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A B S T R A C T

Purpose
Aromatase inhibitors (AIs) are effective for treatment of hormone receptor–positive breast cancer, but
adherence and persistence with therapy are poor. Predictors of treatment discontinuation are not
clearly defined. It is unknown whether patients with intolerable toxicity from one AI are able to
tolerate another.

Patients and Methods
Women with early-stage breast cancer initiating AI therapy were enrolled onto a multicenter,
prospective, open-label randomized trial of exemestane versus letrozole. Patients completed
symptom questionnaires at baseline and serially during therapy. Patients who developed AI-
associated intolerable symptoms and discontinued treatment were given the option to switch to
the other study AI after a 2- to 8-week washout period.

Results
Of the 503 enrolled women, 32.4% discontinued initial AI therapy within 2 years because of
adverse effects; 24.3% discontinued specifically because of musculoskeletal symptoms. Median
time to treatment discontinuation as a result of any symptom was 6.1 months (range, 0.1 to 21.2
months) and was significantly shorter in patients randomly assigned to exemestane (hazard ratio
[HR], 1.5; 95% CI, 1.1 to 2.1; P � .02). Younger age and taxane-based chemotherapy were
associated with higher likelihood of treatment discontinuation (HR, 1.4; 95% CI, 1.02 to 1.9; P �
.04; and HR, 1.9; 95% CI, 1.00 to 3.6; P � .048, respectively). Of the 83 patients who chose to
switch to the second AI, 38.6% continued the alternate AI for a median of 13.7 months.

Conclusion
Premature discontinuation of initial AI therapy as a result of symptoms is common, although more than
one third of patients may be able to tolerate a different AI medication. Additional research is needed
to identify predictive tools and interventions for AI-associated treatment-emergent symptoms.

J Clin Oncol 30:936-942. © 2012 by American Society of Clinical Oncology

INTRODUCTION

Treatment with an aromatase inhibitor (AI) im-
proves disease-free survival compared with ta-
moxifen1 and is recommended for inclusion in
the treatment regimen for postmenopausal
women with early-stage, hormone receptor (HR)
–positive breast cancer.2 Cross-trial, indirect
comparisons suggest that the three commercially
available AIs, the azoles (letrozole and anastro-
zole) and the steroidal compound exemestane,
have similar benefits and toxicities when com-
pared with tamoxifen,3-7 and recently reported
results demonstrate that the safety and efficacy of
anastrozole are nearly identical to exemestane.4

Although aromatase inhibition was initially
thought to be well tolerated, subsequent research
and clinical experience have demonstrated that
AIs are associated with frequently occurring tox-
icities that negatively impact persistence with
therapy.8-10 Of these, musculoskeletal toxicities
are the most common, occurring in up to 50% of
patients.9 The etiology of AI-associated musculo-
skeletal symptoms remains unclear but may be a
result, in part, of estrogen deprivation.9 Although
AI-associated musculoskeletal symptoms seem
to be a class effect, in one study, women who
developed intolerable musculoskeletal symptoms
while taking anastrozole were enrolled onto a
clinical trial of letrozole therapy. Surprisingly,
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71.5% of patients were able to tolerate the second AI for at least 6
months.11 These data suggest that individual patient differences
may dictate intolerance to one but not another AI. Some studies
have suggested that development of adverse effects may be associ-
ated with obesity, prior chemotherapy, and no prior tamoxifen
therapy.10,12 However, none of these has been confirmed, and tools
to predict which patients will develop AI-associated musculoskel-
etal symptoms are not currently available.

We prospectively enrolled patients with HR-positive breast
cancer onto the Exemestane and Letrozole Pharmacogenetics
(ELPh) clinical trial, in which several clinical phenotypes were
carefully annotated after random assignment to either exemestane
or letrozole.8 The overall primary objective of the ELPh trial was to
correlate change in breast density with 2 years of AI therapy and
inherited variants in the aromatase gene, CYP19. In the exploratory
analysis reported in this article, we hypothesized that a proportion
of women who could not tolerate exemestane could tolerate letro-
zole, and vice versa. The primary goal was to evaluate persistence
with the second agent and to investigate clinical indicators of which
patients might tolerate which of the two drugs.

