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Abstract

Background The effectiveness of specialty medications in complicated clinical conditions depends on adherence to therapy.
However, specialty medications pose unique barriers to adherence.

Objective This study aims to determine whether pharmacist interventions improve specialty medication adherence.
Methods This is a single-center, pragmatic, randomized controlled trial ongoing since 10 May 2019 at an integrated health
system specialty pharmacy. This study evaluates usual care compared with usual care plus patient-tailored adherence inter-
ventions. Study design and procedures were informed by focus groups with patients and specialty pharmacists. Patients at
Vanderbilt Specialty Pharmacy with a proportion of days covered (PDC) < 90% in the previous 4 months are identified by a
daily query of the electronic pharmacy database. A pharmacist reviews these patients’ electronic health records to identify
and exclude ineligible patients. Eligible patients are randomized evenly to the control or intervention arm and stratified by
historical clinic nonadherence rates. Patients randomized to the intervention arm undergo a baseline assessment to clarify
reasons for nonadherence and subsequently receive patient-tailored interventions based on their specific reasons. Interven-
tions and follow-up are provided at the discretion of the intervening pharmacist. The primary outcome is PDC calculated at
8 months post-enrollment. Enrollment of 438 participants will provide 90% power to detect a 5% difference in PDC between
the two arms within each nonadherence risk stratum.

Discussion This trial will evaluate the effect of patient-tailored interventions on specialty medication adherence and will
inform how often and why patients are misidentified as nonadherent.

Registration The trial was deemed a quality improvement initiative by the Vanderbilt University Institutional Review Board.
It was registered in ClinicalTrials.gov (NCT03709277) on 17 October 2018.

The contribution of specialty medication nonadherence to
these financial and clinical outcomes is unknown but likely

1 Background

Medication nonadherence costs the USA healthcare sys-
tem an estimated $US672.7 billion and results in 12 mil-
lion hospitalizations and over 275,000 deaths annually [1].
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high, as patients prescribed specialty medications are known
to incur more healthcare costs than nonspecialty patients
[2]. When used as directed, specialty medications can sig-
nificantly reduce patient morbidity and mortality [3-5].
However, specialty medications have unique barriers to
adherence, including high out-of-pocket costs, challenging
administration methods (often self-injected), limited dis-
tribution and payor networks, unique shipping and storage
considerations, and safety monitoring that requires frequent
follow-up visits with providers. Additionally, patients on spe-
cialty therapies often struggle with multiple comorbidities
such as pain, disability, and fatigue as a result of their dis-
eases [6—-8]. Measures to combat nonadherence in this popu-
lation include direct and indirect remuneration fees posed
by payors on pharmacies, accreditation standards for spe-
cialty pharmacies, and a growing number of outcomes-based
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Specialty medications have unique challenges that may
affect adherence, such as medication costs, adminis-
tration technique, frequent monitoring requirements,
challenging distribution networks, shipping and storage
logistics, and intentional interruptions in therapy because
of side effects or extenuating circumstances.

Reasons for misidentified and true nonadherence to
specialty medications, and pharmacist interventions
to improve nonadherence, were identified based on
patients’ and pharmacists’ feedback and by reviewing
patients’ electronic health records.

Increasing specialty medication adherence through
patient-tailored pharmacist-led interventions may
improve clinical outcomes, reduce direct and indi-
rect remuneration fees, and improve outcomes-based
contracts and accreditation standard performance by
specialty pharmacies.

contracts [9]. Health system specialty pharmacists are ide-
ally positioned to identify and address barriers to specialty
medication adherence as they are embedded within clinics
and maintain frequent (often monthly) communication with
patients on therapy. Little work has explored the rates of and
reasons for nonadherence in a broad specialty population or
patient-level pharmacist interventions for improving adher-
ence in the specialty population.

Specialty pharmacies and payors most commonly use
pharmacy claims to calculate adherence, producing a skewed
view of true adherence behavior in a population that often
requires intentional interruptions in therapy because of
adverse effects, extenuating clinical circumstances, or the
use of samples [10, 11]. Previous research, limited by a
small retrospective study design, demonstrated high rates
of misidentified nonadherence using pharmacy claims adher-
ence calculations in specialty patients [11]. More data are
needed to guide specialty pharmacies in improving methods
to identify and reduce true medication nonadherence in all
three stages of medication use (initiation, implementation,
persistence) [12].

