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Background: Previous literature has illustrated a wide range of primary medication nonadherence (PMN) rates
due to inconsistent calculation methods and parameters, but the impact of parameter specifications on PMN rates
has not been assessed.
Objectives: The objective of this study was to evaluate the impact of lookback window (LBW), duplicate window
(DW), and fill window (FW) specifications on PMN rates in patients prescribed specialty self-administered
oncology medications.
Methods: This was a single-center, retrospective cohort analysis. Patients receiving a new electronic specialty
oncology prescription January–December 2018 were included; excluded if re-routed to an external pharmacy
within 2 days, fell within a DW, or cancelled within a FW. Twenty-four methods were used to calculate PMN
based on combinations of the following parameters: (i) absence of prior specialty self-administered oncology
medication fill within LBW (90, 180 days); (ii) absence of a duplicate prescription within DW (2, 7, 30 days); and
(iii) sold status within FW (14, 30, 60, 90 days). For each method, PMN was calculated as the number of unsold
prescriptions within the FW divided by all eligible prescriptions.
Results: We evaluated 4,482 prescriptions, resulting in PMN ranging from 16% to 23%. Patients were commonly
male (53%) and white (83%), with a median age of 64 years (interquartile range, IQR, 54, 72). Increasing the
LBW from 90 to 180 days resulted in exclusion of 72 (2%) prescriptions and minimally impacted PMN rates. Most
duplicate prescriptions (87%) occurred within two days of original prescription and PMN rates were minimally
affected by DW. Most fulfilled prescriptions were filled within FW 30 days, 98% with a method of LBW 180, DW
2, and FW 30. Adjusting the FW consistently impacted PMN rates.
Conclusions: Because various PMN definitions can significantly impact results, a thorough explanation of all
parameter specifications should be reported in research using PMN.

Introduction
Adherence to prescribed medications is necessary to achieve benefits
of therapy. Medication non-adherence increases healthcare costs and
leads to worse patient outcomes in patients with chronic conditions.1–4
Adherence begins with procuring the prescribed medication from a
pharmacy. Primary medication nonadherence (PMN) occurs when a
new medication is prescribed, but the patient does not procure it (or an
appropriate alternative) within an acceptable timeframe.5 Recently,
there has been an increase in research evaluating PMN, likely catalyzed

by the improved ability to better track prescription data through elec
tronic prescribing.5,6 PMN is distinct from secondary nonadherence,
defined as the rate at which a medication is refilled after an initial
prescription fill,5 and prescription abandonment, defined as the rate a
new or refill prescription is filled by a pharmacy but not claimed by the
patient.5 Barriers to prescription fulfillment are often amplified in pa
tients prescribed specialty medications because of complex insurance
authorization processes and treatment affordability concerns.7 Under
standing PMN would offer unique insights regarding barriers patients
face when obtaining a new specialty prescription.
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Rates of PMN range from 0.5% to 75% in previous literature5,8 and
methods for calculating PMN differ greatly.5,6,8,9 Study designs vary by
drug and/or disease state of interest, data source (administrative claims,
patient-reported, pharmacist-reported), sample size, and specifics of the
PMN calculation. Electronic prescribing allows for better use of
administrative claims data, and a growing number of studies explore the
association between an electronic prescription (e-prescription) and a
pharmacy claim or lack thereof. PMN calculations using administrative
claims data vary in specification of a lookback window (LBW, minimum
time period required to define a “new” prescription), duplicate window
(DW, duration of time to define a “duplicate” prescription), fill window
(FW, duration of time to identify a “fill event”), and therapeutic equiv
alence or appropriate alternative. Definitions for LBW, DW, and FW are
listed in Table 1. To the best of our knowledge, the impact of these
calculation specifications has not been described. Though recent efforts
by the Pharmacy Quality Alliance (PQA) to standardize the PMN
calculation provide guidance for a subset of chronic conditions,5 vari
ability in PMN calculation remains. Moreover, interpreting historical
PMN rates without understanding how differences in calculation
methods can impact these rates is challenging.
The primary objective of this study was to evaluate the impact of
LBW, DW, and FW specifications on PMN rates for patients with spe
cialty self-administered oncology prescriptions sent to an integrated
specialty pharmacy for fulfillment. Measuring the impact of the varying
specifications is needed to better interpret historical PMN results and
derive a calculation that accurately identifies patients at risk for or
experiencing PMN to specialty medications.