PATIENTS AND METHODS

Patients

Eligible patients were recruited from August 2005 through July 2009 to
the prospective ELPh trial (ClinicalTrials.gov identifier: NCT00228956). This
trial was conducted by the Consortium on Breast Cancer Pharmacogenomics,
which includes the Indiana University Bren and Melvin Simon Cancer Center,
the Sidney Kimmel Comprehensive Cancer Center at Johns Hopkins Univer-
sity, and the University of Michigan Comprehensive Cancer Center. Detailed
inclusion and exclusion criteria have previously been described.8 In brief,
postmenopausal women with stage 0 to III HR-positive breast cancer were
eligible. Prior tamoxifen was permitted, but women could not have previously
received an AI. All indicated surgery, chemotherapy, and radiation therapy for
breast cancer were completed before enrollment. The protocol was approved
by the institutional review boards of all participating study sites. All enrolled
patients provided written informed consent. The clinical trial was reviewed by
an independent Data and Safety Monitoring Committee on a biannual basis.

Study Design

After enrollment, women were randomly assigned to treatment with
exemestane (25 mg) or letrozole (2.5 mg) daily for 2 years. Random assign-
ment was stratified based on prior tamoxifen, prior chemotherapy, and bis-
phosphonate therapy. Patients underwent clinical evaluation before starting

Table 1. Baseline Patient Demographics or Clinical Characteristics for All Enrolled Patients, by Treatment Allocation and by Treatment Discontinuation

Demographic or Clinical
Characteristic

All Enrolled
Patients

(N � 500)

Randomly
Assigned to

Letrozole
(n � 252)

Randomly
Assigned to
Exemestane

(n � 248)

Discontinued AI
Because of
Symptoms
(n � 163)

Continued AI
(n � 294)

No. % No. % No. % No. % No. %

Age, years
Median 59 59 59 57 60
Range 35-89 38-89 35-85 37-83 35-84

Race
White 441 88.2 219 86.9 222 89.6 148 90.8 257 87.4
Black 46 9.2 27 10.7 19 7.7 12 7.4 27 9.2
Other 13 2.6 6 2.4 7 2.8 2 1.2 8 2.7

Weight, kg
Mean 79.3 79.2 79.4 78.7 80.5
SD 17.4 17.7 17.2 16.1 17.9

BMI, kg/m2

Mean 29.9 30.0 29.9 29.7 30.3
SD 6.4 6.6 6.2 6.2 6.5

Prior tamoxifen 184 36.8 93 36.9 91 36.7 63 38.7 102 34.7
Prior HRT 242 48.1 114 45.2 127 51.2 79 48.5 151 51.4
Prior chemotherapy 228 45.6 114 45.2 114 46.0 72 44.2 129 43.9
Time since chemotherapy, years

Median 0.6 0.6 0.7 0.5 0.5
Range 0-8.8 0-8.8 0-8.8 0-6.8 0-8.8

Prior taxane 163 32.6 83 32.9 80 32.3 58 35.6 88 29.9
Assigned AI

Letrozole 252 50.4 252 100 0 0 72 44.2 163 55.4
Exemestane 248 49.6 0 0 248 100 91 55.8 131 44.6

Baseline VAS score
Mean 2.5 2.5 2.5 2.7 2.4
Range 0-9.7 0-9.7 0-9.2 0-9 0-9.7

Baseline HAQ score
Mean 0.2 0.2 0.2 0.2 0.3
Range 0-2.25 0-2.25 0-1.5 0-1.625 0-2.25

Abbreviations: AI, aromatase inhibitor; BMI, body mass index; HAQ, Health Assessment Questionnaire; HRT, hormone replacement therapy; SD, standard
deviation; VAS, pain visual analog scale.
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treatment and after 1, 3, 6, 12, and 24 months and completed the modified
Health Assessment Questionnaire (HAQ) and pain visual analog scale (VAS)8

at each time point. Patients at risk of ovarian function recovery underwent
serum estradiol assessment at all study visits through month 12. Reasons for
study discontinuation were recorded prospectively on a case report form by
the study coordinators at each site. Patients who discontinued study participa-
tion because of adverse events were queried about the adverse effects that led to
discontinuation of therapy.

