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Abstract

Background: Almost one-half of aromatase inhibitor (AI)–treated breast cancer patients experience AI-associated musculo-
skeletal symptoms (AIMSS); 20%-30% discontinue treatment because of severe symptoms. We hypothesized that we could
identify predictors of pain reduction in AIMSS intervention trials by combining data from previously conducted trials.
Methods: We pooled patient-level data from 3 randomized trials testing interventions (omega-3 fatty acids, acupuncture, and
duloxetine) for AIMSS that had similar eligibility criteria and the same patient-reported outcome measures. Only patients
with a baseline Brief Pain Inventory average pain score of at least 4 of 10 were included. The primary outcome examined was
2-point reduction in average pain from baseline to week 12. Variable cut-point selection and logistic regression were used.
Risk models were built by summing the number of factors statistically significantly associated with pain reduction. Analyses
were stratified by study and adjusted for treatment arm. Results: For the 583 analyzed patients, the 4 factors statistically
significantly associated with pain reduction were Functional Assessment of Cancer Therapy Functional Well-Being greater
than 24 and Physical Well-Being greater than 14 (higher scores reflect better function), and Western Ontario and McMaster
Universities Osteoarthritis Index less than 50 and Modified Score for the Assessment and Quantification of Chronic
Rheumatoid Affections of the Hands less than 33 (lower scores reflect less pain). Patients with all 4 factors were greater than
6 times more likely to experience at least a 2-point pain reduction (odds ratio ¼ 6.37, 95% confidence interval ¼ 2.31 to 17.53,
2-sided P < .001); similar results were found for secondary 30% and 50% pain reduction endpoints. Conclusions: Patients with
AIMSS who have lower symptom and functional distress at study entry on AIMSS intervention trials are more likely to
experience meaningful pain reduction. Baseline symptom and functional status should be considered as stratification factors
in future interventional trials.

Aromatase inhibitors (AIs) act by lowering circulating estrogen con-
centrations in postmenopausal women. In large randomized con-
trolled trials of patients with hormone receptor (HR)–positive breast
cancer, AIs reduce breast cancer recurrence and death (1). However,
despite their proven benefit, many patients with HR-positive breast
cancer are unable to persist with therapy for the recommended 5-
10 years, primarily because of aggravating treatment-emergent
symptoms, which are reported at similar rates for all 3 AIs (2,3).
Nonpersistence with endocrine therapy has been associated with
increased breast cancer recurrence and mortality (4).

AI-associated musculoskeletal symptoms (AIMSS), including
arthralgias and myalgias, affect up to one-half of AI-treated
patients with breast cancer and can lead to early treatment

discontinuation in 20%-30% (2). Their etiology remains un-
known. Multiple AIMSS interventions have been examined in
randomized clinical trials, including omega-3 fatty acid (O3-FA)
supplements (SWOG S0927) (5), the antidepressant duloxetine
(S1202) (6), and acupuncture (S1200) (7). Duloxetine and acu-
puncture were both shown to statistically significantly improve
joint pain compared with placebo control in patients with
AIMSS, whereas O3-FA supplementation did not result in supe-
rior pain reduction compared with placebo. Few analyses have
been reported to date examining predictors of response to
AIMSS interventions (5-9). In both S0927 and S1202, obese
patients were more likely to report pain reduction with the
study intervention compared with nonobese patients (10,11).
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Patient-reported outcomes (PROs) are standardized instru-
ments that can elicit a patient’s direct report of symptoms. In
early-stage HR-positive breast cancer, PROs have been used to
show that patients with a higher level of symptom burden be-
fore AI initiation are more likely to prematurely discontinue AI
therapy (12,13). More recently, higher levels of patient-reported
symptoms early during AI therapy were shown to be associated
with reduced adherence to AI therapy (14).

To design clinical trials to identify optimal treatments for
patients with AIMSS, it is important to understand which clini-
cal trial participants are more likely to experience pain reduc-
tion in the trial setting, irrespective of their assigned treatment.
By combining data from the 3 previously conducted SWOG clini-
cal studies of AIMSS interventions (S0927, S1200, and S1202), we
hypothesized that we could identify baseline patient character-
istics, including clinical and demographic factors and PROs, that
predict pain reduction due to treatment in the context of symp-
tom management clinical trials for patients with AIMSS.

