, global HRQoL score (0 — 10).
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Characteristics of the NSABP B-32 HRQoL Study Population at Baseline

Table 1

Characteristic

No. of Patients (N = 744)

% of Patients

Race
White 650 87.42
Black 69 932
Other 25 3.4@
Age
<50 years 161 21.6
=50 years 583 78.4
Treatment arm
AD 354 47.6
SNR 390 52.4
Tumor size
<2cm 648 87.1
2.1-4cm 91 12.2
24.1cm 5 0.7
Surgery
Lumpectomy 625 84.0
Modified radical mastectomy 119 16.0

Abbreviations: AD, axillary dissection; SNR, sentinel node resection.

a .
Percentages do not add up to 100% because of rounding.
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Table 2

Frequency of Arm Problems, Limitations in Social and Work Activities, and Decreased Global HRQoL in the
NSABP B-32 Study Population at 6 Months After Surgery

Characteristic No. of Patients (N = 744) | % of Patients

ROM (degrees)

<140 54 8.3
140 - 159 138 21.2
160 - 179 287 44.0
>180 173 26.5
Total 652 100.0
Edema
No 424 66.2
Yes 217 339
Total 641 100.1P
Neuropathy
0 (no sensory neuropathy) 446 67.9
1 (either numbness or tingling) 121 18.4
2 (numbness and tingling) 90 13.7
Total 657 100.0

Difficulty pushing/pulling large objects

Yes 210 31.2
No 464 68.8
Total 674 100.0

Difficulty lifting > 10 Ib

Yes 213 317
No 459 68.3
Total 672 100.0

Difficulty reaching above shoulder level

Yes 127 18.8
No 548 81.2
Total 675 100.0

Avoidance of arm use

Yes 205 30.6
No 465 69.4
Total 670 100.0

Restricted social and recreational activity
Yes 108 16.0
No 567 84.0
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Characteristic | No. of Patients (N = 744) | % of Patients
Total | 675 | 100.0

Restricted work and other activities
Yes 163 24.1
No 513 75.9
Total 676 100.0

Global HRQoL score@
<8 170 25.1
=8 508 74.9
Total 678 100.0

Abbreviations: ROM, range of motion; HRQoL, health-related quality of life.

aO = worst possible health; 10 = perfect health.

bPercentage does not equal 100% because of rounding.
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Table 3

Regression Coefficients for the Effects of Sensory Neuropathy and ROM on Limitations in Arm Function
(Model 1), Limitations in Work and Social Activities (Model 2), and Global HRQoL (Model 3) in
Multivariable Regression Models: NSABP B-32 at 6 Months After Breast Cancer Surgery

Model 1 Arm function limitations | Model 2 Activity limitations | Model 3 Global HRQoL
Predictor
Sensory neuropathy 0.516 0.514 -0.715
ROM -0.021 -0.023 0.017
Dominant side NA -2.532 NA
ROM x Dominant side NA 0.016 NA

Potential predictor variables in all models included sensory neuropathy, range of motion, edema, side of surgery (dominant vs nondominant), and
interactions between side and other variables. Results from the reduced model are presented. All coefficients were statistically significant with P <
0.01.

Abbreviations: ROM, range of motion; HRQoL, health-related quality of life.
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