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Analysis of Adjuvant Endocrine Therapy
in Practice From Electronic Health
Record Data of Patients With Breast
Cancer

abstract

Purpose Adjuvant endocrine therapy is a long-term drug therapy prescribed to prevent recurrence of
hormone receptor–positive breast cancer. Data on adjuvant endocrine therapy are reported though clinical
trials, which may differ from treatment practice and outcomes in the general population of patients with
breast cancer. With secondary use of electronic health record (EHR) data, we summarize adjuvant en-
docrine treatment practice and outcomes in real-world settings.

Methods We analyzed treatment data derived from EHR data on 1,587 patients with stage I to III breast
cancer at a National Cancer Institute–designated comprehensive cancer center to learn the frequencies of
real-world adjuvant endocrine drug switches and discontinuation and to explore the potential cause for
drug switches and discontinuation from medical records. We measured rates of drug use, drug switches,
early drug discontinuation, adverse events, recurrence, and death. We also measured adverse events and
change in menopause status as potential causes for drug switch and discontinuation.

Results Within the study population, approximately 49% of patients were lost to follow-up or did not
completeadjuvant treatment through5years. Fifty-twopercent of patients switched toadifferent endocrine
therapy drug during their treatment. We found that age is correlated with drug switches and that adverse
events are correlated with drug switches and discontinuation.We also found that patients who switched to
an alternative endocrine therapy during treatment were more likely to complete 5 years of treatment.

Conclusion This study describes long-term adjuvant endocrine treatment in real-world settings and
demonstrates the ability to leverage longitudinal EHR data to characterize oral medication treatment
patterns in patients with cancer.

Clin Cancer Inform. © 2017 by American Society of Clinical Oncology

INTRODUCTION

Adjuvant endocrine therapy is prescribed to
patients with hormone receptor–positive breast
cancer for recurrence prevention after surgery.
Clinical guidelines recommend that patients
use adjuvant endocrine drugs for a duration of
5 years, with recent guidelines extending the
recommendation to 10 years for some high-risk
patient populations.1 In this time frame, pa-
tients may deviate from their original treatment
plan in the form of a drug switch or termina-
tion.2 Although clinical trials report rates of drug
switches and termination,3 the prevalence and
motivations for these events in the general
population of patients with breast cancer are
unmeasured.

There are several reasons a patient may change
her adjuvant endocrine therapy treatment. A drug
switch may result from a change in menopausal
status, intolerable adverse effects, tumor recur-
rence, generic drug alternatives, or physician
preference. Drug discontinuation may result from
intolerable adverse effects, financial factors, or
death. Measuring rates of drug switches and ter-
mination and determining their possible cause in
patients in the general breast cancer population
yields an empirical projection for treatment strat-
egies and outcomes.

Electronic health record (EHR) systems store pa-
tient medical data, including medications, billing
codes, anddiagnoses. EHRsallow formining large
quantities of adjuvant endocrine treatment data to
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determine treatment trends over time. To under-
stand treatment patterns for adjuvant endocrine
therapy in the general population of patients with
breast cancer, we analyzed Vanderbilt University
Medical Center’s (VUMC) EHR data for 1,587
patientswith stage I to III breast cancer. Treatment
data include adjuvant endocrine therapy drugs
taken by the patient, timestamps for each drug,
and International Classification of Diseases, Ninth
Revision (ICD-9) codes. Our goals were to deter-
mine the frequencies of drug switches and dis-
continuation in the general population of patients
with breast cancer and to explore the potential
cause for drug switches and discontinuation from
medical records.

Knowledge about adjuvant endocrine therapy,
including frequencies of drug switches, discon-
tinuation, and adverse events, is derived from
clinical trials, which may not be representative
of treatment in the general population of patients
with breast cancer. This study derives adjuvant
endocrine therapy knowledge from real-world
treatment by leveraging longitudinal EHR data.