Methods

Patient Population

Data from 3 randomized controlled studies examining treat-
ments for AIMSS were included in this analysis. SWOG S0927
was a randomized study in which 262 patients with a worst
joint pain or stiffness score of at least 5 of 10 on the Brief Pain
Inventory-Short Form (BPI-SF) (15) were randomly assigned 1:1
to O3-FA 3.3 g/d or matching placebo and treated for 24 weeks
(5). S1202 was a randomized study in which 299 patients with
an average BPI-SF joint pain score of at least 4 of 10 were ran-
domly assigned 1:1 to duloxetine 60 mg/d or matching placebo
and treated for 12 weeks (6). S1200 was a randomized study in
which 226 patients with a BPI-SF worst joint pain or stiffness
score of at least 3 of 10 were randomly assigned 2:1:1 to true
acupuncture, sham acupuncture, or waitlist control and treated
for 12 weeks (7). All 3 studies were conducted after approval by
individual institutional review boards, and all patients provided
written informed consent before undergoing any study-related
procedures.

All 3 studies had similar eligibility criteria, as previously
reported (5-7). Patients were postmenopausal women with
stage I-III HR-positive breast cancer and were required to have
been taking 1 of the 3 third-generation AI medications (anastro-
zole, exemestane, or letrozole) for at least 21-90 days, depending
on the individual study. This analysis included only patients
with a baseline average pain score of at least 4 out of 10 on the
BPI-SF.

Patient-Reported Outcomes

The primary outcome for all 3 studies was based on the BPI-SF,
which was used to assess joint pain and stiffness (15). Patients
used a 0-to-10 numeric rating scale to assess joint pain and
stiffness as well as the degree to which pain interfered with ac-
tivities over the past 7 days, with 10 being the worst pain imag-
inable. Additional assessments of joint pain, stiffness, and
functional status in the hands and knees were performed using
the Modified Score for the Assessment and Quantification of
Chronic Rheumatoid Affections of the Hands and the Western
Ontario and McMaster Universities Osteoarthritis Index, respec-
tively (16,17). The Functional Assessment of Cancer Therapy
(FACT) Endocrine Symptoms Trial Outcome Index measures

physical well-being and functional well-being as well as endo-
crine symptoms (18). Details about the instruments are pro-
vided in Supplementary Table 1 (available online).

Other Variables

In addition to the PRO variables, other variables were examined,
including age, height, weight, body mass index (BMI), self-
reported race (Black vs non-Black), self-reported ethnicity
(Hispanic vs non-Hispanic), total time on AI therapy, breast can-
cer stage (I and II vs III), prior taxane therapy (yes vs no), and
concurrent bisphosphonate use (yes vs no). Reporting race and
ethnicity in this study was mandated by the US National
Institutes of Health consistent with the Inclusion of Women,
Minorities, and Children policy. Race was analyzed separately
from ethnicity. In regression analyses, because less than 5% of
individuals self-reported in the American Indian or Alaska
Native, Asian, and Native Hawaiian or Other Pacific Islander cat-
egories, they were combined with White in the analysis and cat-
egorized as non-Black.

Statistical Analysis

In this analysis, the endpoint of interest was average joint pain
over the past 7 days as assessed using the BPI-SF. There is no
single magnitude of change value that has been determined to
be the gold standard for minimal clinically important improve-
ment in the pain literature. Therefore, we evaluated multiple
common approaches to defining clinically significant change in
this endpoint based on the Initiative on Methods,
Measurement, and Pain Assessment in Clinical Trials. We con-
sidered at least an absolute 2-point reduction (on a 10-point
scale) to be the primary outcome, and at least a 30% relative re-
duction and at least a 50% relative reduction in BPI average pain
from baseline to 12 weeks to be secondary outcomes (19,20). In
previously performed analyses, 2-point absolute and 30% rela-
tive reductions have been associated with at least moderate
clinically important improvements in pain, whereas 50% rela-
tive reductions have been associated with substantial improve-
ments (20-22).