Herein, we describe the design and pilot data of a study
to accomplish two aims: (1) to evaluate the effects of phar-
macist-provided patient-tailored adherence interventions
on adherence to specialty medications, and (2) to improve
understanding of misidentified nonadherence by determin-
ing reasons for nonadherence. The methods undertaken to
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design the study and pilot results can provide significant
insight into pharmacist- and patient-perceived reasons for
nonadherence, potential interventions to improve adherence,
and a detailed method of calculating adherence. The out-
comes of this study will provide needed insight into rates of
and reasons for nonadherence and the impact of pharmacist-
led patient-tailored interventions. While we await the results
of this study, the protocol description offers key learnings
for specialty pharmacy practice.

2 Methods

This manuscript was prepared in accordance with Criteria
for Reporting the Development and Evaluation of Complex
Interventions in healthcare: revised guideline (CReDECI 2)
[13].

2.1 Study Design

This is a single-center, pragmatic, randomized controlled
trial being conducted since 10 May 2019 that continues
to enroll at an integrated health system specialty phar-
macy at Vanderbilt University Medical Center (VUMC).
The study is evaluating usual care compared with usual
care plus pharmacist-driven patient-specific adherence
interventions. Patients with a prescription written by a
VUMC provider and dispensed by Vanderbilt Specialty
Pharmacy (VSP), who demonstrate suboptimal adher-
ence based on both their previous 4-month proportion of
days covered (PDC) and chart review for true (as opposed
to misidentified) nonadherence are assessed for eligibil-
ity. Adherence interventions are performed by either of
two specialty pharmacists, termed intervention pharma-
cists, with experience in multiple specialty clinics. The
primary investigator has practiced within seven specialty
clinics over the previous year and has experience in both
inpatient and outpatient settings. Specific preparation to
provide adherence interventions in this study included
reviewing pertinent literature, participating in a commu-
nity focus group regarding medication adherence, meeting
with manufacturer adherence specialists, and conducting
the pilot study. The primary investigator enrolled patients,
determined reasons for nonadherence, and made recom-
mendations for interventions that were conducted by either
herself or a second intervention pharmacist. The second
pharmacist was trained by the primary investigator and
was primarily responsible for follow-up after the initial
intervention. Study design and interventions are informed
by focus groups with patients and specialty pharmacists as
detailed below. Figure 1 provides a visual representation
of our methods.
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2.2 Pilot Study

We conducted a 4-week pilot study using the planned study
design as described. Of 84 patients reviewed, 33 met inclu-
sion criteria and were randomized. All screened patients fit
one of the proposed categories of reasons for nonadherence.
Based on the pilot study findings, the following changes
were made to the study design.

2.2.1 Eligibility Criteria

Many patients had low PDC at the medication level because
of switching therapy during the previous 4 months. To
address this, we added a filter to the pharmacy adherence
report to omit patients with two medications from the same
clinic within the 4-month timeframe. We also encountered
many patients who appeared nonadherent because of discon-
tinuing therapy. Based on anecdotal and pilot study experi-
ence, patients with > 30 days beyond their anticipated refill
date were highly likely to have either discontinued treatment
or have excess medication because of previous overlapping
refills. Therefore, an additional requirement of > 30 gap days
in the previous 4 months was included to reduce the risk
of excluding patients with a medication surplus because of
early refills.

Fig. 1 Visual summary of the

2.2.2 Patient Follow-Up Protocol

Prior to the pilot, we had a standardized protocol for post-
intervention follow-up at specified time intervals. The pilot
revealed our greatest hurdle would be contacting the patient.
Therefore, we determined it best to leave the frequency of
follow-up to the discretion of the intervention pharmacist.
Most patients are contacted during their routine refill call.

2.2.3 Forgetfulness Adherence Intervention

The pilot also identified forgetfulness as a primary reason for
nonadherence, often because of administration frequencies
of two or four times per month. We explored several options
for aiding memory and decided to use smartphone remind-
ers. In the pilot experience, patients were willing to set up
reminders on their phone. Therefore, we sent written instruc-
tions via post for how to set up reminders as a component of
the intervention when memory was indicated as a reason for
nonadherence and the patient reported using a smartphone.

