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Abstract

Background: Adherence to aromatase inhibitors (AIs) and tamoxifen has considerable survival benefits for postmenopausal
women diagnosed with hormone receptor–positive breast cancer. Reduced out-of-pocket costs and treatment-related side
effects could increase therapy adherence. Given that individuals’ side effect profiles could differ across AIs, generic AI entry
could facilitate switching between AIs to manage side effects and improve adherence. Methods: From Surveillance,
Epidemiology, and End Results–Medicare, we selected women first diagnosed with hormone receptor–positive breast cancer
at age 65þ years and initiated an AI within 1 year of diagnosis between January 1, 2007, and May 31, 2008, or June 1, 2011, and
December 31, 2012, and followed them for up to 2 years (N ¼20 677). We estimated changes in probabilities of adherence
with and without switching for Part D enrollees with and without the low-income subsidy (LIS vs non-LIS) before and after
generic entry using linear probability models. Tests of statistical significance are 2-sided. Results: After generic entry reduced
out-of-pocket costs of AIs (larger reduction for non-LIS), the percentage of women who ever switched from one AI to another
AI increased from 8.8% to 14.6% for non-LIS and from 7.3% to 12.5% for LIS. Adherence without switching increased by 8.0
percentage points (pp) for non-LIS (P< .001) but decreased by 4.9 pp (P< .001) for LIS. Adherence with switching increased for
both non-LIS (6.4 pp, P< .001) and LIS (4.4 pp, P< .001). Conclusions: Increased switching after generic entry contributed to
increased adherence, suggesting switching allowed better management of treatment-related side effects. Subsidized women
also experienced increased adherence with switching after generic entry, suggesting that patients and physicians might not
understand Part D benefit design when making decisions.

Aromatase inhibitors (AIs) and tamoxifen are hormonal therapy
drugs that improve disease-free and recurrence-free survival for
postmenopausal women diagnosed with hormone receptor
(HR)–positive breast cancer (1,2). Although AIs are more effec-
tive and better tolerated than tamoxifen (3–5), certain side
effects of AIs, such as arthralgia or musculoskeletal symptoms,
may lead to poor adherence and early discontinuation of ther-
apy (6). Although the AI drugs, anastrozole, exemestane, and
letrozole, have similar side effect profiles, some patients experi-
ence side effects with one AI but not another (7). Uncontrolled
side effects are a major reason for nonadherence and early dis-
continuation (8,9), and switching among therapy drugs is an es-
sential strategy for maintaining therapy while managing
treatment-related side effects (4,5,10,11).

Three small studies found evidence that discontinuation of
AIs could be prevented if women who experienced side effects
with their initial AI switched to a different AI (12–14). However,
in US clinical settings, drug costs may prevent women from try-
ing another drug before skipping prescriptions or discontinuing
therapy. It is not known whether reduced out-of-pocket (OOP)
costs could promote switching and improve adherence.

To date, no population-based studies have examined how
the interplay of reduced OOP costs for AIs and therapeutic
switching promotes adherence to hormonal therapy. Before the
introduction of generic AIs, OOP costs of AIs were increasing
(15) and adherence to AIs was decreasing (16). The introduction
of generic AIs in 2010 and 2011 lowered OOP costs of AIs for
all older women enrolled in Medicare Part D (15) and was
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accompanied by improved adherence to hormonal therapy (16–
18). Two possible mechanisms underly the improved adherence
after generic entry. First, with lowered copayments, more
women could afford to refill their AI prescriptions. Second, due
to lowered costs of hormonal therapy or perceptions of lowered
costs (19), women might have been willing to try a different
drug (switching) before discontinuing the therapy or skipping
prescriptions.