Patient characteristics at baseline were described overall
and for each of the 3 studies individually. Differences by study
were identified using v2 tests. All statistical tests were 2-sided,
and P less than .05 was considered statistically significant.

Variable Cut-Point Selection for Predictor Variables. Variable cut-
point selection was performed on all continuous variables (age,
height, weight, BMI, and all PRO measures) that were considered
potentially associated with reduction in BPI average pain to
identify the cut-point that optimally discriminated levels of
pain between groups of patients with high vs low levels of the
variable (see the Supplementary Methods, available online for
full details). For each continuous variable, we calculated the
Wald v2 statistic from a logistic regression analysis using a spec-
trum of cutpoints (23). All models were stratified by study and
adjusted for an indicator variable denoting active agent treat-
ment group. The signed Wald v2 statistic for each cut-point–spe-
cific logistic regression model was plotted; the cutpoint that
established the greatest difference among the 3 outcomes
(based on the absolute magnitude of the v2 statistic) was used
as a cutpoint for that continuous variable for all outcome
analyses.
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Model Building. An aggregate pain reduction model was built.
First, for each baseline characteristic, we examined whether the
binary variable—based on either predefined (eg, stages I and II
vs III) categories or levels defined by the variable cut-point anal-
ysis described above—was associated with each measure of
pain reduction between baseline and 12 weeks using logistic re-
gression, stratified by study and adjusted for treatment arm.
Candidate variables identified as statistically significant at the a

¼ .05 level were used to generate a pain reduction score for each
patient, calculated as the total number of individual factors as-
sociated with pain reduction the patient experienced (eg, if low
age and low BMI were individually associated with pain reduc-
tion and a patient met both categories, their pain reduction
score equaled 2). This score was calculated separately for each
outcome. We also derived a parsimonious model including only
variables that were statistically significantly associated with all
3 outcomes (see the Supplementary Methods, available online
for full details).

Results

Patients

A total of 185 patients from S0927, 158 patients from S1200, and
240 patients from S1202 met the eligibility criteria and were in-
cluded in the analysis (Supplementary Figure 1, available on-
line). One patient enrolled in both S0927 and S1202; the data
from S0927 were retained based on its earlier date of
registration.

Demographic and clinicopathologic factors, including me-
dian age, median BMI, and cancer stage, were similar across
studies (Table 1). The median baseline BPI average pain was 5
out of 10, and the median BPI worst pain was 7 out of 10 for all 3
studies. A higher proportion of patients on S0927 had a baseline
BPI pain interference of 0-2 (29.7%) compared with the other 2
studies (19.2%–20.9%). Total time on AI therapy was statistically
significantly shorter for patients treated on S1202.

Reductions in Pain by Study

Across studies, including active intervention and control
groups, 54.4% of patients reported at least a 2-point reduction in
pain between baseline and 12 weeks (Table 1). Higher propor-
tions of patients in the S1200 and S1202 studies reported pain
reduction on average, consistent with the overall findings for
these trials of a beneficial effect of the interventions (6,7).

Variable Cut-Point Analysis

Plots of score v2 statistics by ranking of continuous variables in-
dicate that the cutpoints providing the best model fit are age
younger than 70 years, weight less than 75 kg, height less than
155 cm, BMI less than 30 kg/m2, time on AI therapy less than
180 days, breast cancer stage III, baseline BPI average pain score
less than 5, BPI worst pain score less than 6, BPI pain interfer-
ence less than 3, FACT functional well-being at least 24, FACT
physical well-being at least 14, FACT endocrine symptoms at
least 42, Western Ontario and McMaster Universities
Osteoarthritis Index (knee symptoms) less than 50, and
Modified Score for the Assessment and Quantification of
Chronic Rheumatoid Affections of the Hands (hand symptoms)
less than 33 (Supplementary Figure 2, available online).

There was no evidence that any of the demographic varia-
bles were statistically significantly associated with any of the 3
pain reduction endpoints (Table 2; Supplementary Table 2,
available online). Total time on AI therapy less than 180 days
was associated with greater likelihood of a 2-point reduction in
pain (odds ratio [OR]¼ 1.65, 95% confidence interval [CI] ¼ 1.08
to 2.53, P ¼ .02). No other clinical factors were statistically signif-
icantly associated with pain reduction endpoints.