2.2.4 Health System Determinants

We noted several patients missed refills because of inac-
curate data input in the pharmacy management system.

Excluded if any ofthe following are met:

adherence intervention study
process. REDCap Research
Electronic Data Capture, PDC
number of covered days from

Patients meeting the following criteria are imported
into study REDCap daily:

® > 4 specialty medication fills in the past 12 months

® PDC <90% over the previous 4 months

* Non-VUMC provider

« >1 unique spedalty medication from the same
¥ dlinicin the previous 4 months

Patients with gap days >30 in the previous 4

supply diary/calculated number
of days in time period of inter-
est, VUMC Vanderbilt Univer-

months and whose last fill was >30 days from
importing into the study database

Excluded if any ofthe following are met:

sity Medical Center

The intervention pharmadist reviews patient
el ectronic health record to determine reason for

¢ Deceased
¢ Planned treatment discontinuation in the

e
nonadherence subsequent 8 months
*Reason for misidentified nonadherence in the
l previous 4 months

Patients with true nonadherence are randomized

/\

Intervention Arm

Control (usual care) Arm

l

Baseline adherence assessment completed

l

and deployed

Patient-specific adherence intervention developed

l

Intervention follow-up and additional intervention
at the discretion of the phammacist

1

PDC calculated from the date of enrollment through 8 months after enrollment
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Examples included refill tasks that did not fire appropri-
ately, new prescriptions required but not sent, or prescrip-
tions sent to the incorrect pharmacy. To minimize the impact
of health system determinants, the investigator ensures all
refill requirements are met for each patient in the interven-
tion arm prior to the date they will run out of their previous
fill if taking as prescribed.

2.2.5 Defining Nonadherence

Adherence thresholds have been proposed by the Pharmacy
Quality Alliance for noninfused biologic medications used
to treat rheumatoid arthritis, noninfused disease-modifying
therapy used to treat multiple sclerosis, and antiretrovirals
(PDC of 80%, 80%, and 90%, respectively), and a medica-
tion possession ratio of <86% in patients on adalimumab
for inflammatory bowel disease demonstrated poorer out-
comes [14, 15]. However, in most specialty diseases, data
are insufficient to correlate an adherence threshold with
negative clinical outcomes, and it is widely accepted that
different medications require varying levels of adherence
for effectiveness. Our pilot defined nonadherence as having
a PDC < 80%; however, our proposed study population dem-
onstrated high rates of baseline adherence. Therefore, we
decided to define nonadherent as PDC < 90% to increase
the number of eligible patients and set a high standard for
adherence within our population. A PDC of <90% applied
to 365 days would mean > 37 days without therapy. We con-
sider this clinically significant given some specialty medica-
tions require re-titration or re-induction following multiple
missed doses.

2.3 Sample

All patients who receive a specialty medication prescription
from VSP and who meet the following criteria are included.

e The same medication (at Generic Product Identifier level
14) was filled four or more times in the 12 months before
date of import into the study database.

e The prescription was generated from one of the following
Vanderbilt outpatient specialty clinics: pediatric rheuma-
tology, pediatric gastroenterology/inflammatory bowel
disease, adult rheumatology clinics, dermatology, hema-
tology, adult endocrinology, neurology, asthma sinus &
allergy, idiopathic pulmonary fibrosis, pulmonary arterial
hypertension, cystic fibrosis, multiple sclerosis, neurol-
ogy, or a lipid clinic.

e Patient PDC was <90% over the previous 4 months.

Patients meeting the following criteria are excluded.

e Prescription issued by a non-VUMC provider.
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e Deceased patients.

e Planned treatment discontinuation in the subsequent
8 months (e.g., if the patient was> 16 months into a
24-month therapy or the planned course of treatment
was < 8 months).

e More than one unique specialty medication from the
same clinic in the previous 4 months (to reduce including
patients with gaps in claims data because of discontinu-
ing one therapy to start another).

e Patients with> 30 gap days in the previous 4 months
and whose last fill was > 30 days from importing into
the study database. This criterion was developed to bet-
ter identify patients likely to have discontinued treatment
and is further described in the Sect. 2.2.

e Any reason for misidentified nonadherence (such as for
provider-directed treatment holds or external pharmacy
fills, samples, discontinuation, inaccurate days’ supply
from claims data, lapse in financial assistance, no longer
prescribed by a VUMC provider, or held for coronavi-
rus disease 2019 [COVID-19] concerns) in the previous
4 months.