prescription to an external specialty pharmacy if required by the
manufacturer or payer or requested by the patient.
For a prescription to be PMN-eligible, the patient must not have filled
the medication or a therapeutic equivalent previously. However, due to
the limitations of the electronic health record (EHR), the full medical
history of a patient may not be available or appropriate to assess.
Therefore, to consistently determine PMN-eligibility, we defined a ‘new’
prescription as the absence of a prior filled prescriptions for the medi
cation within a specified LBW. We adjusted the length of the LBW as a
means of varying the subset of prescriptions eligible for PMN. Pre
scriptions were not considered PMN-eligible if they were re-routed to an
external pharmacy within two days of issuance, were sent within a
specified DW, or were cancelled within a specified FW. Prescriptions
may be cancelled (i.e., made no longer a valid or fillable prescription) by
the pharmacist at a patient’s or provider’s request. Table 1 further de
fines LBW, DW, and FW as well as PMN-eligible prescription. This study
was approved by the Vanderbilt University Institutional Review Board.
Data collection
Prescribing data were collected from the EHR and compared with the
health-system’s specialty pharmacy dispensing database. Because
medication names may appear differently between these systems and
the prescribing and dispensing systems do not otherwise share a reliable
common medication terminology, we developed a list of potential
medication names as they may appear in the EHR and dispensing
database to create mapping between the two. Prescriptions were crossreferenced with prescriber specialty and excluded if there was a
reasonable assumption the prescription was for a non-oncology condi
tion (such as everolimus for transplant patients). For each eligible pre
scription, we collected patient age and gender, medication name and
therapeutic class, and prescription date from the EHR; prescription
outcome (cancelled, filled, not filled) and sold date (if applicable) were
collected from the pharmacy claims database.

Methods
This was a single-center, retrospective cohort analysis of patients
with an electronic prescription for a new specialty self-administered
oncology medication sent from Vanderbilt University Ingram Cancer
Center to Vanderbilt Specialty Pharmacy between January and
December 2018. As no clear definition of a specialty medication exists,
specialty pharmacists created a list of self-administered oncology med
ications based on cost and difficulty to access outside of a specialty
pharmacy setting, similar to previous studies10 (Appendix A). The
health-system integrated specialty pharmacy receives most of the spe
cialty oral oncology medication prescriptions prescribed within the
institution, completes the financial assistance process to ensure medi
cation access, then either fills the medication internally or triages the

Primary medication nonadherence calculations
PMN was defined as lack of a fill event for the prescribed medication
or a therapeutic equivalent within a specified FW. The prescription was
considered filled when the prescribed medication had a completed claim
with a sold date within the FW. We defined therapeutic equivalence as
any specialty oncology medication on the developed list (Appendix A).
PMN rate was calculated by dividing the number of prescriptions that
did not have a fill event by the total number of PMN-eligible pre
scriptions sent to the internal specialty pharmacy during the study
period.
Twenty-four methods were used to calculate PMN based on combi
nations of the following parameters: (i) absence of prior selfadministered oncology medication fill within LBW (90, 180 days); (ii)
absence of a duplicate prescription within DW (2, 7, 30 days); and (iii)
prescription sold date within FW (14, 30, 60, 90 days) (Fig. 1). These
parameters were applied to prescriptions in sequential order: LBW, then
DW, then FW. A prescription was considered PMN-eligible after appli
cation of LBW, DW criteria and removal of cancelled prescriptions. For
each method, PMN rate was computed as the number of prescriptions
not dispensed within the FW (numerator) divided by all PMN-eligible
prescriptions (denominator). These parameter specifications were
selected based on literature review of previous PMN calculation
methods and clinical practice experience.