Patients with better functional and physical well-being and
fewer knee and hand symptoms were more likely to have a 2-
point or more reduction in pain (Figure 1; Table 2). These varia-
bles were also statistically significantly associated with pain re-
duction of 30%, as were less pain interference and fewer
endocrine symptoms (Supplementary Figure 3 and
Supplementary Table 2, available online). All 8 PRO domains ex-
cept fewer endocrine symptoms were associated with pain re-
duction of 50% (Supplementary Figure 3 and Supplementary
Table 2, available online).

Endpoint-Specific Pain Reduction Models

The 5 beneficial factors that were statistically significantly asso-
ciated with a 2-point reduction in average pain were included in
the pain reduction model. Observed rates of pain reduction in-
creased consistently as the number of factors increased
(Table 3). The odds of at least a 2-point pain reduction were 3.81
(95% CI ¼ 1.77 to 8.20, P < .001) for those with 4 factors (69.8%
with pain reduction) compared with those with no factors
(37.9% with pain reduction). When simplified into 2 groups,
patients with a high number of beneficial factors based on the
median split of number of pain reduction factors were more
than twice as likely to experience 2-point pain reduction
(OR¼ 2.06, 95% CI ¼ 1.45 to 2.91, P < .001).

The 6 factors associated with a 30% reduction in pain and
the 7 factors associated with a 50% reduction in pain were also
included in respective pain reduction models. Observed rates of
pain reduction increased consistently as the number of factors
increased (Supplementary Table 3, available online). When sim-
plified into 2 groups, patients with a high number of factors
based on the median split of number of pain reduction factors
were more than twice as likely to experience 30% pain reduction
(OR¼ 2.19, 95% CI ¼ 1.56 to 3.08, P < .001) and 50% pain reduc-
tion (OR¼ 2.58, 95% CI ¼ 1.74 to 3.81, P < .001).

Parsimonious Models for Pain Reduction

In the 583 analyzed patients, 4 factors—better functional well-
being, better physical well-being, fewer knee symptoms, and
fewer hand symptoms—were statistically significantly associ-
ated with pain reduction for all 3 endpoints. Patients with all 4
of these more beneficial factors were more than 6 times more
likely to experience pain reduction of 2 points or more
(OR¼ 6.37, 95% CI ¼ 2.31 to 17.53, P < .001; Figure 2), more than
6 times more likely to experience 30% pain reduction (OR¼ 6.87,
95% CI ¼ 2.59 to 18.26, P < .001), and more than 8 times more
likely to experience 50% pain reduction (OR¼ 8.78, 95% CI ¼ 3.42
to 22.55, P < .001; Supplementary Figure 4, available online)
compared with patients with no beneficial factors. Similarly,
notable trends were observed when the number of risk factors
for pain reduction were considered for each increase per factor
and as a binary indicator variable for high (2-4) vs low (0–1)
number of factors.
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Table 1. Patient characteristics at baseline

Characteristic All studies S0927 (O3-FA) S1200 (Acupuncture) S1202 (Duloxetine) Pa

Total No. 583 185 158 240
Demographics

Race, No. (%) .17
American Indian or Alaska Native 4 (0.7) 1 (0.5) 1 (0.6) 2 (0.8)
Asian 19 (3.3) 4 (2.2) 10 (6.3) 5 (2.1)
Black 40 (6.9) 13 (7.0) 6 (3.8) 21 (8.8)
Multiracial 3 (0.5) 2 (1.1) 0 1 (0.4)
Native Hawaiian or other Pacific

Islander
1 (0.2) 0 0 1 (0.4)

Unknown 7 (1.2) 5 (2.7) 2 (1.3) 0
White 509 (87.3) 160 (86.5) 139 (88.0) 210 (87.5)

Ethnicity, No. (%) .16
Non-Hispanic 549 (94.2) 173 (93.5) 145 (91.8) 231 (96.3)
Hispanic 34 (6.0) 12 (6.5) 13 (8.2) 9 (3.8)

Age, median (range), y 60 (27-84) 59 (42-84) 60 (27-80) 60 (27-83) .95
<70, No. (%) 507 (87.0) 160 (86.5) 137 (86.7) 210 (87.5)
�70, No. (%) 76 (13.0) 25 (13.5) 21 (13.3) 30 (12.5)