2.4 Screening, Enroliment, and Randomization

To identify eligible patients, we developed an automated
structured query language-based report that calculates PDC,
at Generic Product Identifier level 14, daily for all patients
with specialty prescriptions. The report is stored in a shared
protected folder for review and then securely transferred via
secure file transfer protocol to VUMC'’s server. Each day,
patient and prescription data for patients meeting inclu-
sion criteria automatically imports from this folder into the
study database in Research Electronic Data Capture (RED-
Cap), a web-based system for collecting and managing data
that complies with the Health Insurance Portability and
Accountability Act [16, 17]. Imported fields include medi-
cal record number, demographics, insurance type, specialty
clinic, specialty medication, PDC rate over the previous 4
and 12 months, and gap days over the previous 4 months.
An intervention pharmacist reviews the patients’ electronic
health records (i.e., clinical notes, provider and patient com-
munication) and the pharmacy patient management system
(i.e., notes on shipment delays, pharmacist/pharmacy tech-
nician communications) for reasons for nonadherence. Rea-
sons for nonadherence were informed by the pharmacists’
previous experience as well as patient and pharmacist feed-
back and are described in Table 1. Patients meeting exclu-
sion criteria are not randomized.

We use a stratified randomization scheme to minimize
baseline risk imbalance between arms. The strata are defined
by the specialty outpatient clinic from which a prescrip-
tion is generated, which has been characterized by risk for
nonadherence based on historical data. Eligible patients
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are randomized between the intervention arm and control
(usual care) arm with 1:1 allocation ratio within strata. The
randomization sequence was generated by a study statisti-
cian and deployed through REDCap’s randomization mod-
ule. If a patient is randomized to the intervention arm, but
the pharmacist later determines, after speaking with the
patient, that they met the exclusion criteria, the patient will
not receive any intervention but will be included in the final
analysis to maintain the balance of the randomized interven-
tion allocation.

2.5 Measuring Adherence

PDC is often the preferred medication adherence calculation
because it more accurately represents the supply of medica-
tion available [18, 19]. To determine PDC, a supply diary
is generated for the time window of interest. A supply diary
calculates the day-to-day tally of medication availability for

Table 1 Patient-specific interventions based on reason for nonadherence

each day in the window, where excess supply because of
overlapping refills is shifted forward (but never backward)
so that only 1 day’s supply is available each day, as seen in
Fig. 2. Any oversupply at the end of the time period is trun-
cated from the total supply.

2.6 Proportion of Days Covered Calculations

PDC will be used to calculate adherence for eligibility
(<90% over the previous 4 months), baseline characteristics
(PDC over the previous 8 months), and for the primary anal-
ysis 8 months post-enrollment. We chose a 4-month PDC for
eligibility screening to assess patients with recent nonadher-
ence with the goal of identifying and addressing adherence
challenges prior to longer gaps in therapy. A longer PDC
timeframe may include patients with nonadherence several
months prior to screening, reducing the potential for an
actionable intervention at the time it is needed. However,

Reason for nonadherence Description of intervention

Basis of rationale

Financial

Review insurance and financial opportunities

Factors contributing to nonadherence [19-21]

Explain cost structure and financial options to patient

Clinical

Review side effect management strategies with patients

Proven strategies for improving adherence [23-26]

Contact prescriber for ancillary medications or treatment

adjustment as needed

Provide specific medication education regarding risk/ben-

efits of treatment

Health literacy
ate medication education

Provide intensive language and education level-appropri-

Proven strategies for improving adherence [21, 27, 28]

Ensure that additional possible manufacturer resources are

utilized

Ensure patient understanding through assessments

Memory

Provide step-by-step instructions for setting up medication Proven strategies for improving adherence [21, 29]

reminders on smartphone via MHAV or mail

Review and implement adherence tools and adherence

action plan
Provide a pillbox
Unreachable

Perform additional call and exhaust all telephonic contact

Proven strategy for improving adherence [30]

information available (alternative numbers, contacts,
emergency contact) and mail a letter if needed