After 132 patients had been enrolled, the protocol was amended to
permit patients who reported intolerable AI-associated adverse effects to
cross over to the other study medication. Patients discontinued the first AI
and remained off therapy for a 2- to 8-week washout period. Patients
completed the HAQ and VAS questionnaires at the time of new AI initia-
tion and after 1 and 3 months of treatment. The protocol was subsequently
amended to collect questionnaire data at the 6-month time point. Im-
provement or worsening of HAQ score was defined as a decrease or
increase, respectively, of more than 0.22.13 Improvement or worsening of
the VAS score was defined as a decrease or increase, respectively, of more
than 2.0.14 Clinical data regarding treatment discontinuation after com-
pletion of cross-over participation were obtained by review of medical
records, which were available for 80 of 83 patients.

Statistical Analysis

The primary end point of this descriptive study, which is an exploratory
objective of the ELPh trial, is persistence with the second AI medication after
discontinuation of the initial AI medication because of toxicity. Secondary
analyses were performed evaluating discontinuation of initial AI therapy be-
cause of toxicity, defined as any patient-reported bothersome symptoms, as
well as specifically because of musculoskeletal toxicity, defined as arthralgias,
myalgias, joint pain or stiffness, tendinitis, numbness or tingling, and/or carpal
tunnel syndrome.

Descriptive analyses were conducted for all continuous variables to study
their underlying distribution. Comparisons of continuous variables between
the two randomly assigned treatment groups (exemestane v letrozole) or other
grouping variables (eg, discontinued AI for symptoms v continued AI) were
made using t tests or simple logistic regression. For categorical variables,
descriptors and comparisons between the groups were evaluated using con-
tingency tables and Fisher’s exact test.

The time from initiation to discontinuation of AI therapy was compared
between the two treatment groups using the log-rank test, in the context of a

Kaplan-Meier survival analysis. Patients who did not discontinue treatment
were censored at the date of the last follow-up inquiry. Cox proportional
hazards regression analysis was used to test for an independent contribution of
the treatment variable, adjusting for the effects of other baseline characteristics
related to time to treatment discontinuation. We report the hazard ratio (HR)
and the corresponding P value for each covariate. The HR may be interpreted
as a relative risk for early discontinuation of AI therapy.

RESULTS

Patient Characteristics

Baseline characteristics for all eligible patients enrolled onto this
clinical trial are listed in Table 1. Three patients withdrew and were not
randomly assigned. Mean follow-up was 15.5 � 8.8 months, and all
patients who remained on therapy have been observed for more than
12 months. Of the 500 eligible patients, 248 (49.6%) were randomly
assigned to exemestane, and 252 (50.4%) were randomly assigned to
letrozole. Almost half of randomly assigned patients had received
adjuvant chemotherapy (n � 228, 45.6%), and 184 patients (36.8%)
had been treated with tamoxifen for a median of 2.3 years (range, 0.2
to 12.9 years).

Discontinuation of AI Therapy

Analysis of the 500 eligible patients revealed that 163 patients
(32.6%) discontinued therapy because of adverse effects (Fig 1).
Ninety-one patients (36.7%) randomly assigned to exemestane, and
72 patients (28.6%) randomly assigned to letrozole discontinued ther-
apy because of at least one treatment-emergent symptom, a difference
that was statistically significant (P � .02).

Reasons for treatment discontinuation are listed in Appendix
Table A1 (online only). Musculoskeletal symptoms were the primary
patient-reported reasons for treatment discontinuation (exemestane,
66 [72.5%] of 91 patients; letrozole, 56 [77.8%] of 72 patients) and led
to treatment discontinuation in 24.4% of the entire study population.