The selective estrogen receptor modulator (SERM)
tamoxifen was approved for use in prevention of
breast cancer in 1998 and for treatment of non-
invasive ductal carcinoma in situ in 2000.4 In
2002, the first aromatase inhibitor (AI), anastro-
zole, was approved for treatment of breast can-
cer,3 and in 2004, it demonstrated superiority
over tamoxifen for treatment of postmenopausal
woman.5 In 2005, two alternative AIs, letrozole
and exemestane, were also approved as adjuvant
endocrine therapies.

In 1998, clinical guidelines recommended adju-
vant endocrine therapy for a duration of 5 years.6

Recent guidelines extended treatment duration to
up to 10 years in at-risk populations.1 With ex-
tended time frames and a growing number of
available drug options, adjuvant endocrine ther-
apy treatment paths can vary across patients.
Clinical trials report varying rates of drug termina-
tion (31% to 73%),3,7 adverse events,8,9 and drug
switches,10 but there is limited information on
adjuvant endocrine treatment in the general pa-
tient population.

EHRs contain patient medical information includ-
ing medication events and diagnoses. VUMC’s
Synthetic Derivative is a data source that contains
deidentified health records from more than two
million patients.11 MedEx, a natural language-
processing method, identified more than 400mil-
lion medication events from medication lists and
clinical notes inSyntheticDerivative.12 From these

resources, patient diagnoses, medication events,
and ICD-9 codes, along with their respective time-
stamps, form a basis for analyzing adjuvant endo-
crine therapy in patients with breast cancer.

METHODS

Data Collection

Our data source is deidentified EHRs collected at
VUMC as part of the Synthetic Derivative and the
EHR-linked Vanderbilt Tumor Registry. The Tu-
mor Registry is considered a gold standard for
VUMC’s data on patients with cancer, although
death may be under-reported as a result of
failure to report back to care facilities. The pa-
tient cohort met the following criteria: patients
were diagnosed with stage I to III breast cancer,
determined from the Vanderbilt Tumor Registry;
patients received one or more of the following
adjuvant endocrine therapy drugs: anastrozole,
exemestane, letrozole, or tamoxifen; and pa-
tient’s adjuvant endocrine therapy began be-
tween 1998 and 2011. These date restrictions
enforce that patientswere recommended5 years
of treatment and will have at least 5 years of
follow-up data. This study was done with the
approval of Vanderbilt’s Institutional Review
Board (140691, type exempt).

Data used in the study are adjuvant endocrine
therapy medication events, patient ICD-9 codes,
and their respective timestamps. Medication
events are mentions of the patient’s currently pre-
scribed drugs extracted from clinical notes, and
the timestamps for medication events are the time
at which they were documented in the note. Death
and recurrence data were collected from Vander-
bilt’s Tumor Registry. We used the earliest med-
ication event date for start time. Stop times, which
are undocumented in the EHR, are estimated at
6 months after the maximum medication event
date. These estimates are based on an expected
patient follow-up of every 6 months in the first 5
years after diagnosis. Patients do not take more
than one adjuvant endocrine therapy drug simul-
taneously, sowe interpreted the presenceof a new
endocrine therapy drug in a record as a switch to
the new drug.

Population Overview

To review our patient population, we calculated
statistics on patients grouped by 5-year treatment
completion status and switching status. We cal-
culated outcomes of completion, death, and re-
currence to determine differences among the
patient groups.
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Treatment Trends

Changes in the adjuvant endocrine therapy drug
market and new adjuvant endocrine therapy
knowledge lead to changes in treatment switch
andstop frequencies over time. Todeterminedrug
prescription trends, we extracted prescriptions for
the selected adjuvant endocrine therapy drugs
andcalculatedprescription frequencies over time.
We graphed the results along with the percentage
of patientswho switched or stoppeddrugs by year.
We hypothesized that as drug options increase,
drug switch frequency increases and drug stop
frequency decreases.

Exploring Causes for Treatment Change

We hypothesized that the two adjuvant endocrine
drug classes, SERMs and AIs, incite different stop
and switch patterns as a result of the properties of
the drugs. We hypothesized that switches from a
SERM to an AI are most likely concomitant with
changes in pre- or perimenopausal to postmeno-
pausal status because AIs are only effective in
postmenopausal women. Alternatively, we hy-
pothesized that a switch from an AI is most likely
concomitant with drug toxicity because patients
beginning on AIs are postmenopausal and their
menopausal status will not change.