Table 1
Parameter definitions for primary medication nonadherence (PMN).
Parameter

Definition

Lookback window
(LBW)

Minimum length of time prior to the index prescription in
which a patient may revert to naïve status, and thus be
considered a “new” prescription and a potential instance of
PMN.
Determined by previous fill within the specified timeframe.

Duplicate window
(DW)

Duration of time within which two sequential prescriptions
for the same medication or therapeutic equivalent can be
considered duplicate.
Sequence of prescribed dates in a row without an intervening
dispensation, cancellation, or transfer event.

Fill window (FW)

Duration of time within which a fill event of an eligible
prescription needs to occur in order for the prescription to
not be considered a case of PMN.

PMN-eligible
prescription

No fill of any specialty self-administered oncology
medication in specified LBW.
No prescription duplication sent within two days of
prescribing event.
No prescription re-route to external specialty pharmacy
within two days of prescribing event.
No prescription cancellation within two days of prescribing
event.

Results
We evaluated 4,482 prescriptions from 1,422 unique patients. Most
patients were male (53%) and white (83%), with a median age of 64
years (interquartile range, IQR 54, 72). Common medication classes
included alkylating agents (13%), Janus associated kinase inhibitors
2
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Fig. 1. Twenty-four Specification of Parameters
for Primary Medication Nonadherence (PMN)
Calculations.
This figure describes the specifications used for
PMN calculations. Two time periods were used to
evaluate the Lookback Window (LBW), shown in
light grey: 90 and 180 days. Three time periods
were used to evaluate the Duplicate Window (DW),
shown in white with dots: 2, 7, and 30 days. Lastly,
four time periods were used to evaluate the Fill
Window (FW), shown in dark grey: 14, 30, 60, and
90 days.

(10%), and vascular endothelial growth factor inhibitors (9%). The 24
methods yielded PMN rates ranging from 16% to 23% (Fig. 2), also
visualized in Fig. 3.
Increasing the LBW from 90 to 180 days excluded an additional 72
(2%) prescriptions and had minimal impact on PMN rates. Most dupli
cate prescriptions (87%) were recorded within two days of the original
prescription date, while only 4% of duplicate prescriptions were
received after 30 days. PMN rates were slightly affected by DW. Using
LBW 180 days and FW 30 days, PMN rates were 20%, 18%, and 16% at
DW 2, 7, and 30, respectively.
Few prescriptions were cancelled within any FW: 6 prescriptions
using LBW 90 days and 4 using LBW 180 days. Most prescriptions with a
fill were filled within 30 days, for example 99% with a method of LBW
180, DW 2 (Fig. 3). Adjusting the FW consistently impacted PMN rates,
with the largest difference occurring between FW of 14 vs. 30 days.
Holding LBW at 180 and DW at 2 days, rates of PMN were 23%, 20%,
19%, and 19% with FW 14, 30, 60, and 90 days, respectively. Using the
PQA-endorsed PMN calculation (i.e., LBW 180, DW 30, and FW 30)
resulted in the lowest rate of PMN among all 24 methods (16%).
Reducing the FW to 14 days produced the highest rate of PMN (23%) for
both LBW 90 and 180 with a DW of 2 days.

