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ABSTRACT

Objective

To determine the economic impact of
medication non-adherence across multiple
disease groups.

Design
Systematic review.

Evidence review

A comprehensive literature search was
conducted in PubMed and Scopus in
September 2017. Studies quantifying the
cost of medication non-adherence in relation
to economic impact were included. Relevant
information was extracted and quality
assessed using the Drummond checklist.

Results

Seventy-nine individual studies assessing the
cost of medication non-adherence across 14
disease groups were included. Wide-scoping
cost variations were reported, with lower
levels of adherence generally associated
with higher total costs. The annual adjusted
disease-specific economic cost of non-
adherence per person ranged from $949

to $44,190 (in 2015 US$). Costs attributed
to ‘all causes’ non-adherence ranged from
$5,271 to $52,341. Medication possession
ratio was the metric most used to calculate
patient adherence, with varying cut-off
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points defining nonadherence. The main
indicators used to measure the cost of non-
adherence were total cost or total healthcare
cost (83% of studies), pharmacy costs (70%),
inpatient costs (46%), outpatient costs (50%),
emergency department visit costs (27%),
medical costs (29%) and hospitalisation
costs (18%). Drummond quality assessment
yielded 10 studies of high quality with

all studies performing partial economic
evaluations to varying extents.

Conclusion

Medication non-adherence places a
significant cost burden on healthcare
systems. Current research assessing the
economic impact of medication non-
adherence is limited and of varying quality,
failing to provide adaptable data to influence
health policy. The correlation between
increased non-adherence and higher
disease prevalence should be used to inform
policymakers to help circumvent avoidable
costs to the healthcare system. Differences
in methods make the comparison among
studies challenging and an accurate
estimation of true magnitude of the cost
impossible. Standardisation of the metric
measures used to estimate medication
non-adherence and development of a
streamlined approach to quantify costs is
required. PROSPERO registration number
CRD42015027338.
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economic evaluations.

= This is a novel attempt to use existing studies to broaden the scope of knowledge
associated with the economic impact of medication non-adherence via quantifying
the cost of medication non-adherence across different disease groups.

= Alarge comprehensive review—2,768 citations identified, 79 studies included.

» |nability to perform a meaningful meta-analysis— insufficient statistical data and
considerable heterogeneity according to outcome/indicators.

= Robust application of adapted Drummond checklist to evaluate the quality of

INTRODUCTION

Nearly half of all adults and approximately
8% of children (aged 5-17 years) worldwide
have a chronic condition.! This, together with
ageing populations, is increasing the demand
on healthcare resources.? Medications
represent a cost-effective treatment
modality,® but with estimates of 50% non-
adherence to long-term therapy for chronic
illnesses,* intentional and unintentional
medication non-adherence signifies a
prevalent and persistent healthcare problem.
Medication adherence is defined as ‘the
extent to which the patients’ behaviour
matches agreed recommendations from the
prescriber’, emphasising the importance on
the patients’ decisions and highlighting the
modifiable aspect of non-adherence.’

Given the proportion of the population who
do not adhere to their medication efforts to
improve medication adherence represents
an opportunity to enhance health outcomes
and health system efficiency. Annual
costings of medication non-adherence
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range from US$100 to US$290 billion®

in the USA, €1.25billion” in Europe and
approximately $A7billion®? in Australia.
Additionally, 10% of hospitalisations in
older adults are attributed to medication
non-adherence!®!! with the typical non-
adherent patient requiring three extra
medical visits per year, leading to $2,000
increased treatment costs per annum.?

In diabetes, the estimated costs savings
associated with improving medication non-
adherence range from $661 million to $1.16
billion.*®* Non-adherence is thus a critical
clinical and economic problem.*

Healthcare reformers and payers have
repeatedly relied on cost-effectiveness
analysis to help healthcare systems deal with
the rising costs of care.’* However, there is
still a budgetary problem that needs to be
considered, especially given the widespread
policy debate over how to best bend the
healthcare cost curve downward?®® and the
proportion of healthcare budgets spent on
prescription medication.'® Quantifying the
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cost of medication non-adherence will help
demonstrate the causal effect between
medication non-adherence, increased
disease prevalence and healthcare resource
use. Justification of the associated financial
benefit may incentivise health policy
discussion about the value of medication
adherence and promote the adoption

of medication adherence intervention
programmes.’®

The objective of this systematic review was,
first, to determine the economic impact of
medication non-adherence across multiple
disease groups, and second, to review and
critically appraise the literature to identify
the main methodological issues that may
explain the differences among reports in the
cost calculation and classification of non-
adherence.

METHODS

The protocol for this systematic review was
registered on the PROSPERO: International
prospective register of systematic

reviews database (CRD42015027338)

and can be accessed at http:/www.crd.
york.ac.uk/PROSPERQ/ display_record.
asp?ID=CRD42015027338. The systematic
review was undertaken in accordance with
Preferred Reporting Items for Systematic
Reviews and Meta-Analyses (PRISMA)
guidelines.'”