We explored causes for drug switches or discon-
tinuation with computational chart reviews. We
performed a text search for the stemwords “stop,”
“switch,” “complain,” and “discontinue” in health
planclinicalnoteswrittenwithinamonth (beforeor
after) of a patient’s treatment change. Next, we

manually reviewed a random sample of notes
containing a search word for direct references to
changes in adjuvant endocrine therapy.

To explore the likelihood that switches from
SERMs are correlated with a change in meno-
pause status, we calculated the age distribution
and P value of patients on SERMs and patients
switching from SERMs. For comparison, we cal-
culated the age distribution and P values for
patients on AIs and patients switching from
AIs. We hypothesized that the age of patients
switching from a SERM is greater than the age
of patients taking SERMs, indicating that their
age andmenopause progression are correlated
with switching. We also checked for evidence of
artificial postmenopause progression through
Current Procedural Terminology codes for oo-
phorectomies and by medication events for the
estrogen-suppressing drugs goserelin and leu-
prorelin before a switch from an SERM. Patients
undergoing oophorectomies or taking estrogen-
suppressing drugs become postmenopausal
and will likely switch medications.

To explore the likelihood that switches or discon-
tinuations from AIs are correlated with toxicity, we
probed for a correlation between switching and
discontinuation and ICD codes for hot flashes
and arthritis pain. The targeted ICD-9 codes were
714.*,715.*,716.*,729.*,627.2,and782.62.We
compared the rate of ICD codes in patients who
switched or stopped medication during treatment
to the rate of ICD codes in patients who completed
treatment with no change. ICD codes must have

Table 1. Patient Characteristics by Adjuvant Endocrine Therapy Completion or Switch Status

Patient Category

Patients Race (%)

Average Age (SD) at

Treatment Start (years)

Recurrences

Before 5

Years

Deaths

Before 5

Years

Patients

With

Vanderbilt

Visits After

5 Years

No. % White Black

Other or

Unreported No. % No. % No. %

Switched and stopped
treatment before 5 years

334 21.0 (A)* 79 7 16 59.0 (12.4) 35 10.4 10 2.9 163 48.8

Switched treatment before
5 years

500 31.5 (B) 89 8 3 60.6 (10.8) 19 3.8 0 0.0 383 76.6

Stopped treatment before
5 years

469 28.5 (C) 71 9 20 58.6 (14.2) 30 6.4 26 5.5 229 48.8

Did not switch or stop
treatment before 5 years

284 18.0 87 8 5 59.7 (12.1) 8 2.8 0 0.0 232 81.7

All patients 1,587 100 56.9 (12.3) 92 5.8 36 2.3 1,007 63.5

Abbreviation: SD, standard deviation.
*Within the cohort, 52.5%of patients switcheddrugs during treatment (sumof cell A andcell B), and49.5%of patients stopped therapy before treatment completion (sumof cell A
and cell C)
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occurred within a year before treatment change or
completion to ensure that we compared an equal
time frame across groups and that ICD codes were
relevant to the current treatment plan. We hypoth-
esized that ICD prevalence for hot flashes and
arthritis would be higher in patients who switched
or stopped treatment, indicating adverse events
as a reason for change. Furthermore, we hypoth-
esized that patients who stopped or switched from
AIs will have higher ICD rates than patients who
stopped or switched from SERMs because stop-
ping or switching from an SERMmay result from a
different cause, such as menopause status. To
determine significant differences between ICD
prevalence, we calculated Fisher’s exact test P
values.