We explore the role of OOP costs and drug switches on ad-
herence by taking advantage of the natural experiment pro-
vided by generic entry of AIs (June 2010 for anastrozole, April
2011 for exemestane, and June 2011 for letrozole). We compare
the experience of women with Medicare Part D low-income sub-
sidy (LIS) with women without LIS (non-LIS) before and after ge-
neric AI entry. Eligible low-income beneficiaries who receive LIS
have reduced premiums, deductibles, or copayments for their
prescription benefits. Thus, the LIS group consistently had min-
imal OOP costs for all hormonal therapy drugs both before and
after generic entry, whereas non-LIS had relatively high copay-
ments before generic entry and considerably lower OOP costs
after generic entry (16,19). Differential changes in drug switches
and adherence after generic entry between LIS and non-LIS
would be entirely due to the differences in cost reduction result-
ing from generic entry. Although drug switches are mostly due
to treatment-related adverse events (12,13,20), the probability of
women experiencing adverse events would not be affected by
generic entry. Thus, we interpret changed switching rates after
generic entry as a sign that generic entry has led to changes in
the management of side effects.

We hypothesize that after generic entry the larger reduction
in OOP costs for non-LIS women will result in larger increases in
adherence both with and without drug switches (switching as
an intermediary outcome was integrated to adherence) com-
pared with LIS women. We interpret observed increases in ad-
herence with drug switches as evidence that switching can
increase adherence by improved management of side effects
and that reduced OOP costs can promote this strategy.
Comparisons between LIS and non-LIS may exhibit different
patterns for adherence with drug switches vs adherence with-
out drug switches, which could provide insights into different
roles OOP costs played in decisions to refill the same drug vs
switch to a different drug.

Methods

Data Source and Study Sample

The Surveillance, Epidemiology, and End Results–Medicare
database is population based and comprises 26% of the US pop-
ulation (21). We selected women who were first diagnosed with
HR-positive breast cancer at age 65 years or older and initiated
any of the 3 AIs within 1 year of their diagnosis between
January 1, 2007, and May 31, 2008 (pregeneric entry period) or
between June 1, 2011, and December 31, 2012 (postgeneric entry
period). We followed those women until the end of 2 years after
initiation, therapy discontinuation, death or loss of Medicare
Part D coverage, whichever came the first (n¼ 6560 preperiod
and n¼ 14 117 postperiod). We focused on the first and second
years after initiation to avoid overinterpretation of switching
because of guideline recommendations (1,2). All women’s
follow-up period did not fall between June 1, 2010, and May 20,

2011, where not all AIs had generic versions and women could
switch based on costs. We included women who were enrolled
in Medicare with a Part D prescription drug plan (PDP) or a
Medicare Advantage plan that provided drug coverage (MAPD).

Study Variables

Outcome Variables
We used a common definition of adherence as the ratio of the
total number of days of drug supply and the number of days of
follow-up before discontinuation was greater than 80% (medica-
tion possession ratio >80%), a commonly used definition in the
literature (8,9). We considered a woman as having discontinued
the therapy when the difference between the total number of
days of drug supply and the number of days of follow-up be-
came greater than 180 days. Those who were nonadherent were
those whose prescriptions only covered less than 80% of days of
the follow-up period. We defined a drug switch as 2 contiguous
prescriptions filled for different hormonal therapy drugs. All
women in our study started with AIs and could switch to ta-
moxifen, among AIs, and from tamoxifen back to an AI. We did
not differentiate generic vs brand-name use because brand-
name use quickly decreased to very low levels after generic en-
try, and no evidence suggests clinical benefits of generic AIs
and brand-name AIs differ.

We also categorized outcomes by the combination of switch-
ing and adherence to confirm that intermediary outcomes are
not misinterpreted and created four binary outcome variables:
1) adherent to the therapy without drug switches, 2) adherent
with drug switches, 3) nonadherent with drug switches, and 4)
nonadherent without drug switches.

Independent Variables
Our key explanatory variable was an interaction term between
the binary indicator for the postgeneric entry period and a bi-
nary variable indicating whether a woman received LIS for all
the follow-up months. Our models controlled for demographic
variables, including age at diagnosis, race or ethnicity, marital
status, and urban or rural location. We adjusted for clinical fac-
tors, including HR status, grade, tumor size, lymph node, stage,
surgery, and radiation. We controlled for whether women were
enrolled in a PDP or an MAPD. Finally, we adjusted for cancer
registry fixed effects to further account for time-invariant, geo-
graphic variation.