Search strategy and selection criteria

A literature search was conducted in
September 2017. Studies reporting the
cost of medication non-adherence for any
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disease state were included. Searches were
conducted in PubMed and Scopus. Neither
publication date nor language restriction
filters were used. The search used in
PubMed was: (non-adherence [TIAB]) OR
(‘Patient Compliance’ [MH] AND (‘Drug
Therapy’ [MH]) OR medication [TIAB])) OR
‘Medication adherence’ [MH] AND (costs
[TIAB] OR ‘Costs and Cost Analysis’ [MH]
OR burden [TIAB]). This was adapted for
other databases in online supplementary
table 1. Duplicate records were removed.

To identify relevant articles, an initial title
and abstract screening was conducted by
the lead reviewer (RLC) to identify studies
appropriate to the study question. This
process was overinclusive. In the second
phase appraisal, potentially relevant full-text
papers were read and excluded based on the
following criteria: (i) papers not reporting
the cost of medication non-adherence as

a monetary value, (ii) systematic reviews,

(iii) papers not reporting a baseline cost

of medication non-adherence prior to the
provision of an intervention and (iv) papers
not reporting original data. Any uncertainty
was discussed among two adherence experts
(RLC and VGC) and resolved via consensus.

Extracted information

A data extraction form was developed based
on the Cochrane Handbook for Systematic
Reviews®® and piloted on a sample of
included studies. The extracted information
included the source (study identification,
citation and title), eligibility (confirmation of
inclusion criteria), objective, methods (study
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design, study groups, year data extracted,
follow-up period, comparison, adherence
measure, adherence data source and
adherence definition), population (sample
size, setting, country, disease state/drug
studied, inclusion/exclusion criteria and
perspective), impact/outcome indicators
(indicators measured, indicator data source,
indicator definitions and characteristics of
the method of assessment), results (costs
reported, standardised costs, type of costs,
non-cost findings, subgroup analysis and
statistical significance), conclusions and
miscellaneous (funding source, references
to other relevant studies, limitations and
reviewers' comments).

Costs were defined as any indicator
associated with medication non-adherence
that was quantified with a monetary value
in the original study. This included direct
costs (those costs borne by the healthcare
system, community and patients’ families in
addressing the illness), indirect costs (mainly
productivity losses to society caused by the
health problem or disease) and avoidable
costs (those costs incurred for patients
suffering complications, resulting from
suboptimal medicines use, and patients
with the same disease who experienced

no complications). The indicators were
grouped for analysis based on the original
studies’ classification of the cost. All costs
were converted to US$ (2015 values)

using the Cochrane Economics Methods
Group—Evidence for Policy and Practice
Information and Coordinating—Centre
Cost Converter tool,’ allowing meaningful
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comparisons between non-adherence cost
data. This online tool uses a two-stage
computation process to adjust estimates of
costs for currency and/or price year using

a Gross Domestic Product deflator index

and Purchasing Power Parities (PPP) for
Gross Domestic Product.?” The PPP values
given by the International Monetary Fund
were chosen. If details of the original price
year could not be ascertained from a study,
the midpoint year of the study period was
used for calculations. The mean cost was
calculated and reported where studies
separated out costs for different confounding
factors within the one outcome measure in a
disease state. Annual costs were extrapolated
from the original study data if results were
not presented in this manner.

The definition of medication non-adherence
was derived from the included studies, with
non-adherence referring to differing degrees
of adherence based on the studies metric

of estimation. Multiple non-adherence

costs from individual studies may have been
included where further subclassification

of non-adherence levels was defined. The
analysis assessed non-adherence costs within
disease groups, with disease group and

cost classification derived from the study.
Total healthcare costs included direct costs
to the healthcare system while total costs
incorporated direct and indirect costs.

Quality criteria and economic evaluation
classification

Economic evaluation requires a comparison
of two or more alternative courses of
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action, while considering both the inputs
and outputs associated with each.?° All
studies were classified in accordance with
Drummond’s distinguishing characteristics
of healthcare evaluations as either partial
evaluations (outcome description, cost
description, cost-outcome description,
efficacy or effectiveness evaluation, cost
analysis) or full economic evaluations (cost-
benefit analysis, cost-utility analysis, cost-
effectiveness analysis, cost minimisation
analysis) by team consensus (RLC and VGC).

The Drummond checklist?! for economic
evaluation was used to assess the quality of
studies. The original checklist was modified
to remove inapplicable items (4, 5, 12,

14, 15, 30 and 31) as no full economic
evaluation met all inclusion criteria. A score
of 1 was assigned if the study included

the required item and O if it did not with a
maximum potential score of 28. The study
was classified as high quality if at least
75% of Drummond’s criteria were satisfied,
medium quality if 51%-74% were satisfied
and low quality if 50% of the criteria or less
were satisfied.