Weight, median (range), kg 80 (45-196) 80 (45-156) 78 (48-144) 82 (48-196) .23
<75, No. (%) 218 (37.4) 73 (39.5) 65 (41.1) 80 (33.3)
�75, No. (%) 365 (62.6) 112 (60.5) 93 (58.9) 160 (66.7)

Height, median (range), cm 163 (124-198) 165 (124-188) 163 (131-198) 163 (125-180) .12
<155, No. (%) 53 (9.1) 23 (12.4) 14 (8.9) 16 (6.7)
�155, No. (%) 530 (90.9) 162 (87.6) 144 (91.1) 224 (93.3)

BMI, median (range), kg/m2 30 (18-84) 29 (19-52) 29 (19-84) 31 (18-76) .39
<30, No. (%) 293 (50.3) 99 (53.5) 81 (51.3) 113 (47.1)
�30, No. (%) 290 (49.7) 86 (46.5) 77 (48.7) 127 (52.9)

Clinical factors
Breast cancer stage, No. (%)

I 279 (47.9) 91 (49.2) 65 (41.1) 123 (51.3) .32
II 229 (39.3) 69 (37.3) 72 (45.6) 88 (36.7)
III 72 (12.3) 25 (13.5) 18 (11.4) 29 (12.1)

Prior taxane therapyb, No. (%)
No 191 (44.9) 81 (43.8) — 110 (45.8) .67
Yes 234 (55.1) 104 (56.2) — 130 (54.2)

Prior bisphosphonate therapy, No.
(%)

No 467 (80.1) 149 (80.5) 142 (89.9) 176 (73.3) <.001
Yes 116 (19.9) 36 (19.5) 16 (10.1) 64 (26.7)

Total time on AI therapy, median
(range), d

365 (10-3281) 434 (10-2645) 403 (37-3281) 285 (21-1215) <.001

<180, No. (%) 121 (20.8) 23 (12.4) 29 (18.4) 69 (28.8)
�180, No. (%) 462 (79.2) 162 (87.6) 129 (81.6) 171 (71.3)

Patient-reported outcomes
Minimum reduction in average pain
from baseline to wk 12, No. (%)

2-point change 317 (54.4) 83 (44.9) 81 (51.3) 153 (63.8) <.001
30% change 300 (51.5) 76 (41.1) 75 (47.5) 149 (62.1) <.001
50% change 208 (35.7) 47 (25.4) 54 (34.2) 107 (44.6) <.001
BPI average pain, median (range) 5 (4-10) 5 (4-10) 5 (4-9) 5 (4-10) .006
<5 (less pain), No. (%) 138 (23.7) 29 (15.7) 47 (29.7) 62 (25.8)
�5 (more pain), No. (%) 445 (76.3) 156 (84.3) 111 (70.3) 178 (74.2)
BPI worst pain, median (range) 7 (3-10) 7 (5-10) 7 (4-10) 7 (3-10) .61
<6 (less pain), No. (%) 104 (17.8) 32 (17.3%) 25 (15.8) 47 (19.6)
�6 (more pain), No. (%) 479 (82.2) 153 (82.7) 133 (84.2) 193 (80.4)
BPI pain interference, median

(range)
4 (0-10) 4 (0-10) 4 (0-10) 5 (0-10) .03

<3 (less pain), No. (%) 134 (23.0) 55 (29.7) 33 (20.9) 46 (19.2)
�3 (more pain), No. (%) 449 (77.0) 130 (70.3) 125 (79.1) 194 (80.8)
Functional well-being, median

(range)
17 (2-28) 17 (2-28) 17 (5-27) 17 (3-28) .77

�24 (better function), No. (%) 69 (11.8) 22 (11.9) 21 (13.3) 26 (10.8)
<24 (worse function), No. (%) 514 (88.2) 163 (88.1) 137 (86.7) 214 (89.2)

(continued)
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Discussion

In this large cohort of patients who were all reporting AI-
associated arthralgias and enrolled in 1 of 3 large prospective
trials of interventions for AIMSS, we found that those patients
with lower symptom and functional distress at the time of trial
enrollment were more likely to report the greatest improvement
over time, even after controlling for the intervention effects.
Importantly, regardless of how pain reduction was categorized,
patients with more symptom scores associated with improved
outcome had the greatest reduction in pain.