Statistical Analyses

We computed descriptive statistics for demographic character-
istics, clinical factors, and Part D plan enrollment for those who
initiated AIs before and after generic entry by their LIS status to
confirm whether their characteristics changed considerably af-
ter generic entry.

To illustrate how patterns of drug switching changed after
generic entry, we calculated the percentage of women with any
switches by types of switching before and after generic entry by
LIS status. We assessed the statistical significance of changes in
the percentage of women switching after generic entry using 2-
tailed z-tests.

We used a difference-in-differences approach and linear
probability models (LPMs) to estimate the differential changes in
probabilities of adherence after generic entry between non-LIS
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and LIS. We used LPMs for the straightforward interpretation of
results. We ran separate LPMs for each binary adherence out-
comes, adjusting for demographics, clinical characteristics, and
PDP vs MAPD. We computed predicted probabilities for the 4 bi-
nary outcomes by generic entry and LIS status. Difference-in-
differences models assume that the “comparison group” (LIS
women) displays the change in outcomes that the treated group
would have exhibited in the absence of the policy (ie, parallel
trends assumption). Thus, differences in changes of adherence
after generic entry between the 2 groups are likely due to re-
duced costs (difference in cost reductions between the 2 groups).
We confirmed that adherence trends were approximately paral-
lel for LIS and non-LIS before generic entry (Supplementary
Methods, available online).

We conducted several sensitivity analyses. First, we esti-
mated predicted probabilities using multinomial logistic regres-
sions (Supplementary Table 1, available online). Second, we
used seemingly unrelated regressions to account for the corre-
lation between categories of adherence. Third, we restricted our
analysis to women in fee-for-service Medicare and controlled
for Charlson comorbidity score. None of the sensitivity analyses
altered our results or interpretation.

Results

We identified 20 677 women diagnosed with HR-positive breast
cancer and initiated hormonal therapy with AIs within 1 year of
their diagnosis. When AIs were all brand name (before June
2010), 6560 women initiated AIs and 24.1% received LIS for all
follow-up months. When all AIs had generic versions available
(after May 2011), 14 117 women initiated AIs, of whom 22.4% re-
ceived LIS for all follow-up months (Table 1).

Non-LIS women were relatively younger and were more
likely to be White, married, and residing in a large metropolitan
area relative to the LIS group. They were also more likely to
have less advanced cancers and to receive surgery and radiation
than the LIS group. Finally, the non-LIS group had a higher pro-
portion of women enrolled in MAPD plans than the LIS group.

For both non-LIS and LIS groups, we observed demographic
changes between the pre- and post periods. Compared with
those who initiated AIs before generic entry, those who initiated
after generic entry were relatively younger, and those in the
non-LIS group were more likely to be Black and enrolled in an
MAPD. Clinical characteristics were similar before and after ge-
neric entry.

Table 2 summarizes the number and percent of women with
different types of drug switches by generic entry and LIS status.
Overall, 5.3% of women switched more than once. The most
common switch for non-LIS women before generic AI entry was
from AI to tamoxifen (tamoxifen already had generic versions),
whereas the LIS group most commonly switched from one AI to
another AI. After generic entry, the proportion of non-LIS
women switching from AIs to tamoxifen decreased by 2.8 per-
centage points (pp) (P< .001). Switches from one AI to another
AI increased substantially and became the most frequent type
of switches for both groups. The proportion of non-LIS women
who switched from one AI to another AI or from tamoxifen to
AIs increased by 5.7 pp after generic entry (P< .001), and such
increase was slightly smaller for the LIS group (5.3 pp, P< .001).

Median OOP costs for a 30-day supply of AIs for the non-LIS
group were $42 before generic entry and $10 after generic entry.

In contrast, the median OOP costs for the LIS group were $3.10
before generic entry and $1.15 after generic entry. The median
OOP cost of a 30-day supply of tamoxifen did not change with
generic entry and was approximately $9 for the non-LIS and $1
for the LIS groups in both periods. Differences in OOP costs be-
tween PDP and MAPD were minimal.