SERMs and AIs have different mechanisms of
action, resulting in disparate rates of toxicity,
and disparate efficacy among age groups. Conse-
quently, age-related and toxicity-related reasons

for changeexhibit differentdistributionsacross the
two drug classes. To explore whether changes in
SERM and AI treatment occur at different times,
we examined the time until treatment change in
both drug classes. Switching from or stopping an
AI as a result of adverse events may be localized
to a certain time of toxicity onset. Conversely,
changes in treatment as a result of menopause
progression are not localized to a certain time
because the change is dependent on a patient’s
age and estrogen levels. We tested these hypoth-
eses by graphing time until drug switch or discon-
tinuation for patients on SERMs and AIs.

RESULTS

Population Overview

Our study includes 1,587 patients with stage I to III
breast cancer taking adjuvant endocrine therapy
drugs. The average age of patients at treatment
start was 56.9 years (standard deviation, 12.3
years). The average number of unique endocrine
therapy drugs per patient is 1.5 (standard devia-
tion, 0.7 drugs). Approximately 64% of patients
continued care at Vanderbilt after 5 years of ad-
juvant endocrine therapy treatment.

Table 1 lists patient population statistics broken
down by 5-year completion status and switch
status, and Table 2 lists P values for intergroup
comparisons of recurrence and death rates. Data
comparisons of patients grouped by switch status
and completion status are illustrated in Figures 1A
and 1B. We show that approximately 48% of our
patient populationdidnot completeat least 5years

Switch:
52%

No switch:
48%

Did not complete
5 years of

treatment: 40% Completed
5 years of

treatment: 60%

Completed
 5 years of

treatment: 37%
Did not complete

5 years of
treatment: 63%

Completed
5 years of

treatment: 51%

Did not complete
5 years of

treatment: 49%

No recurrence:
97%

No Recurrence:
93%

Recurrence:
8%

A

B Recurrence:
3%

Table 2. Fisher’s Exact Test P Values in Intergroup Comparisons of Death and
Recurrence Rates

Group 1 Group 2 Recurrence P Death P

Switch and stop Switch and complete , .001* , .001*

Switch and stop No switch and stop .024* .118

Switch and stop No switch and complete , .001* .002*

Switch and complete No switch and stop .078 , .001*

Switch and complete No switch and complete .545 1.0

No switch and stop No switch and complete .038* , .001*

*Significant.

Fig 1. (A) Rates of
treatment completion in
patients grouped by
presence of a drug switch.
The center circle
represents the full patient
cohort, and the marginal
circles represent
completion rates of the
switch and no-switch
subcohorts. (B) Rates of
recurrence in patients
grouped by 5-year
treatment completion. The
center circle represents the
full patient cohort, and the
marginal circles represent
recurrence rates of the
patientswhodidanddidnot
complete 5 years of
treatment.
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of endocrine therapy for a reason other than death
and, therefore, may not have achieved the lowest
possible risk of recurrence. The probability of a
patient completing 5 years of therapy if they
switched drugs was 60%, whereas the probability
of a patient completing 5 years if they did not
make a drug switch was 37%. Patients in our
population who completed at least 5 years of treat-
mentexperiencedrecurrenceata rateof3.4%,and
patients who did not complete 5 years of treatment
experienced recurrence at a rate of 8.0%.

Treatment Trends

Figure 2 shows the endocrine therapy prescription
frequencies at VUMC with the percentage of pa-
tients stopping or switching their drugs each year.
The graphs reflect an increase in AIs after 2004.
The percentage of patients stopping treatment
decreased over time, and the percentage of pa-
tients switching drugs increased.

Exploring Causes for Treatment Change

Of the 1,303 patients who switched or stopped
adjuvant endocrine therapy before 5 years, 383
(29%) had an instance of a selected stem word in
their clinical notes near the time of change. The
clinical notes of 120 patients (9%) possessed
“stop,” 73 (6%) possessed “switch,” 298 (23%)
possessed “complain,” and 59 (5%) possessed
“discontinue.” In a randomselection of 100patients
with stem word–positive notes, 16% possessed a
documented cause for changes to adjuvant endo-
crine therapy, 20% possessed documented stop-
ping or switching without an explicit cause, and the
remaining 64% had stem words that did not refer-
ence adjuvant endocrine therapy.