Discussion
Our study demonstrates that PMN rates differ greatly depending on
the parameter specifications used in the calculation. As there is sub
stantial variability in how PMN is defined in literature, our study find
ings warrant caution when interpreting the results. Our major findings
suggest that lower PMN rates are observed with longer DW and FW
windows, while adjusting the LBW has minimal influence. Researchers
can infer that studies using a longer DW and/or FW windows are likely
to have lower PMN rates, allowing for better comparison and evaluation
amongst studies assessing PMN. Efforts to standardize PMN methodol
ogy for certain chronic medications have helped advance research with a
more consistent definition of PMN.5,6,9 However, to our knowledge, this
is the first study to systemically evaluate the impact of varying param
eter specifications on PMN rates.
Prescription procurement is the first step to medication adherence
and is essential to achieve therapeutic benefit. The growing number of
novel specialty medications provide an opportunity for patients with
complex diseases to improve their quality of life and in some cases cure
their disease.11–13 However, barriers to medication access are pervasive
and multifaceted within this high-cost area of pharmacy.7,14 Results of
this study are helpful to better understand PMN calculation parameters
as more research on rates and reasons for PMN within specialty phar
macy is expected to be performed.
Fig. 2. Primary Medication Nonadherence (PMN)
Results by Specification of Parameters.
Results of the 24 methods are shown. Specifications
were applied in a stepwise fashion: lookback window
(LBW), duplicate window (DW), then fill window
(FW). The number of prescriptions considered eligible
for PMN after applying LBW and DW is shown prior to
the PMN rate by FW. The time period for each spec
ification is noted within the cell, with days increasing
as you move down (LBW, DW) or to the right (FW).
Rates of PMN are shown after applying LBW, DW, and
FW specifications.
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for duplicate prescriptions and shortening the DW may falsely elevate
PMN rates. However, lengthening the DW might be appropriate for
prescriptions written in specialty diseases that have significant access
barriers as pharmacy staff may try to obtain insurance approval for
greater than 30 days, necessitating medication changes and potential
duplicate prescriptions sent more than 30 days after the original
prescription.
Fill window (FW)
Our study suggests that adjusting the FW has the greatest impact on
PMN rates regardless of LBW and DW specifications. Fig. 3 illustrates the
measurable difference in PMN rates when increasing the FW from 14 to
30 days; however, this difference mostly leveled off between 30 and 90
days (Fig. 4). Almost all filled prescriptions had a fill event within the
PQA-endorsed criteria of 30 days, which seems appropriate for most
therapeutic classes. A FW shorter than 30 days may be appropriate for
assessing PMN post-discharge,19 but is unlikely to provide an accurate
reflection of patient behavior for chronic medications. Several studies
have used FW up to one year from the date of prescription.20–23
Extending the FW to this degree calls into question the ongoing appro
priateness and utility of the original prescription.

Fig. 3. Lookback, Duplicate and Fill Window Parameter Effects on Pri
mary Medication Nonadherence (PMN) Rates.
Effects of the 24 PMN methods are graphically depicted. PMN rate is repre
sented on the y-axis and FW on the x-axis. Minimal differences in PMN rates
were seen when adjusting the LBW from 90 (represented by a solid line) to 180
days (represented by a dotted line). Increasing the DW led to overall lower rates
of PMN with a DW of 2 days (black) having the highest rate of PMN, followed
by 7 days (dark grey) and 30 days (light grey). Expanding the FW also reduced
PMN rates, most notably between 14 and 30 days.

Therapeutic equivalence and alternative prescriptions
In PMN calculation methodology, it is important to define and
include ‘therapeutic equivalence’ or appropriate alternative medica
tions. This term is used to identify a different prescription written for the
same indication and therefore an appropriate substitute for the original
prescription in the LBW, DW, or FW. When applied to the LBW,
including appropriate substitutions helps to identify ‘new’ prescriptions
as described above. Including appropriate substitutions in the DW and
FW accounts for intentional changes to the original prescription due to
factors such as insurer requirements, new clinical information, or pa
tient/provider decision.
We defined therapeutic equivalence as any specialty oncology
medication since prescription substitution is rare within oncology.
Several previous studies using PMN omit the description of therapeutic
equivalence. Where described, therapeutic equivalence is commonly a

