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Abstract

Background: Adherence to oral cancer drugs is suboptimal. The Oncology Care Model (OCM) offers oncology practices
financial incentives to improve the value of cancer care. We assessed the impact of OCM on adherence to oral cancer therapy
for chronic myelogenous leukemia (CML), prostate cancer, and breast cancer. Methods: Using 2014-2019 Medicare data, we
studied chemotherapy episodes for Medicare fee-for-service beneficiaries prescribed tyrosine kinase inhibitors (TKIs) for
CML, antiandrogens (ie, enzalutamide, abiraterone) for prostate cancer, or hormonal therapies for breast cancer in OCM-
participating and propensity-matched comparison practices. We measured adherence as the proportion of days covered

and used difference-in-difference (DID) models to detect changes in adherence over time, adjusting for patient, practice,

and market-level characteristics. Results: There was no overall impact of OCM on improved adherence to TKIs for CML

(DID = —0.3%, 90% confidence interval [CI] = —1.2% to 0.6%), antiandrogens for prostate cancer (DID = 0.4%, 90% CI=—0.3% to
1.2%), or hormonal therapy for breast cancer (DID = 0.0%, 90% CI = —0.2% to 0.2%). Among episodes for Black beneficiaries in
OCM practices, for whom adherence was lower than for White beneficiaries at baseline, we observed small improvements in
adherence to high cost TKIs (DID = 3.0%, 90% CI=0.2% to 5.8%) and antiandrogens (DID = 2.2%, 90% CI =0.2% to 4.3%).
Conclusions: OCM did not impact adherence to oral cancer therapies for Medicare beneficiaries with CML, prostate cancer, or
breast cancer overall but modestly improved adherence to high-cost TKIs and antiandrogens for Black beneficiaries, who had
somewhat lower adherence than White beneficiaries at baseline. Patient navigation and financial counseling are potential

mechanisms for improvement among Black beneficiaries.

Oral cancer drugs have an increasingly important role in cancer
treatment. Unlike infused cancer therapies delivered in the of-
fice, oral cancer treatments require patients to ingest medica-
tion on a regular schedule, often daily. However, adherence to
daily medications may be challenging for some patients, even
for highly effective cancer therapies. For example, oral tyrosine
kinase inhibitors (TKIs) for chronic myelogenous leukemia
(CML) are targeted therapies that have transformed CML from a
condition with a median survival of 5 to 6 years to a condition
with near normal life expectancy (1-3). Adherence is essential
because treatment interruption may lead to recurrent and/or

treatment-resistant disease (4). Nevertheless, prior research
documented adherence rates of only 61% among newly diag-
nosed Medicare beneficiaries with CML who initiated TKI ther-
apy (5). Adherence is suboptimal for other frequently prescribed
and effective oral cancer therapies. For example, enzalutamide
and abiraterone prolong survival for men with metastatic or lo-
cally advanced prostate cancer, but a recent report documented
mean adherence rates among Medicare beneficiaries of 75%,
with substantial variability across geographic areas (6). Oral
therapies also have an important role in breast cancer treat-
ment, where patients with hormone receptor-positive, early
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stage breast cancer are typically prescribed adjuvant hormonal
therapy for 5 to 10 years. Studies have consistently documented
suboptimal adherence to hormonal therapy for breast cancer (7-
9). Potentially modifiable barriers to adherence include manag-
ing side effects, patient beliefs and perceptions, poor patient—
provider communication, and high medication cost (10).

The Centers for Medicare & Medicaid Services’ Oncology
Care Model (OCM) is an alternative payment model that pro-
vides structured incentives to oncology practices to improve the
quality and efficiency of cancer care for Medicare beneficiaries
undergoing chemotherapy. In its first 3years, OCM has led to
modest savings in Medicare total episode payments that were
not sufficient to cover the monthly payments provided by the
program to support delivery of enhanced oncology services (11).