Unresponsive

High-touch assistance with coordination of required clini-

Factors contributing to nonadherence [31]

cal elements such as transportation and laboratory tests/

screening closer to home

Review insurance and financial opportunities based on
clinic-specific clinical management protocol

Explain cost structure and financial options to patient

Touch point

Provide positive reinforcement for high PDC

Provide an extra touch point to the healthcare team

Proven strategy in previous studies [32, 33]

A progress note was left in the electronic health record for
review by other members of the healthcare team

Health system determinants Request or follow-up on a new prescription

Factors contributing to nonadherence

MHAV My Health at Vanderbilt (patient portal), PDC proportion of days covered
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a longer PDC timeframe likely provides better insight into
sustained adherence behavior and we have therefore cho-
sen an 8-month PDC for baseline and outcome analyses.
Each of these PDC calculations measures the number of
covered days in the supply diary divided by the number of
days between the first fill in the time period of interest and
either the enrollment date (eligibility and baseline) or the
last fill in the study period (primary outcome) (Fig. 3). For

* Days 1140

Fill I claim

Days 41-70

Fill 2 claim

Days 96-125

Fill 3 claim
Days 116-145
Fill 4 claim

shifted

Days 126-155 H
Days 171-200:

Fill 5 claim
“Days 201230

Fill 6 claim

Observation window

0 30 60 90 120 150 180 210 240

Days from enrollment
Study Study
start end

B covered Surplus

Fig.2 Illustration of proportions of days covered (PDC) based on
claims data demonstrating an example of a PDC supply diary. Blue
bars correspond to the number of days’ supply received at each phar-
macy claim. A surplus of medication (shown in red) occurs when a
patient fills a prescription before the prior fill is exhausted, and thus
the patient has excess supply during the overlapping days. According
to the rules for calculating PDC, early refills are shifted forward to
begin once the prior fill is exhausted (as shown in fill 4). The study
period for all patients is the first 240 days after randomization. The
observation window is the time from the date of the first fill to the
date of the last fill within the study period and therefore varies by
patient. To calculate PDC, the number of covered days is divided by
the length of the observation window. In this example, there are 150
covered days in the observation window, and the time from the first to
last fill can be calculated as 201 — 11 =190 days. Thus, the PDC for
the given example is 150/190=78.9%

>4 fills in the preceding
12 months of fill data

4-month PDC<90%

—

8-month PDC calculated
for baseline characteristics

Fig.3 Time periods used in calculations for the study. At enrollment,
patients must have filled four or more prescriptions over the preced-
ing 12 months. Proportion of days covered (PDC) will be calculated
over two time periods at the time of enrollment: 4 months for eligi-
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the primary outcome analysis, confining PDC to the last fill
date ensures that we are measuring adherence when patients
in both arms are known to be on the medication. A fixed
end date was not used as this method does not account for
treatment discontinuation and can introduce bias by reducing
PDC of patients known to not be on therapy [20-22].

2.7 Intervention Design

To explore reasons for nonadherence that would inform
intervention design, we calculated PDC over 12 months
for all specialty areas. The average PDC was 91.8% from
a sample of 7488 patients, with 14.1% (n=1056) having
a PDC <80% [11]. We performed a manual chart review
of 10% of patients with PDC < 80% to evaluate reasons
for true and misidentified nonadherence. True nonadher-
ence was defined as PDC < 80%, and no understandable
reason for gaps in therapy were identified. We found six
primary reasons for true nonadherence: unreachable (pre-
venting medication dispensing), unresponsive (missed
laboratory tests, missed appointments, failure to respond
to financial documentation requirements), health literacy,
financial, clinical, or memory. Misidentified nonadherence
was defined as PDC < 80%, and an understandable reason
for gaps in therapy were identified. We identified four rea-
sons for misidentified nonadherence: clinically appropri-
ate medication holds, external pharmacy fills, samples, or
medication discontinuation. Misidentified nonadherence
accounted for 40% of patients with PDC < 80%. These
results motivated us to further explore challenges to medi-
cation adherence from the perspective of both patients and
pharmacists.