When future clinical trials are designed to investigate AIMSS
interventions, focusing enrollment on those patients with more
impaired physical function may be more likely to yield effective
results, because those patients have reported less benefit from
the interventions studied thus far. The findings also suggest
that stratification based on baseline functional status may be
important, possibly more important than stratifying based on
baseline pain, which has been the norm to date.

Pain management studies, such as those of interventions for
AIMSS, can be challenging to perform and interpret. First, there
is no pathognomonic finding to diagnose AIMSS, and the defini-
tion is based on subjective symptoms rather than objective
assessments. Therefore, there is likely heterogeneity in the un-
derlying etiology for enrolled patients across all trials, although
given the similar eligibility criteria for the 3 trials it is unlikely
that substantial differences in musculoskeletal pain etiology ex-
ist between trials. Second, pain is subjective and can vary
depending on multiple factors other than the AI medication and
the study intervention, including recent physical activity levels
and environmental factors. Finally, there is no accepted single
definition of improvement in pain despite considerable deliber-
ations by experts in the field, although guidelines in the chronic
pain field consider a 2-point improvement in pain to be clini-
cally meaningful (19,20,24).

The 4 factors (better functional well-being, better physical
well-being, fewer knee symptoms, and fewer hand symptoms)
that were statistically significantly associated with pain reduc-
tion for all 3 pain improvement endpoints we evaluated have
particular relevance for AI-associated pain in cancer patients.
This may reflect that AI therapy can cause both pain and

stiffness as opposed to a purely pain phenotype. In contrast, the
pain-focused measures (average, worst) were only statistically
significantly associated with the greatest reduction in pain.

An additional important feature of symptom management
interventional trials is the need to account for placebo response.
The placebo effect is a patient’s response to participation in a
therapeutic encounter, including both the clinician and the
treatment environment itself (25). Importantly, with any inter-
vention a patient can experience both the intended intervention
effect and a placebo effect. A high proportion of placebo-treated
patients in the clinical trials included in this analysis reported
at least a 2-point reduction in pain, ranging from 33.3% to 58.8%
after 6-12 weeks of therapy. In this secondary analysis of factors
associated with pain reduction, we included all participants re-
gardless of whether they were assigned to the study interven-
tion or control because they all can experience a placebo effect.
Secondary analyses such as this one, performed with the goal of
increasing understanding of response to pain management
interventions in different populations enrolled in placebo-
controlled trials, provide information important for optimally
designing future trials of treatments for AIMSS.

Several limitations of this analysis should be noted. First,
the PRO data were collected only at the time of trial enrollment,
when patients were already symptomatic with AIMSS.
Symptom burden and physical function at the time of initiation
of AI therapy are unknown. Further, the additional effect of
other patient-reported symptoms, such as anxiety, depression,
and insomnia, on pain reduction cannot be examined because
those data were not collected. Also, we chose to combine differ-
ent studies and intervention arms to provide more statistical
power, a strategy supported by the similarity across studies in
patient characteristics, eligibility criteria, and data collection.
However, the association between the baseline variables and
AIMSS may differ across the different studies and arms,
which—even after adjusting for key variables such as study,
arm, and baseline pain—could influence interpretation in un-
known ways, especially for a symptom with potentially differ-
ent etiologies. Additionally, our analysis establishes the
principal that patient report of symptoms, well-being, and func-
tional status at baseline can meaningfully predict the risk of

Table 1. (continued)

Characteristic All studies S0927 (O3-FA) S1200 (Acupuncture) S1202 (Duloxetine) Pa

Physical well-being, median
(range)

19 (0-28) 19 (0-26) 19 (5-28) 19 (1-27) .85

�14 (better function), No. (%) 487 (83.5) 157 (84.9) 132 (83.5) 198 (82.5)
<14 (worse function), No. (%) 96 (16.5) 28 (15.1) 26 (16.5) 41 (17.1)
Endocrine subscale, median