Practices participating in OCM are required to provide en-
hanced oncology services for Medicare beneficiaries undergoing
chemotherapy. For example, OCM participating practices must
provide the core functions of patient navigation. In some practi-
ces, navigators routinely contact beneficiaries prescribed oral
cancer drugs to assess for adverse effects of therapy and to
identify and overcome barriers to medication adherence (12-14).
OCM also requires practices to document 13 essential “care ele-
ments” described by the Institute of Medicine (15), including
out-of-pocket cost estimates for patients before they start a
new cancer therapy. Most participating practices employ finan-
cial counselors to provide this cost information and to identify
resources for financial assistance (12,13). Given the high cost
sharing for Medicare Part D (16,17), beneficiaries requiring oral
cancer drugs may be particularly likely to benefit from such
services.

To determine whether OCM’s focus on care coordination, pa-
tient navigation, and financial transparency increased adher-
ence to oral cancer therapies, we examined changes in
adherence over time to TKIs for beneficiaries with CML, the
antiandrogens enzalutamide and abiraterone for beneficiaries
with prostate cancer, and oral hormonal therapies for beneficia-
ries with breast cancer. We hypothesized that the enhanced on-
cology services associated with OCM participation would
increase adherence to these therapies. We expected that effects
would be greater for high-cost drugs such as TKIs, abiraterone,
and enzalutamide, for which annual out-of-pocket expendi-
tures may exceed $10000 for Medicare Part D beneficiaries with-
out low-income subsidies (17). In secondary analyses, we
assessed if there were differential impacts on adherence by race
and ethnicity, given prior evidence showing lower adherence
among patients of color (18,19), which may be in part be due to
greater financial toxicity (20,21).

Methods

Data, Beneficiaries, and General Approach

Methods for the OCM evaluation have been described previously
(11). The study was approved by the Abt Associates institutional
review board with a waiver of informed consent. We used
Medicare administrative data for beneficiaries of all ages with
fee-for-service Medicare (excepting end-stage renal disease
beneficiaries) who initiated systemic cancer therapies during
2014-2018. Beneficiaries filling prescriptions for oral chemother-
apy triggered a chemotherapy episode if a claim with a cancer
diagnosis was present on the prescription fill date or in the pre-
ceding 59 days and were continuously enrolled through the 6-
month episode (or death). Episodes were attributed to the

oncology practice (based on tax identification number) that pro-
vided the plurality of cancer-related evaluation and manage-
ment visits during the episode. We used a difference-in-
difference (DID) design (22) to compare trends in adherence
over time among episodes for beneficiaries enrolled in Part D
treated in physician practices participating in OCM (n=201),
compared with episodes for beneficiaries treated in comparison
practices not participating in OCM. Comparison practices
(n=534) were selected based on propensity-score matching on
patient, practice, and market-level attributes using Medicare
data and external data on market-level characteristics from
2014 to 2016 (11-13,23). We studied adherence in the baseline
period (6-month episodes starting July 2, 2014, through January
1, 2016, and ending by June 30, 2016) and the intervention period
(6-month episodes starting July 1, 2016, through January 1, 2019,
and ending by June 30, 2019).

Analyses focused on beneficiary episodes for chronic leuke-
mia treated with TKIs (imatinib, dasatinib, nilotinib, bosutinib,
ponatinib); prostate cancer treated with enzalutamide or abira-
terone; or breast cancer treated with tamoxifen, anastrozole,
exemestane, or letrozole and no other systemic cancer therapy.
Additional details are included in the Supplementary Methods
(available online).

Adherence

To measure adherence, we calculated the proportion of days
covered (PDC) by summing the number of actual days’ supply
dispensed divided by the number of days between the index fill
of the drug of interest and the last day of the 6-month episode
(or the date of death or hospice enrollment). PDC is recom-
mended by the Pharmacy Quality Alliance for measuring adher-
ence in studies using administrative data (24). For each
analysis, beneficiaries could switch from one drug in the class
to another; beneficiaries were censored if they switched to an-
other drug of a different type (eg, chemotherapy) suggesting dis-
ease progression. Additional details are included in the
Supplementary Methods (available online).