Patients enrolled 
(N = 503)

Random assignment 

Letrozole 
(n = 252)

Continued to 
receive letrozole
(n = 163; 64.7%)

Discontinued letrozole 
for other reasons

(n = 17)

Discontinued 
letrozole for toxicity

(n = 72; 28.2%)

MSK symptoms
No MSK symptoms

(n = 56; 22.2%)
(n = 16; 6.3%)

Continued to 
receive exemestane

(n = 131; 52.8%)

Discontinued exemestane 
for other reasons

(n = 26)

Discontinued 
exemestane for toxicity

(n = 91; 36.3%)

MSK symptoms
No MSK symptoms

(n = 66; 26.6%)
(n = 25; 10.1%)

Exemestane 
(n = 248)

Not randomly assigned (n = 3)

Fig 1. Patient flow and treatment discon-
tinuation on first aromatase inhibitor. The
musculoskeletal (MSK) symptoms group in-
cludes patients whose reason for treatment
discontinuation included MSK symptoms.
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Forty-three patients (8.6%) discontinued treatment for reasons other
than toxicity (exemestane, 26 [10.5%] of 248 patients; letrozole, 17
[6.7%] of 252 patients), including recovery of ovarian function (n �
9). The eight exemestane-treated patients who recovered ovarian
function (ages, 38 to 51 years) had recurrent menses, whereas the
letrozole-treated patient (age 50 years) had an asymptomatic elevation
in serum estradiol concentration.

Median time to treatment discontinuation as a result of develop-
ment of symptoms was 6.1 months (range, 0.1 to 21.2 months).
Median time to treatment discontinuation specifically caused by mus-
culoskeletal symptoms was 6.4 months (range, 0.1 to 21.2 months).
Median time to treatment discontinuation as a result of development
of symptoms was 5.8 months (range, 0.2 to 20.3 months) for patients
assigned to exemestane and 8.1 months (range, 0.1 to 21.2 months) for
patients assigned to letrozole. Time to treatment discontinuation as a
result of any symptom was significantly shorter in patients randomly
assigned to exemestane compared with letrozole (HR, 1.5; 95% CI, 1.1
to 2.1; P � .02; Fig 2A). There was a trend toward a shorter time to
treatment discontinuation because of musculoskeletal symptoms for
exemestane-treated patients (HR, 1.4; 95% CI, 0.95 to 2.0; P � .08;
Fig 2B).

Predictors of Discontinuation of AI Therapy

Shorter time to treatment discontinuation as a result of any
symptom remained significant in multivariate analysis for patients
randomly assigned to exemestane compared with letrozole (HR, 1.4;
95% CI, 1.02 to 1.9; P � .03; Table 2). Patients younger than age 55
years (HR, 1.4; 95% CI, 1.0 to 1.9; P � .04), patients with higher
baseline VAS scores (HR, 1.1; 95% CI, 1.00 to 1.2, for each 1-point
increase;P� .04),andpatientswhoreceivedtaxane-containingchem-
otherapy (HR, 1.9; 95% CI, 0.99 to 3.6; P � .048) were more likely to
discontinue AI therapy as a result of any symptom. Patients who
received taxane-containing chemotherapy (HR, 2.0; 95% CI, 1.00 to
4.0; P � .045) were also more likely to discontinue AI therapy because
of musculoskeletal symptoms (Table 3).

Incidence of Cross Over From One AI to the Other

Because the option to cross over from the first to the second AI
as a result of toxicity was added in an amendment, only the 368
patients who enrolled after the amendment was approved at the
individual sites were eligible for the cross-over analysis (Fig 3). Of
the evaluable cross-over cohort, 128 patients (34.8%) discontinued
initial AI therapy because of intolerable symptoms after a median
of 6.1 months (range, 0.2 to 21.2 months). Of those, 83 patients
(63.8%) chose to cross over to the other drug, whereas the remain-
der chose to discontinue AI therapy and study participation.
Characteristics of the cohort of patients who crossed over to the
other AI are listed in Appendix Table A2 (online only). Forty-nine
patients (26.8%) initially treated with exemestane switched to
letrozole, whereas 34 patients (18.4%) initially treated with letro-
zole switched to exemestane.