(range)
56 (6-76) 56 (11-76) 55 (26-75) 56 (6-72) .39

�42 (fewer symptoms), No. (%) 499 (85.6) 163 (88.1) 141 (89.2) 195 (81.3)
<42 (more symptoms), No. (%) 84 (14.4) 22 (11.9) 17 (10.8) 45 (18.8)
WOMAC, median (range) 53 (6-99) 55 (6-98) 54 (26-93) 52 (17-99) .11
<50 (less pain), No. (%) 245 (42.0) 70 (37.8) 62 (39.2) 113 (47.1)
�50 (more pain), No. (%) 338 (58.0) 115 (62.2) 96 (60.8) 127 (52.9)
M-SACRAH, median (range) 36 (0-100) 40 (0-96) 34 (0-85) 34 (0-100) .18
<33 (fewer symptoms), No. (%) 261 (44.8) 73 (39.5) 77 (48.7) 111 (46.3)
�33 (more symptoms), No. (%) 322 (55.2) 112 (60.5) 81 (51.3) 129 (53.8)

aP value compares S0927, S1200, and S1202 using a 2-sided v2 test. AI ¼ aromatase inhibitor; BMI ¼ body mass index; BPI ¼ Brief Pain Inventory; M-SACRAH ¼Modified

Score for the Assessment and Quantification of Chronic Rheumatoid Affections of the Hands; O3-FA ¼ omega-3 fatty acid; WOMAC ¼Western Ontario and McMaster

Universities Osteoarthritis Index.
bTaxane chemotherapy information not available for participants in S1200.
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Table 2. Association of baseline characteristics and patient-reported outcomes with at least a 2-point absolute reduction in BPI average pain
from baseline to 12 weeks

Characteristic Rates of pain reduction, % OR (95% CI)a Pa,b

Demographics
Race

Non-Black 53.6 Referent
Black 62.5 1.37 (0.70 to 2.69) .36

Ethnicity
Not Hispanic 54.8 Referent
Hispanic 47.1 0.79 (0.39 to 1.60) .52

Age
70 y or older 47.4 Referent
<70 y 55.4 1.37 (0.84 to 2.23) .21

Height
155 cm or taller 53.9 Referent
<155 cm 60.4 1.44 (0.80 to 2.59) .22

Weight
75 kg or heavier 52.9 Referent
<75 kg 56.9 1.23 (0.88 to 1.74) .23

BMI
�30 kg/m2 54.0 Referent
<30 kg/m2 54.9 1.08 (0.78 to 1.50) .65

Clinical factors
Total time on AI therapy
�180 d 51.4 Referent
<180 d 66.1 1.65 (1.08 to 2.53) .02

Breast cancer stage
I or II 53.7 Referent
III 58.3 1.22 (0.73 to 2.03) .44

Prior taxane therapyc

No 55.0 Referent
Yes 56.0 1.07 (0.73 to 1.59) .72

Prior bisphosphonates
No 53.7 Referent
Yes 56.9 1.04 (0.68 to 1.58) .86

Patient-reported outcomes
BPI average pain
�5 (more pain) 56.2 Referent
<5 (less pain) 48.6 0.68 (0.46 to 1.01) .06

BPI worst pain
�6 (more pain) 53.4 Referent
<6 (less pain) 58.7 1.21 (0.78 to 1.87) .39

BPI pain interference
�3 (more pain) 52.7 Referent
<3 (less pain) 59.7 1.45 (0.97 to 2.17) .07

FACT functional well-
being
<24 (worse function) 52.0 Referent
�24 (better function) 71.0 2.34 (1.34 to 4.07) .003

FACT physical well-being
<14 (worse function) 38.9 Referent
�14 (better function) 57.3 2.20 (1.39 to 3.47) <.001

FACT endocrine subscale
<42 (more symptoms) 47.3 Referent
�42 (fewer symptoms) 55.3 1.48 (0.90 to 2.44) .12

WOMAC
�50 (more pain) 47.9 Referent
<50 (less pain) 63.3 1.79 (1.28 to 2.52) <.001