Table 3 shows the predicted probabilities of adherence with
and without drug switches for non-LIS and LIS groups before
and after generic entry, predicted changes after generic entry
for the 2 groups, and predicted differential changes between the
2 groups (full results in Supplementary Table 2, available on-
line). After generic entry, overall adherence increased for non-
LIS but slightly decreased for LIS. Specifically, we observed a
6.4-pp (95% confidence interval [CI] ¼ 5.5 to 7.4 pp) increase in
the probability of being adherent with drug switches and an 8.0-
pp (95% CI ¼ 6.5 to 9.5 pp) increase in the probability of being ad-
herent without drug switches among the non-LIS group. In con-
trast, the LIS group had a 4.4-pp (95% CI ¼ 2.7 to 6.0 pp) increase
in the probability of being adherent with drug switches but a
4.9-pp (95% CI ¼ 2.4 to 7.3 pp) decrease in the probability of be-
ing adherent without drug switches after generic entry relative
to before generic entry. Compared with the LIS group, the non-
LIS group had a 12.8-pp (95% CI ¼ 9.9 to 15.7 pp) larger increase
in the probability of being adherent without switches and a 2.1-
pp (95% CI ¼ 0.2 to 4.0 pp) larger increase in the probability of
being adherent with switches after generic entry.

Discussion

This study used the unique combination of generic entry of AIs
and Medicare Part D subsidies for lower-income women to ex-
plore the role of OOP costs and therapeutic drug switching in
medication adherence. Consistent with previous studies (16,17),
we found overall adherence to hormonal therapy increased by
14.4 pp among non-LIS women after generic entry. We interpret
switching as a proxy for management of therapy-related ad-
verse events because clinical characteristics were stable before
and after generic entry, making a woman’s chance of experienc-
ing therapy-related side effects unlikely to change after generic
entry. Thus, the observed increases in switching after generic
entry can likely be attributed to cost reductions after generic en-
try and suggest improved management of side effects. The in-
creased switching likely resulted in increased adherence with
drug switches after generic entry, which provides population-
level evidence on the effects of drug switching on improving
adherence.

Comparisons between LIS and non-LIS groups provide
insights into the potentially different roles OOP costs may play
in decisions to refill the same drug vs switch to a different drug.
We found changes in outcomes for LIS women were not entirely
consistent with changes in their OOP costs after generic entry.
The LIS had minimal OOP costs for AIs before generic entry (me-
dian: $3.10 for a 30-day supply), which was reduced to $1.15 af-
ter generic entry. As demonstrated in a prior study and our data
(16), adherence had been decreasing before generic entry.
Unsurprisingly, LIS women’s adherence without drug switches
continued to decrease after generic entry, suggesting refilling
the same drug was mostly unaffected by the minimal reduction
($1.95) in OOP costs due to generic entry. However, the LIS expe-
rienced increases in adherence with drug switches similar to
non-LIS women who had a more than $30/mo reduction in their
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OOP costs for AIs, which is inconsistent with their minimal cost
change. Such inconsistency could be explained in several ways.
First, LIS women might have had false expectations about the
OOP costs of a drug they had not previously used. Second, LIS

women might be sensitive to small cost changes because of
their lower income. Third, physicians and pharmacists might
respond to the availability of generic AIs and thus promoted
switching among both groups. Likely, elements of all 3

Table 1. Characteristics of older women who initiated hormonal therapy with aromatase inhibitors before and after generic entry by Medicare
Part D LIS status

Variables

Non-LISa LISa

Pregeneric entry
period (n¼ 4978)

Postgeneric entry
period (n¼ 10 951)

Pregeneric entry
period (n¼ 1582)

Postgeneric entry
period (n¼ 3166)

Mean age at diagnosis, y 74.8 74.0 75.8 74.7
Age at diagnosis 85þ y 10.0 8.8 13.7 11.1
Race and ethnicity, %