Patients were analyzed for change in symptoms between discon-
tinuation of the first AI and initiation of the second drug. Mean
decreases in VAS and HAQ scores during the washout period were
1.23 and 0.07, respectively. On the basis of change in VAS score, 36.7%
of patients experienced improvement in pain, 51.9% were unchanged,
and 11.4% had worsening. Change in HAQ score revealed that 23.8%

of patients experienced improvement in functional status, 55% were
unchanged, and 21.2% had worsening.

Persistence With Second AI Treatment

Of the 83 patients who crossed over to the second AI, 51 (61.4%)
discontinued the second AI medication after a median of 3.5 months
(range, 0.2 to 27.8 months), 34 (66.7%) of whom discontinued ther-
apy because of musculoskeletal symptoms. Seventy-eight percent of
patients reported that the symptoms that led to discontinuation of the
first AI also led to discontinuation of the second AI. Of the 32 patients
(38.6%) who remained on AI therapy at their last clinic follow-up, the
median duration of treatment with the second AI was 13.7 months
(range, 2.8 to 38.8 months).

More of the patients originally treated with letrozole (23 of 34
patients, 67.6%) discontinued exemestane after cross over, compared

No. at risk
Letrozole
Exemestane

252
248

228
210

216
182

169
139

73
68

Letrozole
Exemestane

No. at risk
Letrozole
Exemestane

252
248

228
210
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Letrozole
Exemestane
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Fig 2. (A) Time to treatment discontinuation for any patient-reported symptom,
by drug. (B) Time to treatment discontinuation for patient-reported musculoskel-
etal symptoms, by drug. Proportion of patients remaining on the first aromatase
inhibitor medication is given on the y-axis. HR, hazard ratio.
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with the reverse (28 of 49 patients, 57.1%), although this difference
was not statistically significant. In univariate and multivariate Cox
regression analysis, no potential predictors of discontinuation of the
second AI medication were statistically significant (Appendix Table
A3, online only).

DISCUSSION

In this prospective analysis of AI treatment discontinuation, we dem-
onstrated that approximately one third of patients developed intoler-
able adverse effects, primarily musculoskeletal in nature, during AI
therapy. In addition, we prospectively observed that more than one
third of patients who developed severe symptoms while taking the first
AI were able to tolerate a different AI. We further determined that
young age, taxane chemotherapy, and pre-existing pain are predictors
of discontinuation of adjuvant AI therapy.

Our data are consistent with previously published studies that
have demonstrated poor adherence and persistence with adjuvant
endocrine therapy. Significant strengths of our study include prospec-

tive data collection from patients enrolled at the initiation of AI ther-
apy, comparison of patient experiences on two different AIs, and
preplanned switching to the other AI if patients developed intolerance
to the first AI. Our study design permits analysis of each patient’s
entire experience with AI therapy and includes a switch between
nonsteroidal and steroidal AI therapy, whereas the other reported trial
of switching from one AI to another only enrolled patients at the time
of initiation of the second AI medication and only evaluated non-
steroidal AI medications.11

Unique to this study, we demonstrated that exemestane was
associated with a shorter time to discontinuation of initial AI
therapy compared with letrozole. We observed the same trend in
higher early treatment discontinuation rates with exemestane in
the cross-over population. These observations are in contrast to
reports from the MA.27 randomized clinical trial of anastrozole
versus exemestane for adjuvant breast cancer therapy, in which
similar treatment discontinuation rates were reported for the two
AI-treated cohorts.4 In addition, our observations are in contrast
to findings in the MAP.3 randomized clinical trial of exemestane

Table 2. Univariate and Multivariate Analysis of Predictors of Time to Treatment Discontinuation as a Result of Any Patient-Reported
Treatment-Emergent Symptom