M-SACRAH
�33 (more symptoms) 47.7 Referent
<33 (fewer symptoms) 62.5 1.81 (1.29 to 2.53) <.001

aOdds ratios and P values are stratified by study and adjusted for an indicator variable denoting active agent treatment arm. AI ¼ aromatase inhibitor; BMI ¼ body

mass index; BPI ¼ Brief Pain Inventory; CI ¼ confidence interval; FACT ¼ Functional Assessment of Cancer Therapy; M-SACRAH ¼ Modified Score for the Assessment

and Quantification of Chronic Rheumatoid Affections of the Hands; OR ¼ odds ratio; Ref ¼ reference; WOMAC ¼ Western Ontario and McMaster Universities

Osteoarthritis Index.
bTested using 2-sided Wald v2 tests.
cPrior taxane therapy information is not available for participants in S1200.
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AIMSS; however, a model derived from identifying optimal cut-
points is unlikely to be fully replicated in a separate analysis. A
follow-up analysis would be required to validate our hypothesis.
Finally, our study did not evaluate AI adherence itself, which—
given more heterogeneous data collection for this endpoint
across the trials—was beyond the scope of this analysis.

It is possible that the findings of benefit from these therapies
simply represent regression to the mean. Alternatively, the pat-
tern of symptom expression and functional loss may be attrib-
utes of patients that affect their pattern of response to
interventions. For example, patients with somatization may be
less likely to respond to treatment interventions. These findings
could also suggest that the timing of symptom intervention is
important such that early initiation of interventions for AIMSS,
before symptoms worsen enough to impact physical function,
may be a more effective strategy.

Overall, our findings identify a cohort of patients who were
most likely to report pain reduction when treated on a clinical
trial for management of AIMSS. Baseline symptom and func-
tional status should be considered as stratification factors in fu-
ture interventional trials. Future research is needed to further
refine which interventions are most appropriate for individual
patients with AIMSS and to identify effective interventions for
patients with greater symptom burden.

Funding

This work was supported by the National Cancer Institute at
the National Institutes of Health (grant number CA189974)
and the Hope Foundation for Cancer Research. The content
is solely the responsibility of the authors and does not

Figure 1. Forest plot representation of odds ratios for associations between at least a 2-point improvement in pain and questionnaire responses divided according to

variable cutpoint. The error bars represent the 95% confidence intervals. P values were calculated using 2-sided Wald v2 tests.

Table 3. Model results for 2-point absolute reduction in pain

Factor No (n¼ 266)/Yes (n¼ 317) Rates of pain reduction, % OR (95% CI)a Pa,b

No. of concurrent factors associated with
2-point absolute pain reductionc

0 36/22 37.9 Referent
1 89/70 44.0 1.34 (0.72 to 2.51) .35
2 74/81 52.3 1.75 (0.93 to 3.28) .08
3 48/91 65.5 3.01 (1.58 to 5.72) <.001
4 19/44 69.8 3.81 (1.77 to 8.20) <.001
5 0/9 — —

Pain reduction score, per added benefi-
cial factor

1.48 (1.28 to 1.71) <.001

Pain reduction score group
0–1 125/92 42.4 Referent
2–4 141/216 60.5 1.98 (1.40 to 2.80) <.001
5 0/9 — —
Trend 2.14 (1.54 to 3.00) <.001

High pain reduction
No (0–1) 125/92 42.4 Referent
Yes (2–5) 141/225 61.5 2.06 (1.45 to 2.91) <.001

aOdds ratios and P values are stratified by study and adjusted for an indicator variable denoting active agent treatment arm. AI ¼ aromatase inhibitor; CI ¼ confidence

interval; FACT-ES ¼ Functional Assessment of Cancer Therapy endocrine subscale; M-SACRAH ¼ Modified Score for the Assessment and Quantification of Chronic

Rheumatoid Affections of the Hands; OR ¼ odds ratio; Ref ¼ reference; WOMAC ¼Western Ontario and McMaster Universities Osteoarthritis Index.
bTested using 2-sided Wald v2 tests.
cOutcome-specific pain reduction scores include total time on AI therapy; FACT-ES functional and physical well-being; WOMAC; M-SACRAH. “High pain reduction”

includes participants with greater than or equal to median score, which is 2 for the 2-point outcome.

N. L. Henry et al. | 7 of 9
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