Control Variables

Analyses were adjusted for beneficiary, practice, and market
characteristics that might be associated with adherence and in-
cluded all variables in the propensity score matching models
(12,13). The comparison practices were selected to assess a
broad range of outcomes, rather than specifically for assess-
ment of adherence for the clinical scenarios described here. The
OCM and comparison episodes remained well balanced (see
Table 1; Supplementary Table 1, available online). We addition-
ally adjusted for beneficiary, practice, and market characteris-
tics to account for any residual differences. Beneficiary
characteristics included age (younger than 65, 65-69, 70-74, 75-
79, 80-84, 85years and older), sex, race, and ethnicity based on
the Research Triangle Institute race variable in the Medicare en-
rollment file (Hispanic; non-Hispanic Black or Black; non-
Hispanic White or White; Other, including American Indian and
Alaska Native, Asian and Pacific Islander, and 1.2% with un-
known race and ethnicity), dual eligibility, disease severity as
measured by Hierarchical Condition Categories (HCC) risk
score (categorized in approximate quartiles), cancer type, and
previous cancer treatment episode (yes or no). Practice charac-
teristics (based on the practice billing unit or tax identification
number) included volume of episodes, 3 or fewer oncology
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providers, affiliation with an academic medical center, health
system affiliation and hospital ownership (an indicator was in-
cluded for <0.5% of episodes with missing data on affiliation
and ownership), provider mix (oncology-only specialists as well
as flags for radiation oncologists, surgical oncologists, and/or
gynecologic oncologists), and proportion of providers who are
nurse practitioners or physician assistants. Market characteris-
tics defined at the county level included total population, per-
cent of population aged 65 years or older, percent living in
poverty, Medicare Advantage penetration, proportion of popula-
tion in primary health-care shortage area, ratio of specialists to
generalists, emergency visits resulting in inpatient stays in the
fee-for-service Medicare population, and state indicators.

Analyses

For each beneficiary episode during the baseline and interven-
tion periods, we calculated the PDC. Using DID models, we
assessed change in PDC from the baseline period to the inter-
vention period for episodes attributed to OCM vs comparison
practices, with an interaction term between intervention (vs
baseline) period and treatment group (OCM vs comparison) to
assess the impact of OCM. We employed linear models to adjust
for beneficiary, practice, and market factors described above
and accounted for clustering of observations within practices.
We repeated analyses stratified by race and ethnicity for Black,
Hispanic, and White; beneficiaries; and subgroups with reason-
able sample sizes.

We present DID results as point estimates of adherence with
upper and lower confidence intervals (CI) at the 90% level. Two-
sided P values of .10 were used throughout the OCM evaluation
to reduce the likelihood of missing effects of the model. Because
a key assumption of DID models is that differences between
treatment and comparison groups were constant in the baseline
period, we compared quarterly trends in adherence during the
baseline period and found them to be similar (Supplementary
Figures 1-4, available online). In sensitivity analyses, we re-
peated DID models after removing the 2 largest OCM practices
for which there were no comparison practices of comparable
size to ensure that results were not driven by these 2 large prac-
tices (25). Results of this sensitivity analysis were similar and
are not presented. We additionally conducted sensitivity analy-
ses restricting the nonstratified cohorts to beneficiaries who
were new users of the drugs (defined as no fills in the prior 6
months).

Results

Beneficiary Episode Characteristics

There were 25481 CML 6-month episodes with fills for TKIs
(imatinib, dasatinib, nilotinib, bosutinib, and ponatinib) during
the baseline and intervention periods; 42.3% of beneficiaries
with episodes were aged younger than 70years (Table 1). There
were 51176 episodes with fills for enzalutamide or abiraterone
treatment for prostate cancer; 20.8% of beneficiaries were aged
younger than 70 years. There were 490 357 episodes with fills for
hormonal therapies (tamoxifen, anastrozole, exemestane, letro-
zole) for low-risk breast cancer; 36.7% of beneficiaries were aged
younger than 70 years. Additional characteristics of the benefi-
ciary episodes are included in Table 1 and Supplementary Table
1 (available online).
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Adherence