2.8 Pharmacist Focus Group
We hosted a focus group of six clinic pharmacists (represent-

ing dermatology, pediatrics, multiple sclerosis, hematology,
and rheumatology clinics) and three research pharmacists

Randomization

8-month primary
outcome analysis period

Legend
M inclusion criteria

B Baseline characteristics

! Results analysis

bility and 8 months for baseline analysis, and once at the end of the
8-month study. Dark blue lines represent inclusion criteria. The green
line represents baseline adherence analysis. The yellow line repre-
sents the primary outcome analysis
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to better understand real-world reasons for and actions to
address nonadherence among specialty patients. We pre-
sented our preliminary data and discussed perceived rea-
sons for nonadherence among our population. Input from
this group reinforced the previously developed categories
of reasons for nonadherence and contributed to the list of
categories of interventions used in this study (Table 1). From
these discussions, we developed a working protocol for the
intervention pharmacist to follow when true nonadherence
is identified.

2.9 Patient and Public Involvement

To understand reasons for nonadherence from the patient
perspective, we hosted a focus group of six adult patients
from VUMC recruited through ResearchMatch, a platform
for engaging community members [16]. Two strategies
were used to guide our discussion: (1) summaries of previ-
ous community engagement groups were reviewed to iden-
tify previously reported barriers to medication adherence,
and (2) a literature review was conducted for completeness
and to provide a framework for discussion [23, 24]. Six
members of the community participated and were compen-
sated. Though we were unable to recruit patients receiving
specialty medications for the focus group, all focus group
participants were receiving prescription medication and
voiced previous adherence challenges. Attendees were
given a brief description of the project then asked a series
of questions to gather feedback on reasons for nonadher-
ence, study design, and proposed interventions. The ques-
tions and responses from this meeting can be found in the
electronic supplementary material (ESM). A summary of
the group’s recommendations and how they were used can
be found in Table 2.

Table 2 Utilization of patient recommendations in study design

2.9.1 Control (Usual Care) Group

Most VSP pharmacists are physically embedded in clinics
where they manage the selection, acquisition, and moni-
toring of specialty therapies [25]. They use clinic-specific
protocols outlining disease state and therapeutic goals, clini-
cal management guidelines, patient support services, and
patient monitoring methods and frequency. Patient treat-
ment response, adverse effects, healthcare utilization, and
adherence behaviors are evaluated using refill questionnaires
(typically performed monthly) and pharmacist assessments
(frequency based on clinic protocols). Additional patient
monitoring services and frequency are dependent on clinic
protocols detailing longitudinal safety and effectiveness
monitoring plans.

2.9.2 Intervention Group

Patients randomized to the intervention arm receive the
usual care described plus adherence interventions performed
remotely by an intervention pharmacist. Interventions are
referred to as patient tailored because the intervention deliv-
ered is determined based on the patient’s specific reason(s)
for nonadherence. Clinic pharmacists are consulted as
needed to maximize the effectiveness of interventions and
maintain continuity of care for the patient. When appropri-
ate, a progress note is documented in the patient’s electronic
health record listing the study inclusion PDC and barriers
to adherence (if known) to allow other members of the
healthcare team (anyone with access to the electronic health
record) to intervene and provide accountability. Any inter-
vention from the healthcare team that may be provided from
the intervention pharmacist’s note is considered an extension
of the pharmacist intervention given the direct correlation.

Category Specific recommendation

Results of recommendation

Pharmacists’

Increase overall accessibility to the pharmacist and patient

FAQ for each medication that includes sections regarding the
importance of the medication, the consequences of missed

communica-  understanding of how to connect to the pharmacist
tions Provide patients with verbal/written information in plain lan-
guage that details why certain medications are important and
the consequences of not taking them as prescribed
Be proactive and address issues each time medication changes
Strategies Create a series of YouTube videos that addresses basic miscon-
to address ceptions of medications, provides ideas on how to remember
adherence to take medications, and gives information on navigating
barriers insurance or how to get best price
Create simple hand-outs that address FAQs: take with food/
water? Who to call with questions? etc.
Messaging Do not use term “nonadherent.” Consider “challenges with tak-

ing medications regularly”

doses, and a section with the clinic pharmacist’s name and
direct phone number

We created a plain language FAQ for most medications that
addressed how to take them and who to contact with ques-
tions