Asian 2.4 2.2 7.3 8.9
Black 4.8 5.7 19.5 19.0
Hispanic 0.8 0.7 6.4 6.6
Other 2.5 3.2 3.2 4.1
White 89.5 88.2 63.6 61.4

Married, % 47.8 48.7 20.7 21.5
Location, %

Large metro 64.5 63.6 59.2 59.0
Urban 34.2 35.2 38.6 39.1
Rural 1.3 1.3 2.3 1.8

HR status, %
ER�/PRþ 0.6 0.5 1.0 0.6
ERþ/PR� 18.0 15.0 16.4 13.7
ERþ/PRþ 81.4 84.5 82.6 85.7

Stage, %
0 2.8 3.3 2.8 3.6
I 51.9 52.8 39.2 42.5
II 29.5 29.9 33.6 33.3
III 7.7 7.5 11.8 11.2
IV 4.0 3.9 7.5 5.3
Unknown 4.1 2.5 5.1 4.2

Tumor grade, %
Low 74.7 76.4 69.0 71.5
High 18.3 18.2 21.9 21.9
Unknown 7.0 5.4 9.1 6.6

Tumor size, %
0 to <1 cm 21.8 22.9 14.0 18.9
1-2 cm 43.8 42.5 39.5 36.0
>2 cm 30.4 31.6 40.8 40.7
Unknown 4.0 3.0 5.7 4.5

Lymph node involvement, %
Negative 61.5 62.5 48.3 51.0
Positive 22.9 22.2 27.4 26.5
Not examined 15.6 15.3 24.3 22.5

Radiation, % 47.5 50.5 36.3 38.2
Surgery, %

Lumpectomy 57.0 60.2 44.2 47.4
Mastectomy 36.2 31.8 42.8 39.0
No, other, unknown 6.9 8.0 13.0 13.6

Part D coverage, %
PDPa 52.6 51.1 78.0 67.4
MAPDa 44.1 45.8 16.1 24.4
Mixeda 3.3 3.1 5.9 8.1

aER ¼ estrogen receptor; HR ¼ hormone receptor; LIS ¼ women who received the low-income subsidy for all follow-up months; MAPD ¼Medicare Advantage plan that

offers prescription drug coverage; mixed ¼ women had mixed months of PDP and MAPD during the follow-up period; non-LIS ¼ women who did not receive Medicare

Part D low-income subsidy for all follow-up months; PDP ¼ stand-alone Medicare Part D prescription drug plan; PR ¼ progesterone receptor.
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explanations apply, but the first may be the main driver. Due to
the complexity of Part D plan design, including different cost-
sharing across benefit phases, it is unlikely that any women
would know their exact OOP costs or the cost reduction because
of generic entry before ever using a drug, and generic entry
might create perceptions of large cost reduction for LIS and
non-LIS groups. The increase in initiation of hormonal therapy
after generic AI entry among LIS women (19) supports this ex-
planation. Also, studies have shown that Medicare Part D enroll-
ees had limited knowledge about their drug coverage, especially
those receiving LIS (22,23). LIS women might overestimate their
cost-sharing liability for different AIs, and generic entry might
create perceptions of cost reduction and address their concerns
about facing an increase in OOP costs after switching.

To the best of our knowledge, this is the first population-
based analysis to provide evidence that reducing OOP costs
could increase drug switching, which could improve adherence
when patients can switch to therapies that they experience
fewer side effects. The probability of women being adherent to
therapy with drug switches increased by more than 4 pp after
generic entry regardless of their subsidy status. Given that the
probability of experiencing treatment-related side effects is un-
likely to change due to generic entry, the increased switching
from one AI to another AI and/or from tamoxifen to AIs after ge-
neric entry suggests the management of side effects was im-
proved with more generic options. Population-based studies
often found switching was associated with increased nonadher-
ence and early discontinuation of hormonal therapy by includ-
ing switching (an intermediary outcome) as an independent
variable (8,9). By integrating switching into our adherence out-
comes, we demonstrated the benefits of switching while recog-
nizing that they are still a sign of an adverse event.