As shown in Table 2, adherence was generally high at baseline,
with PDCs of more than 85% for all classes of drugs and more
than 90% for hormonal therapies for breast cancer. Adherence
to TKIs for CML declined slightly in both OCM and comparison
episodes between the baseline and intervention periods with no
relative impact of OCM (DID impact estimate = —0.3 percentage
point change for OCM relative to comparison episodes, 90% CI =
—1.2% to 0.6%; P=.60) (Table 2). Similar patterns were evident
for each of the 3 most frequently prescribed TKIs individually
(imatinib, dasatinib, and nilotinib) (Supplementary Table 2,
available online). For beneficiaries with prostate cancer, adher-
ence to enzalutamide or abiraterone declined in both OCM and
comparison episodes, with no relative impact of OCM (DID im-
pact estimate=0.4 percentage point PDC increase relative to
comparisons episodes, 90% CI = —0.3% to 1.2%; P =.34; Table 2).
Patterns of adherence were similar for both enzalutamide and
abiraterone (Supplementary Table 3, available online).
Adherence to hormonal therapy for breast cancer remained rel-
atively stable in OCM and comparison episodes, with no relative
impact of OCM on adherence (DID estimate=0.0 percentage
points, 90% CI = —0.2% to 0.2%; P = .86). Results were similar for
tamoxifen and letrozole (Supplementary Table 4, available on-
line). There was a small relative decline in adherence to anas-
trozole (DID impact estimate = —0.3%, 90% CI = —0.6% to —0.1%;
P=.03) and a small relative increase in adherence to exemes-
tane (DID impact estimate =0.8%, 90% CI=0.1% to 1.6%; P=.06;
Supplementary Table 4, available online). Full model results are
included in Supplementary Tables 5-7 (available online).

In analyses stratified by race and ethnicity, adherence in the
baseline period was lower for Black beneficiaries than for White
beneficiaries, particularly for the high-cost TKIs for CML and
abiraterone or enzalutamide for prostate cancer (Table 3). OCM
led to improved adherence to these drugs among Black benefi-
ciaries (DID impact estimate = 3.0 percentage point increase for
TKIs for CML, 90% CI=0.2% to 5.8%, and 2.2 percentage point in-
crease for abiraterone or enzalutamide, 90% CI=0.2% to 4.3%)
with no OCM impact on adherence to these drugs for Hispanic
or White beneficiaries. There was no OCM impact on adherence
to lower-cost hormonal therapy for breast cancer for any racial
and ethnic subgroup (Table 3).

In sensitivity analyses restricting the full cohorts to likely
new users (no fill of the drug in the prior 6 months), we observed
no impact of OCM, although confidence intervals were wide
(Supplementary Table 8, available online).

Discussion

OCM is an alternative payment model that seeks to improve the
quality and efficiency of cancer treatment. We observed rela-
tively high adherence to oral cancer medications at baseline for
beneficiaries with CML, prostate cancer, and breast cancer in
both OCM and comparison episodes. Practice participation in
OCM did not improve patients’ adherence to oral cancer thera-
pies. However, adherence to high-priced TKIs, enzalutamide,
and abiraterone improved modestly among Black beneficiaries
in OCM episodes relative to comparison episodes, for whom ad-
herence was somewhat lower at baseline.