Meta-analysis

Outcome/indicator costs were
independently extracted using predesigned
data extraction forms (total healthcare costs,
total costs, inpatient costs, outpatient costs,
pharmacy costs, medical costs, emergency
department costs and hospitalisation costs)
for the purpose of integrating the findings
on the cost of medication non-adherence to

pool data and increase the power of analysis.
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RESULTS

Study selection

Search strategies retrieved 2,768 potential
articles after duplicates were removed.

Two hundred and eighty-nine articles were
selected for full-text review. Seventy-

nine studies were included in the review
(FIGURE 1). Numerous other papers do
discuss non-adherence costs; however,
they addressed tangential issues or did not
present primary relevant data. Many studies
failed to report the monetary value of
medication non-adherence associated with a
range of cost estimate indicators.

Characteristics of individual studies
Sixty-six studies (83%) were conducted in
the USA,1922-8> four in Europe,®5-®? four in
Asia,?’®?3 three in Canada,’*?¢ one in the
UK®” and one across multiple countries
throughout Europe and the UK.?® Publication
years ranged from 1997 to 2017; in
accordance with the Cochrane Handbook for
Systematic Reviews, no date restriction filters
were used!® with earlier studies following
the same pattern of association between
medication non-adherence and increasing
healthcare costs. Individual studies reported
a large variety of costs, calculated by varying
means. In total, 44 studies (56%) reported

unadjusted costs 22,26,27,30,32-36,38-42,45,47-49,51-55,57,

62-67,71,74,80-82,85,87-89,91-93,98 21 (26%) adjusted
costs 10,23,25,29,31,43,50,56,58-60,70,72,75-77,83,84,86,90

’
11 a combination of adjusted and
unadjusted 28,37,44,46,61,68,69,73,78,79,96 2 unadjusted

b

and predicted?*?> and 1 predicted costs.””
The method of determining non-adherence
ranged significantly between studies with
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majority of papers using pharmacy and/or
healthcare claims data (97%).1022-29,31-51,54,56,58-
8791-96 Some studies used a combination of
surveys or questionnaires, observational
assessment, previous study data and disease
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state-specific recommended guidelines.
Medication possession ratio (MPR) was
the most used method to calculate patient
non-adherence with 51 studies (63%)
reporting non-adherence based on this

FIGURE 1: Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
flow diagram. The PRISMA diagram details the search and selection process applied during
the overview. The search yielded a total of 2,768 citations. Studies were selected based on

the inclusion criteria; studies reporting the cost of medication non-adherence using original
cost data. Intervention studies were required to report baseline data. Seventy-nine original
studies met the inclusion criteria.

Pubmed Scopus Manual Search
n=2735 n=174 n=27
| | ]

v

Records after duplicates re-
moved
n=2768

!

Records screened by title/ ab- Records excluded
stract q n=2479
Full text articles assessed for Full text articles excluded
eligibility — n=210
n=289 Cost not reported (n = 145)
Systematic review (n = 51)
Mo baseline costs prior to in-
tervention (n=7)
Mon-original data (n = 6)
{Papers may have been excluded
v due to more than one criterion)

Studies included in systematic
review
n=79
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measu re13,24,25,28,29,32—36,40—43,45,46,48—50,54,56,57,59—63,

66—77,80,81,85—87,91—96; however’ the Cut_oﬁ
points to define medication non-adherence
differed with some studies classifying non-
adherence as <80% medication possession
and others through subclassification of
percentage ranges (e.g., 0%-20%, 20%-
40%, 40%-60%, 60%-80%, 80%-100%).
The proportion of days covered (PDC)

was the next most common measure of
non_ad herence (1 1%),31,37,44,47,51,78,79,82—84
with all other studies using an array of
measures including self-report,”” urine
testing,>> observational assessment,”® time
to discontinuation,>® cumulative possession
ratio,?® disease-specific medication
management guidelines,®># Morisky four-
item scale,>? medication gaps,*® prescription
refill rates???” and medication supplies.’® The
main characteristics of the included studies
are summarised in online supplementary
table 2.

Quality assessment and classification of
economic evaluations

The quality assessment of economic
evaluations yielded 10 studies

Of high,13,33,37,49,50,56,70,74,86,92 59 Of
medium10,22—26,28—32,34—36,38—47,52,55,57,58,60—63,65,66,68,

69,71,72,75-81,83-85,87,88,90,93-98 and 10 of IOW

qua|ity.27,48,59,64,67,73,82,89,91 Scores ranged

from 26.1% to 87.5% (mean 62.63%). Only
one study identified the form of economic
evaluation used and justified it in relation to
the questions that were being addressed.”®
The item ‘the choice of discount rate is
stated and justified’ was applicable only

to studies covering a time period of >1
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year; all studies that cover >1 year failed

to identify or explain why costs had not
been discounted. Details of the analysis and
interpretation of results were lacking in the
majority of studies resulting in medium-
quality or low-quality scores.