We created a call script for obtaining a baseline adherence
assessment

FAQ frequently asked questions
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The intervention pharmacist contacts patients in the
intervention group by phone and uses a semistructured
script for a baseline assessment of potential causes for
medication nonadherence. Information from this assess-
ment is used to create patient-specific intervention(s)
based on the determined reason(s) for nonadherence. For
example, if a patient is nonadherent because of lack of
memory and because they are unclear on what benefit the
mediation provides, the pharmacist may provide instruc-
tions for setting up reminders on their smartphone and
counsel on the benefits and risks of the medication. See
Table 1 for a complete list of possible interventions. The
intervening pharmacist will consider the patient’s nonad-
herence rate and the patient’s response to the intervention
and decide when follow-up is appropriate. Follow-up calls
will be combined with refill calls when possible and will
be used to gauge the effectiveness of the intervention. If
the pharmacist can provide a specific intervention based
on patient responses, this is done during the call. Some
barriers to adherence require investigation and follow-up
with an additional call or email. The timing of the baseline
assessment, the choice of intervention, and all follow-up is
at the intervention pharmacist’s discretion. If a patient is
unreachable by phone, the intervention pharmacist com-
municates through the secure My Health at Vanderbilt
patient portal, a documented email address, or mailed let-
ters as a last resort. These communications may include
any recommendations, such as making an appointment
or updating contact information, and may also include a
baseline assessment survey. Attempts are made to reach
the patient until either the patient responds or the 8-month
follow-up date is reached. Unreachable patients will be
included in the analyses.

2.9.3 Statistical Analysis

The primary outcome is PDC calculated at 8 months
post-enrollment. As the distribution of PDC measures are
typically skewed, an ordinal regression analysis will be
performed to determine whether there is a difference in
8-month PDC between patients in the intervention arm
versus the control arm, controlling for the following:
8-month PDC at the baseline, age, sex, race/ethnicity,
insurance type, drug administration route, My Health at
Vanderbilt enrollment status, time on therapy, distance
from Vanderbilt (based on patient address), historical
clinic nonadherence risk, and clinic type (i.e., rheuma-
tology, endocrinology, etc.) as a surrogate for specialty
conditions. The historical nonadherence risk for each
clinic can be found in the ESM and will be used to adjust
for varying nonadherence risk between disease states. In
addition to the covariates selected a priori, inclusion of
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interactions as well as nonlinear relationship between the
outcome and continuous covariates in the model will be
also considered based on exploratory analysis. We will
use an intention-to-treat analysis. Descriptive statistics
will be used to describe our patient cohort and reasons for
nonadherence by clinic.

We will report the rates of and reasons for misidenti-
fied nonadherence to assess the utility of quantifying data
that are unavailable when utilizing pharmacy claims cal-
culations alone. Hospitalizations between the interven-
tion and usual care arms will be reported at the end of the
study period. Though our study is not primarily designed
to test the difference in this outcome between the arms,
we anticipate an increase in adherence will result in a
decrease in hospitalizations. In addition to our primary
outcome, we will calculate PDC post enrollment at 6 and
12 months to evaluate the short-term effect of interven-
tions and durability of intervention impact after they have
ceased, respectively. We recognize that PDC is limited in
measuring short-term adherence. Capturing PDC at three
separate time intervals will demonstrate a time trend on
the intervention effects on adherence. We do not anticipate
any missing PDC data and < 5% of covariates, which will
be imputed using predictive mean matching. However, we
do expect 10% attrition because of death, treatment dis-
continuation, or transfer of care prior to 4 months post
enrollment.

2.9.4 Sample Size Considerations

We calculated the sample size and power based on the
preliminary data for raw PDC from patients who were
nonadherent (61.5 +15.3%). Assuming a 5% difference in
PDC between the intervention and control arms would be
meaningful, we will enroll 438 patients (219 per arm),
which provides 90% power to detect the difference at a
type I error rate of 0.05, after accounting for 10% attrition
rate. This sample size also allows sufficient precision in
estimating the 95% confidence interval for the mean dif-
ference between the two arms such that the difference in
mean raw PDC between the two arms could be estimated
within 3% precision.