As oral cancer therapies are introduced for a growing num-
ber of oncologic indications, adherence to therapy becomes in-
creasingly important. Unlike infused chemotherapies, whose
administration is rigorously supervised, oncologists do not ob-
serve ingestion of oral therapies, and evidence suggests that
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Table 2. Impact of OCM on adherence to oral drugs for CML, prostate cancer, and hormonal therapy for breast cancer

OCM proportion
of days covered

No. of episodes

Comparison proportion

of days covered Impact estimates®

Proportion of days covered OCM

Comparison Baseline, % Intervention, % Baseline, % Intervention, %

DID (90% CI), % PP

All tyrosine kinase 12152 13329 87.6
inhibitors

Enzalutamide or 23050 28126 88.6
abiraterone

Hormonal therapy for 237803 252554 90.4
breast cancer

86.1 88.1 86.8 -0.3(-1.2t0 0.6) .60
84.5 89.1 84.5 0.4 (-0.3t01.2) 34
90.8 90.7 91.1 0.0(-0.2t0 0.2) .86

2Full model results are included in Supplementary Tables 5-7 (available online). CI = confidence interval; CML = chronic myelogenous leukemia; DID = difference-in-

difference estimate; OCM = Oncology Care Model intervention group.

YImpact estimates and 2-sided P values based on difference-in-differences regression analysis.

Table 3. Impact of OCM on adherence to oral drugs for CML, prostate cancer, and hormonal therapy for breast cancer by race and ethnicity

OCM proportion
of days covered

No. of episodes

Comparison proportion

of days covered Impact estimates

Proportion of days covered OCM  Comparison Baseline, %

Intervention, % Baseline, % Intervention, %

DID (90% CI), %  P?*

Tyrosine kinase inhibitors
for chronic myelogenous

leukemia

Black 1056 1305 82.7
Hispanic 881 822 84.9
White 92619 10636 88.5

Enzalutamide or abiraterone
for prostate cancer

Black 2809 3517 86.0
Hispanic 1315 1407 87.0
White 17956 21895 89.2

Hormonal therapy for
breast cancer

Black 18778 20313 88.6
Hispanic 11377 10551 89.4
White 199087 211787 90.6

85.1 85.2 84.7 30(02t058 .08
84.2 86.9 88.9 —2.7(-65t01.1) .25
86.4 88.3 6.8 —0.6(-16t004) .33
84.4 87.2 83.3 22(02t04.3) .08
84.0 88.3 85.0 03(-2.6t032) .88
84.3 89.5 84.7 00(-0.8t009) .9
89.2 88.3 89.2 —~0.3(-1.0t00.3) .38
90.0 89.8 89.9 06(-0.2t01.4) .24
91.0 90.9 91.3 01(-0.1t003) .54

AImpact estimates and 2-sided P values based on difference-in-differences regression analysis. CI = confidence interval; CML = chronic myelogenous leukemia; DID =

difference-in-difference estimate; OCM = Oncology Care Model intervention group.

adherence to oral cancer therapies is often suboptimal (5,7-
9,26). Adherence to oral therapies was higher among beneficiary
episodes in our study than in other reports, likely because we
studied chemotherapy episodes that were triggered by the dis-
pensing of the oral cancer drug. In other words, beneficiaries
who were not filling their oral prescriptions regularly would
trigger fewer OCM-defined chemotherapy episodes and would
be underrepresented in our episode-level data. Nevertheless,
adherence in the baseline period for TKIs and enzalutamide or
abiraterone was less than 90% and declined during the inter-
vention period in the intervention and comparison groups.
Strategies to ensure that patients are filling prescriptions
and taking cancer therapies are critically important if patients
are to realize the benefits of these treatments. Although OCM
was a policy intervention, a goal was to improve the delivery of
care to beneficiaries with cancer, and many OCM practices
made changes in response to OCM that might positively impact
adherence. For example, many OCM practices employ patient
navigators and pharmacists to ensure that their patients are
taking oral cancer drugs as prescribed while mitigating physical
toxicities that may hinder adherence (12,13). These clinicians