Lookback window (LBW)
The LBW is used to assess whether a prescription may be considered
a new start. The newness of a prescription is an important aspect of PMN
methodology that distinguishes it from prescription abandonment,
which may refer to either a new or refill prescription. The LBW allows
researchers to analyze only those patients who are prescribed a certain
medication for the first time, when patients most commonly experience
issues with accessing medications due to insurance approval re
quirements, affordability, or even identifying the appropriate specialty
pharmacy to fill the prescription. These potential barriers are unique to
the first prescription of a medication, emphasizing the necessity of an
LBW when calculating PMN.15 Additionally, prescription access issues
are common with specialty prescriptions because of their high cost and
often complex approval process.14
Though our results demonstrated a small difference in PMN rates
between LBW 90 and 180, increasing the LBW permitted identification
of more prescriptions that would have been inappropriately considered
‘new.’ Previous research describes LBWs ranging from 180 days5,16,17 to
two years,18 and PQA endorses a LBW of 180 days.5 Although we did not
evaluate a LBW of greater than 180 days, a longer LBW might further
improve the ability to identify a ‘new’ prescription and therefore a LBW
of 180 days or greater is preferable if prescription fill data is available.
Duplicate window (DW)
A prescription may be generated more than once due to prescriber
error, a pharmacy change, or a medication or dose change. We found
that most duplicate prescriptions were sent close to the date of the
original prescription (87% within two days). The prompt issuance of
duplicate prescriptions seen in our study may be due to integrated
specialty pharmacists quickly identifying problems with the first pre
scription, particularly if use of a different specialty pharmacy was
required, if medication dose or duration was not accurate or if a different
medication was preferred for financial or clinical reasons.
Though previous studies have used the PQA-endorsed DW of 30 days,
few have discussed the consideration or timing of a duplicate window.5,9
Based on our findings, 30 days is likely an appropriate interval to assess

Fig. 4. Time to Prescription Fill Event.
Using an LBW of 180 days and a DW of 2 days, there were 1,000 prescriptions
eligible for a primary medication nonadherence (PMN) evaluation, and of
those, 676 had a fill event occur within the span of the study period. The figure
above illustrates the impact that increasing or decreasing the length of the FW
can have on PMN rates. By 7 days, only 85.1% of known fills had occurred
(575/676 = 85.1%), and by 14 days the number increases to 93.5%. Increasing
the FW to 180 days would ensure that all known fills are classified as not being
PMN; however, when considering the rationale behind measuring PMN, there
must be some threshold after which the patient is not receiving the intended
therapeutic benefit. Here, 30 days is a good candidate as 98.8% of known fills
occurred by this time.
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medication in the same therapeutic class5,9 or a medication prescribed
for the same indication.24,25 Unlike non-specialty disease states such as
hypertension or dyslipidemia, which have dominated PMN literature,
most specialty disease states require the utilization of only one specialty
medication at any given time. Some specialty diseases with multiple
treatment options of comparable effectiveness (e.g., rheumatoid
arthritis or inflammatory bowel disease), may have a higher rate of
medication substitution between therapeutic classes from prescription
to fulfillment based on insurer formulary requirements. Therefore,
defining therapeutic equivalence as any specialty medication prescrip
tion written for the same treatment indication, rather than within a
therapeutic class, should be sufficient for assessing the LBW and DW in
specialty disease states. It may be assumed that using a broader defini
tion of therapeutic equivalence such as any specialty oncology agent
could produce lower PMN rates whereas using a narrow definition to
include only a specific therapeutic class would result in higher PMN
rates. Additionally, a broad definition of therapeutic equivalence limits
the ability to assess a patient’s ability to obtain the originally prescribed
medication. For example, if therapeutic equivalence is defined as any
specialty oncology agent, it would not be possible to assess the PMN rate
for a first-in-class medication for patients previously on specialty
oncology therapy. In this instance, and others, it may be appropriate to
narrow the definition of therapeutic equivalence.

methodology can help reduce variability and a thorough explanation of
all elements of the PMN calculation should be reported in research
involving PMN to accurately interpret findings.
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20. Thengilsdóttir G, Pottegård A, Linnet K, Halldórsson M, Almarsdóttir AB,
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