Although our study has considerable strengths, some limita-
tions must be acknowledged. First, we were unable to deter-
mine the specific mechanisms underlying increased switching
among the LIS group with minimal cost-sharing. Second, due to
the limitations of claims data, we were unable to determine the
exact reasons for nonadherence and differentiate those who

permanently discontinued vs those who temporarily stopped
refilling their prescriptions. Third, some switches we captured
were likely due to cost reasons. However, such switches only in-
volve exemestane users and represent a very small proportion
of all switches. We also excluded all follow-up in the time pe-
riod where AIs were transitioning to generic versions and OOP
costs were more variable. After generic entry, all hormonal ther-
apy drugs had similar OOP costs except for exemestane, whose
use was very low (19). Fourth, we could not examine factors
other than drug costs, such as physicians’ prescribing behav-
iors, patient–physician communications, or pharmacists’
behaviors that might be correlated with generic entry and affect
switching and adherence. Generic entry might trigger more
communication between physicians and patients, and treat-
ment adherence greatly depends on physician–patient commu-
nications (24,25). In some states, pharmacists are allowed to
switch patients to a different drug, or they could request a new
prescription from the prescriber (26). However, such practices
should apply equally to LIS and non-LIS women. Despite these
limitations, our study demonstrates important patterns that
raise crucial questions about the role of cost-sharing and drug-
switching behaviors for managing drug adherence and prevent-
ing discontinuation.

Before generic entry, 30.5% of postmenopausal women diag-
nosed with HR-positive breast cancer never started hormonal
therapy, which decreased to 25.7% after generic entry (19). Our
study demonstrated that generic entry substantially reduced
OOP costs for non-LIS women, and overall adherence increased
by 14.4 pp, with a 6.4-pp increase from adherence with drug
switches and a 8.0-pp increase from adherence without drug
switches. With generic entry, women appear to be more willing
to try another therapy drug when experiencing side effects be-
fore they skip prescriptions or discontinue therapy. Such pat-
terns are also observed for LIS women whose OOP costs
declined only slightly after generic entry. Future research
should investigate whether reducing OOP costs or improving
understanding of costs should be promoted as a strategy for in-
creasing adherence to beneficial therapies.

Table 2. Patterns of drug switching among older women who initiated hormonal therapy with aromatase inhibitors

Drug-switching measures

Non-LISa LISa

Pregeneric
entry period

(n¼ 4978)
No. (%)

Postgeneric
entry period
(n¼ 10 951)

No. (%)

Difference,
percentage

point Pb

Pregeneric
entry period

(n¼ 1582)
No. (%)

Postgeneric
entry period

(n¼ 3166)
No. (%)

Difference,
percentage

point Pb

Any switches 888 (17.8) 2184 (19.9) 2.1 .002 198 (12.5) 542 (17.1) 4.6 <.001
Any switches within 1 y 630 (12.7) 1637 (14.9) 2.3 .007 144 (9.1) 399 (12.6) 3.5 <.001
Any switches from TAX to AIa 58 (1.2) 151 (1.4) 0.2 .53 18 (1.1) 47 (1.5) 0.3 .33
Any switches from AI to TAX 526 (10.6) 851 (7.8) �2.8 <.001 93 (5.9) 196 (6.2) 0.3 .67
Any switches from AI to another AI 437 (8.8) 1596 (14.6) 5.8 <.001 116 (7.3) 396 (12.5) 5.2 <.001
Any switches from AI to another

AI or from TAX to AIc

488 (9.8) 1698 (15.5) 5.7 <.001 132 (8.3) 432 (13.6) 5.3 <.001

aGiven that all women started with AIs, women who had switches from tamoxifen to AIs must first have switches from an AI to tamoxifen. AI ¼ aromatase inhibitor;

LIS ¼ women who received low-income subsidy for all follow-up months; non-LIS ¼ women who did not receive Medicare Part D low-income subsidy for all follow-up

months; TAX ¼ tamoxifen.
bTwo-sided z test.
cOne woman could have both types of switches (from AI to another AI and from TAX to AI), and thus percentages do not add up.
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