may have helped beneficiaries overcome barriers to adherence
by sharing medication management strategies and providing
patient education. A recent innovative pharmacist-led interven-
tion improved adherence and molecular response outcomes for
patients with CML (27). Additionally, many OCM practices em-
ploy financial counselors to help patients address financial bar-
riers to adherence (12,13). A recent review of adherence-
promoting interventions for oral cancer agents suggests that
interventions directed by pharmacists and involving regular
monitoring show promise (28). Our findings suggest that these
efforts as implemented by practices participating in OCM did
not have large impacts—this could be because of limited effects
of any OCM-related changes or similar changes in comparison
practices. Nevertheless, in subgroup analyses, we observed
OCM-related adherence improvements for Black beneficiaries
for 2 classes of high-priced oral therapies and not for lower-
priced hormonal therapies for breast cancer. Note that although
generic imatinib became available during the study period, out-
of-pocket costs for generic imatinib remained high because of
the Part D benefit design (29). Other research suggests that
Black individuals may have lower adherence than White
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individuals to hormonal therapies for breast cancer (8,18,19,30),
but fewer studies have assessed adherence to other oral cancer
drugs. Two studies of adherence to TKI therapy for chronic my-
eloid leukemia for patients treated in 2007-2012 did not identify
differences by race (5,31); however, prior evidence has found
that even modest cost sharing for TKIs is associated with lower
adherence rates to these medications (26). An analysis of the
National Health Interview Survey found that among older can-
cer survivors, 12.7% reported cost-related nonadherence to
medications, with higher rates among Black and Hispanic indi-
viduals than Whites (32). Black individuals with cancer report
more financial toxicity than do White individuals (defined as
having to pay more for medical care than they can afford) (20),
and financial toxicity and greater financial burden are strongly
related to nonadherence to oral cancer drugs (20,21). Patient
navigation (33) and financial counseling may be particularly
beneficial for individuals experiencing high out-of-pocket costs,
as is the case for Medicare beneficiaries without low-income
subsidies who take high-priced oral cancer drugs (16,17).

This analysis has several limitations. We studied adherence
for Medicare fee-for-service beneficiaries with 3 cancers for
which oral drugs are key therapies; our findings may not gener-
alize to other oral cancer drugs or individuals with other insur-
ance. Also, we were unable to assess primary nonadherence
(not filling a first prescription), and we studied beneficiaries
who filled their medications frequently enough to trigger a che-
motherapy episode; our findings may not generalize to patients
with much lower adherence. Second, we used prescription fills
to assess adherence; we cannot be sure that once filled, benefi-
ciaries ingested medications as prescribed. It is also possible
that some beneficiaries were advised to discontinue TKI ther-
apy, given evidence that some individuals may be able to safely
discontinue TKIs if a sustained molecular response is achieved
(34,35). We also could not identify if beneficiaries were using
prescription assistance programs, and our analyses did not ad-
just for polypharmacy, although we have no reason to suspect
these factors differed for OCM and comparison episodes. Third,
our DID analysis relies on an appropriate comparison group to
estimate counterfactual trends in the absence of the OCM inter-
vention. We selected comparison practices based on numerous
baseline characteristics—baseline trends were very similar for
OCM and comparison episodes—and we have found no evi-
dence that characteristics of OCM and comparison episodes are
changing differentially over time (12); however, there could be
unobserved differences. OCM was a voluntary model, and par-
ticipating practices were more often larger, multisite, and affili-
ated with academic centers than comparison practices; they
also may have differed in their use of innovative strategies for
improving adherence. Fourth, we studied the impact of a policy
intervention and thus cannot comment on specific practice-
level interventions that may or may not improve adherence,
nor did we have information about whether comparison practi-
ces may have expanded services that might promote adher-
ence, even without the incentives provided by OCM. We
assessed race and ethnicity from administrative data, which
has high validity for self-reported Black race but may underas-
certain some Hispanic beneficiaries (33). Finally, we used pre-
specified 2-sided P values set at the .10 limit to avoid missing
program effects. It is possible that the race-specific findings we
observed reflect a type 1 error.

In summary, for beneficiaries with CML, prostate cancer, or
breast cancer, OCM-related care delivery changes did not im-
pact adherence to oral drugs overall but modestly increased ad-
herence to 2 classes of expensive oral therapies for Black

beneficiaries, for whom adherence was somewhat lower at
baseline. Additional research is needed to identify effective
practice-level interventions to promote adherence to oral can-
cer treatments.
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