2.9.5 Learning Healthcare Partnership

This project was informed and supported by the Vanderbilt
Institute for Clinical and Translational Research (VICTR)
Learning Healthcare System. This platform partners clinical
research and clinical operations to embed research ques-
tions within the context of routine care delivery. Consulta-
tion with clinical trialists, implementation scientists, and
biostatisticians informed the design of this pragmatic trial.
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3 Discussion

This prospective, randomized controlled study is designed
to fill an existing gap in the literature to identify and address
nonadherence to specialty medications. Patient and pharmacist
input on the study design and planned interventions provide
unique perspectives to the field even prior to study initiation.
Preliminary work and a pilot study have affirmed the impor-
tance and utility of this study on garnering needed insights
into improving the care delivery model for specialty patients.

3.1 Pragmatic Trial Design

The pragmatic nature of the trial enables delivery of high-
touch standard of care to patients at VSP while performing
a high-quality clinical trial. Enrolling a study population
from several specialty clinics with limited exclusions sup-
ports generalizability towards improving adherence at other
health system specialty pharmacies. Also, the intervention is
customized to the patient as several study elements are left
to the discretion of the pharmacist, including determining
reasons for nonadherence, frequency of follow-up, and coor-
dination of care with the clinic. The study protocol outlining
potential reasons for nonadherence and subsequent interven-
tions will allow others to replicate our approach.

3.2 Study Limitations

Though a blinded study design would be ideal, the clinic
pharmacists and technicians providing usual care could not be
blinded to the intervention. Patients remain unaware of their
assignment, and randomization is masked until enrollment.
The patient’s medical record does not contain any indicator of
assignment. However, clinic pharmacists and other healthcare
providers could become unblinded and able to identify patients
randomized to the intervention group because adherence inter-
ventions can be documented in patient charts and pharmacy
software, and the pharmacist providing the intervention may
contact clinic pharmacists for assistance. However, there is no
potential for a clinic pharmacist or other healthcare provider to
identify control group patients as the intervention pharmacist
does not make note of control group assignment in the patient’s
record, nor do they contact clinic pharmacists concerning these
patients, minimizing the risk for bias in this group. All phar-
macists are aware of the study’s existence and were asked not
to alter their usual workflow or interventions, but we cannot
rule out that this occurred.

Prior to randomization, each patients’ electronic health
records are reviewed to determine whether nonadherence
has been misidentified by pharmacy claims. Given that not
all possible reasons for nonadherence can be found in record
review and the possibility that reasons are overlooked, some

patients are erroneously enrolled in the study with the pre-
sumption of true nonadherence. Though these instances are
not identifiable in the control arm, they will likely be identi-
fied in the intervention arm where a baseline assessment is
utilized to identify reasons for nonadherence. We are not
excluding patients based on such findings to prevent bias
and to maintain the integrity of randomization.

This study targets patients established on specialty medica-
tions. Proactively identifying and addressing potential adher-
ence barriers at the initiation of medication would be ideal
to prevent future nonadherence. We hope to use learnings
from this study, namely a better understanding of barriers and
impact of various interventions, to inform future study designs
targeted to patients starting specialty therapies. Additionally, if
study results are positive, future research could utilize various
implementation science methods to assess the process and out-
comes of implementing the intervention into normal practice.

Our study is limited to the impact of a pharmacist on
patients’ adherence to their specialty medications. In our
embedded pharmacist model, most of our pharmacists work
alongside the prescribers in their clinic and are often used by
the prescriber to address medication-related issues. Despite
this, we acknowledge that the prescriber plays an important
role in identifying and addressing medication nonadherence.
Our study does not address the role of the prescriber in our
methods and cannot account for the impact of nonpharmacist
providers on medication adherence.

3.3 Anticipated Learnings

Upon completion, this trial will answer the question of
whether providing a complex, patient-tailored adherence
intervention increases adherence to specialty medications.
Additional questions that this study will inform include the
following: How often are specialty patients misidentified as
nonadherent when utilizing pharmacy claims alone? What
are the reasons patients may be misidentified as nonadherent
based on pharmacy claims? What are the reasons for true
nonadherence in a variety of specialty disease states?

Given the growing evidence that reasons for nonadher-
ence are multifactorial, this trial will evaluate the effective-
ness of adherence interventions tailored to patient-specific
reasons for nonadherence [3, 23, 26]. If the intervention is
effective, specialty pharmacies may consider providing a
focused adherence service similar to that which we describe.
The descriptive analysis of rate of and reasons for misidenti-
fied nonadherence will inform a more accurate understand-
ing of the shortcomings of calculating adherence based on
pharmacy claims alone.
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