Table 3 shows that the average age of patients
switching from an SERM was higher than the

average age of patients on SERMs. In contrast,
the average age of patients switching fromAIs was
lower than the average age of patients on AIs. The
distributions support that patients switching from
SERMs to AIs may be attributed to change in
postmenopausal status.

Of the patients who switched from an SERM to an
AI, 16.5% had a reported oophorectomy through
either a Current Procedural Terminology code
58940 or 58720 or an ICD-9 parent code of 65
before their switch date. In addition, 11.5% of
patients switching from an SERM to an AI re-
ceived either goserelin or leuprorelin (estrogen-
suppressing drugs that place a patient in a
postmenopausal state). Altogether, 28% of the
patients who switched from an SERM to an AI
underwent an artificial change to postmeno-
pausal status.

Arthritis ICD rates in patients who stopped or
switched drugs were 42% and 72%greater than
arthritis ICD rates for patients who completed
treatment without a switch from SERMs and AIs,
respectively (14.2% and 30.6% v 10.0% and
22.0%, respectively). Hot flash ICD rates in
patients who stopped or switched drugs were
46% and 39% greater than hot flash ICD rates
for patients who completed treatment without
a switch from SERMs and AIs, respectively
(24.8% and 25.0% v 17.0% and 18.0%, re-
spectively). Furthermore, patients who stopped
or switched from an AI had approximately dou-
ble the rate of arthritis ICD codes of patients who
stopped or switched from an SERM (Table 4).

Figures 3A and 3B show the time distributions for
stopping and switching from AIs and SERMs. All
drug change distributions peaked within the first
year of treatment. Switching from and stopping an
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Fig 2. (A) Changes in
adjuvant endocrine therapy
prescription frequencies
and percentage of patients
stopping or switching at
Vanderbilt University
Medical Center over time.
(B) Changes in adjuvant
endocrine therapy class
prescription frequencies
and percentage of patients
stopping or switching at
Vanderbilt University
Medical Center over time.
AI, aromatase inhibitor;
SERM, selective estrogen
receptor modulator.
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AI occurredwithin a localized time. Switching from
or stopping an SERM had a broad distribution.

DISCUSSION

Using EHR data from a cohort of 1,587 patients
with stage I to III breast cancer receiving adjuvant
endocrine therapy, we found that approximately
48% of patients did not complete the recom-
mended minimum of 5 years of treatment and
52% of patients switched to a different endocrine
therapy drug during their treatment. Using ICD
codes, we found that patients who changed their
adjuvant endocrine treatment experienced higher
rates of arthritis and hot flashes than other patients.
Changes in treatment in patients on SERMs fol-
lowed menopause progression inferred through
age, administration of estrogen-suppressing drugs,
or surgeries. In addition, switching treatment from
anAI is likely to occur at thebeginning of treatment,
whereas switching from an SERM is not localized
to a treatment time.

Patients who switched drugs at some point during
their treatment were more likely to complete at
least 5 years of adjuvant endocrine therapy (Fig
1A). Switching drugs may be an expedient that
encourages patients to continue treatment, and
the additional treatment time as a result of the

switch may benefit the patients. Patients who
completed at least 5 years of adjuvant endocrine
therapy had a lower rate of recurrence than pa-
tients who did not complete 5 years of treatment
(3.4% v 8.0%, respectively; Fig 1B). The recur-
rence rates fall within the CI of population recur-
rence rates reported for stage Ibreast cancer (95%
CI, 3% to 15%).13

Endocrine therapy prescription changes at VUMC
reflect an increase in options for patients, and as a
result, the percentage of patients who switched
adjuvant endocrine drugs exceeded the percent-
age of patients who stopped adjuvant endocrine
therapy in2004(Fig2).Theoptiontoswitchbetween
endocrine therapydrugsmayencourageadherence
to the recommended treatment duration.

From our computational and manual chart review,
we estimate that 5% of patients had a clearly
documented cause for adjuvant endocrine therapy
treatment change.Whendocumentation regarding
the cause of treatment change is sparse, inferring
potential reasons forchangewithEHRdata-applied
informaticsmethods is analternativeway to retrieve
such information but presents many challenges.