Potential Predictor

Univariate Multivariate

HR 95% CI P HR 95% CI P

Age (� v � 55 years) 1.4 1.02 to 1.9 .03 1.4 1.0 to 1.9 .04
Race (white v other) 0.8 0.5 to 1.3 .35 0.7 0.3 to 1.5 .33
BMI (25-30 v � 25 kg/m2) 1.0 0.5 to 1.9 .93 1.0 0.4 to 2.0 1.00
BMI (� 30 v � 25 kg/m2) 0.9 0.7 to 1.2 .41 0.8 0.5 to 1.3 .33
Drug (exemestane) 1.5 1.1 to 2.1 .03 1.4 1.02 to 1.9 .03
Prior chemotherapy (yes v no) 1.0 0.5 to 1.9 .64 0.8 0.5 to 1.3 .32
Prior chemotherapy (taxane v nontaxane) 1.8 0.97 to 3.3 .06 1.9 0.99 to 3.6 .048
Prior tamoxifen 1.2 0.9 to 1.6 .28 1.2 0.9 to 1.7 .28
Prior HRT 0.9 0.7 to 1.2 .51 1.0 0.5 to 1.9 .99
Baseline HAQ score (per 1.0 change) 1.0 0.5 to 2.0 .98 0.9 0.5 to 1.6 .71
Baseline VAS score (per 1.0 change) 1.1 0.99 to 1.2 .06 1.1 1.0 to 1.2 .04
Bisphosphonate therapy at 1 and/or 3 months 0.9 0.6 to 1.4 .74 0.9 0.6 to 1.4 .58

Abbreviations: BMI, body mass index; HAQ, Health Assessment Questionnaire; HR, hazard ratio; HRT, hormone replacement therapy; VAS, pain visual analog scale.

Table 3. Univariate and Multivariate Analysis of Predictors of Time to Treatment Discontinuation as a Result of Patient-Reported Treatment-Emergent
Musculoskeletal Symptoms

Potential Predictor

Univariate Multivariate

HR 95% CI P HR 95% CI P

Age (� v � 55 years) 0.7 0.5 to 1.0 .048 0.7 0.5 to 1.1 .09
Race (white v other) 0.9 0.3 to 2.7 .85 0.9 0.4 to 2.2 .81
BMI (25-30 v � 25 kg/m2) 0.9 0.6 to 1.4 .76 0.9 0.6 to 1.4 .62
BMI (� 30 v � 25 kg/m2) 0.9 0.6 to 1.4 .61 0.9 0.6 to 1.2 .58
Drug (exemestane) 1.4 0.95 to 2.1 .08 1.4 0.9 to 2.1 .09
Prior chemotherapy (yes v no) 1.2 0.8 to 1.8 .36 1.1 0.6 to 2.3 .78
Prior chemotherapy (taxane v nontaxane) 1.9 0.96 to 3.8 .06 2.0 1.0 to 4.0 .045
Prior tamoxifen 1.2 0.8 to 1.8 .34 1.2 0.8 to 1.9 .43
Prior HRT 0.9 0.7 to 1.2 .43 1.0 0.5 to 1.9 .97
Baseline HAQ score (per 1.0 change) 1.1 0.7 to 1.8 .71 1.0 0.4 to 2.1 .93
Baseline VAS score (per 1.0 change) 1.1 0.97 to 1.2 .12 1.1 0.9 to 1.3 .22
Bisphosphonate therapy at 1 and/or 3 months 0.8 0.5 to 1.3 .33 0.8 0.4 to 1.3 .30

Abbreviations: BMI, body mass index; HAQ, Health Assessment Questionnaire; HR, hazard ratio; HRT, hormone replacement therapy; VAS, pain visual analog scale.
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versus placebo for breast cancer prevention.15 In MAP.3, the
treatment discontinuation rate because of drug-related toxicity
was 15.6%, which was 4.6% higher than what was reported in the
MAP.3 placebo arm but less than half of the discontinuation rate
that we are reporting in our ELPh trial. There are differences in
study design and conduct between our study and the MA.27 and
MAP.3 studies that could account for the different findings. In
MAP.3 in particular, the patient population was substantially dif-
ferent from the ELPh trial. The women enrolled onto the preven-
tion trial were older and had not previously been diagnosed with or
treated for cancer, which are all factors that could potentially
influence tolerability. In addition, in the ELPh trial, we focused on
time to treatment discontinuation, as opposed to simple discon-
tinuation rates. Finally, although both ELPh and MA.27 evaluated
a nonsteroidal versus a steroidal AI, the nonsteroidal AIs in the two
studies were different. Although the difference in tolerability of the
two medications demonstrated in our study has potentially signif-
icant implications for clinical practice, our finding requires repli-
cation to determine its true clinical importance.