The age distributions for patients at the time of a
drug switch (Table 3) support that switching from
an SERM is related to age. The average age of

Table 4. Prevalence of Billing Codes for Adverse Events in Patients and Fisher’s Exact Test P Values to Determine Significant Differences Between
Prevalence

Patient Group

Arthritis

Positive (%)

Hot Flash

Positive (%) Comparison Group

Fisher’s Exact Test P

Arthritis Hot Flashes

Completed SERM without
switch

10.0 17.0 Complete AI v SS from AI .040* .062

SS from SERM 14.2 24.8 Complete SERM v SS from SERM .695 .037*

Completed AI without
switch

22.0 18.0 SS from AI v SS from SERM , .001* .948

SS from AI 30.6 25.0 Complete AI v complete SERM .005* .874

NOTE. Patients are grouped by drug class and change in original treatment plan.
Abbreviations: AI, aromatase inhibitor; SERM, selective estrogen receptor modulator; SS, stop/switch.
*Significant difference.

Table 3. Age Distributions of Patients

Drug Event

Age (years)

Comparison Group Fisher’s Exact P*Average Standard Deviation

AI use 64.1 10.1 AI use v SERM use , .001†

SERM use 55.4 12.8 AI use v AI switch , .001†

Switch from AI 57.4 12.2 SERM use v SERM switch , .001†

Switch from SERM 60.0 10.7 AI switch v SERM switch , .001†

Abbreviations: AI, aromatase inhibitor; SERM, selective estrogen receptor modulator.
*P values measure differences between the distributions.
†Significant difference.
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patients at the timeof switching fromanSERMwas
higher than the average age of patients who were
being treated with SERMs. In contrast, patient age
at the switch from AIs was lower than patient age
during AI use. A switch from an SERM is more
likely related to age than a switch from an AI. In
addition, Figures 3A and 3B show that switching
from an SERM was not localized to a specific
duration of treatment, whereas switching from
an AI was. Switches from an AI are more likely a
result of adverse events thatmanifest within a year
of treatment. For example, Henry et al8 reported
that musculoskeletal symptoms from AI use
peaked within 6 months. Switches from an SERM
are likely dependent on a patient’s individual
menopause progression and can appear at any
time during treatment.

Patients who stop or switch their treatment expe-
rience higher rates of arthritis and hot flashes than
patients who complete their treatment without
changes. The highest rates of arthritis occurred
in patients who stopped or switched AI treatment.
Patients who stopped or switched either AI treat-
ment or SERMtreatment experienced similar rates
of hot flashes, but both of these patient groups
experienced more hot flashes than patients who
did not switch treatment. Previous studies have
reported musculoskeletal adverse effect rates of
44%,8 44% to 47%,14 and 23%15 and hot flash
rates of 30%15 and 35% with AI use.3 Our lower
rates are a result of the source of our data—ICD
codes. ICD codes appear in the patient record

if the provider considers the symptom severe
enough to bill for it or document it. A symptom
may not be documented, but that does not guar-
antee the symptom’s absence.

This study is limited by the completeness of EHR
data. Recurrence rates and death may be under-
documented as a result of lack of follow-up with
patients, and ICD codes for adverse symptoms
may be underdocumented because providers do
not always bill for them. Although we can make
inferences about reasons for stopping or switching
adjuvant endocrine therapy treatment, the cause
of treatment change is infrequently documented
in physician notes, making validation difficult. In
addition to change in menopause status, adverse
events, and recurrence, changes in treatment can
be a result of financial factors16 or physician
preference, neither of which are documented in
the EHR. Last, we omitted factors like body mass
index anddrug interactions thatmay influence the
results from this study.

In conclusion, this study demonstrates the ability to
leverage longitudinal EHRs to characterize treat-
ment trends in a cohort of patients taking adjuvant
endocrine therapy. EHR data are a source for real-
world frequencies for these patients regarding tu-
mor recurrence, drug switch, and treatment ces-
sation, as well as a source for exploratory analyses
on causes for treatment change.
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