The etiology of the musculoskeletal symptoms is unknown.16,17

Therefore, we were unable to assess mechanism-specific predictors of
development of toxicity. Rather, we focused on nonmechanism-
based, clinical predictive factors of toxicity, which could be used to
guide individualized treatment decision making at the time of endo-
crine therapy initiation or to direct specific modifying interventions as
they become available.18 Our observation that younger age and prior
taxane-based chemotherapy conferred a greater likelihood of treat-
ment discontinuation is consistent with prior reports of the same
factors potentially being predictive of development of AI-associated
toxicity.10,19 However, in contrast to published data of predictors of
toxicity, prior tamoxifen therapy, prior hormone replacement ther-
apy, and body mass index did not predict for persistence with therapy
in our trial.10,12 One possible explanation for the discrepancies be-

tween the previously published studies and this report is the difference
in clinical end point.

One of the most important observations from this study is the
ability of more than one third of women to tolerate a second AI when
they could not tolerate the first. Although cross over from exemestane
to letrozole seemed slightly more successful than the converse, this
difference was not statistically significant. A substantial limitation of
our trial design is that participation in the cross-over portion of the
study was not required. Therefore, patients who opted to switch to the
other AI may have been more motivated, resulting in a higher percent-
age of patients able to tolerate the second AI. Regardless, this is still a
reasonable strategy to use in the clinic, because our results demon-
strate that a subset of patients will be able to continue AI therapy
despite intolerance of the initial AI.

The reason for tolerance of a second AI when a patient is
unable to tolerate the first AI is unclear. The majority of patients in
our trial had no change in musculoskeletal symptoms during the
washout period, so improvement off therapy was not predictive of
persistence with the second AI. We were unable to identify any
predictors of persistence with the second AI, although our ability to
detect differences was limited by the small sample size and rela-
tively brief follow-up. More than 95% of patients had detectable
plasma drug concentrations during the cross-over study period
(data not shown), suggesting that patients were actually taking the
second AI. One possible explanation of the ability to tolerate one AI
but not the other includes differences in activity or toxicity of
different AI medications or different classes of AI therapy. Differ-
ences in degree of inhibition of aromatase activity between drugs
are unlikely, however, because patients originally taking letrozole
could subsequently tolerate exemestane, and vice versa.

Approximately half of the women in the Arimidex, Tamoxifen,
Alone or in Combination (ATAC) trial who developed joint symp-
toms on anastrozole experienced improvement in symptoms during 6
months of continued therapy.20 The authors hypothesized that tissues
may adjust to the low estrogen concentrations over time, resulting in
improvement in symptoms. This same phenomenon may permit
patients intolerant of the first AI to tolerate the second AI, even though
estrogen deprivation was interrupted during the brief washout period.
Prospective clinical evaluation of this hypothesis would require a
randomized clinical trial of continuing the initial AI versus switching
to a different AI, which would be challenging to conduct in a highly
symptomatic population.

In summary, at least one third of patients prematurely discon-
tinue adjuvant AI therapy, and although age, prior treatments, and
pre-existing pain may impact toxicity, none is an absolute predictor.
More importantly, more than one third of patients who switch drugs
may tolerate the second AI. Additional biochemical and genetic stud-
ies designed to refine existing predictors of these adverse effects for
individual patients are warranted. A better understanding of the
mechanisms underlying development of AI-associated toxicities is
important, because this could yield clues to more accurate predictors
of development of toxicity and guide future interventional symptom
prevention or management strategies. Overall, this additional infor-
mation may help improve tolerance of the medications, thereby im-
proving quality of life and persistence with therapy and, by extension,
breast cancer outcomes.
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Fig 3. Patient flow diagram for aromatase inhibitor (AI) crossover in the
Exemestane and Letrozole Pharmacogenetics trial.
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