Through use of Drummond’s distinguishing
characteristics of healthcare evaluations
criteria,? it is apparent that no full
economic evaluation was conducted in

any of the included studies. All studies
performed partial economic evaluations

of varying extents. The classification of
economic evaluations resulted in 59 cost
description studies (74% of those included),
15 cost-outcome descriptions and 5 cost
analysis studies (online supplementary
table 2).

Medication non-adherence and costs

The cost analysis of studies (FIGURES 2
AND 3) reported annual medication
non-adherence costs incurred by the
patient per year. The adjusted total cost
of non-adherence across all disease
groups ranged from $949 to $52,341,
while the unadjusted total cost ranged
from $669 to $162,699. FIGURES 2 AND 3
highlight the minimum, maximum and
interquartile range (IQR) of annual costs
incurred by patients across disease
groups where three or more studies

were included for review. All-cause costs
encompass non-adherence costs incurred
in mixed disease state studies, taking into
account other confounding factors such
as comorbidities.
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Many different indicators were used to
estimate medication non-adherence

costs with no clear definition of what was
incorporated in each cost component. The
composition of included costs to estimate
total cost or total healthcare cost varied
significantly between studies, thus indicators
were grouped for analysis based on the
original studies’ classification of the cost. The
main ones were total cost or total healthcare
cost (83%), pharmacy costs (70%), outpatient
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costs (50%), inpatient costs (46%), medical
costs (29%), emergency department costs
(27%) and hospitalisation costs (18%) (online
supplementary table 2). Avoidable costs (e.g.,
unnecessary hospitalisations, physician office
visits and healthcare resource use) were not
well defined with majority of studies failing
to quantify these costs.

Lower levels of adherence across all
measures (e.g., MPR, PDC) were generally

FIGURE 2: Annual adjusted medication non-adherence costs per patient per year.
Encompasses the minimum, maximum and IQR of adjusted annual costs incurred by patients
across disease groups where three or more studies were included for review. Gastrointestinal

only included three studies limiting the range
adherence costs incurred in mixed disease state studies, taking into account other
confounding factors such as comorbidities.

of costs. All-cause costs encompass non-

Adjusted Medication Nonadherence Costs

55000 -
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associated with higher total costs. From
those that reported total or total healthcare
costs, 39 studies (49%) reported non-
adherence costs to be greater than

ad herence COSts24,25,27,29,31,32,34,37—39,41,42,46,48,49,
54,55,57,60-64,69-77,83,85,86,95-98 and 11 StUdieS (15%)
reported non-adherence costs to be less

Dosing Reminders
and Adherence
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than adherence COStS.23’26’36’43’58’62’65'80’91’93’94
Four reported fluctuating findings

based on varying non-adherence cost
subcategories,®3#7%¢92 and two studies
reported conflicting findings between
adjusted and unadjusted costs.”®”? Higher
all-cause total non-adherence costs and

FIGURE 3: Annual unadjusted medication non-adherence costs per patient per year.
Encompasses the minimum, maximum and IQR of unadjusted annual costs incurred by
patients across disease groups where three or more studies were included for review.

Epilepsy and addiction only included three studies limiting the range of costs. All-cause costs
encompass nonadherence costs incurred in mixed disease state studies, taking into account
other confounding factors such as comorbidities.

Unadjusted Medication Nonadherence Costs

160000 - '|'

2015 $USD
w
8
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lower disease group-specific non-adherence
costs were reported in four studies, 678490
whereas Hansen et al.* reported all-cause
total non-adherence costs to be lower
($18,540 vs $52,302) but disease group-
specific non-adherence total costs to be
higher ($3,879 vs $2,954). The association
between non-adherence and cost was
determined through use of a variety of
scaling systems. The most used methods
were MPR and PDC. These measures could
then further be subcategorised based on the
percentage of adherence/non-adherence.
The 80%-100% category was classified as
the most adherent group across both scales,
with the most common definition of non-
adherence being <80% MPR or PDC.

Cost of medication non-adherence via
disease group

Cancer exhibited more than double the
cost variation of all other disease groups
($114,101). Osteoporosis ($43,240 vs
$42,734), diabetes mellitus ($7,077 vs
$6,808) and mental health ($16,110 vs
$23,408) cost variations were similar
between adjusted and unadjusted costs
while cardiovascular disease adjusted
costs were more than double unadjusted
costs ($16,124 vs $6,943). Inpatient costs
represented the greatest proportion of
costs contributing to total costs and/or total
healthcare costs for cardiovascular disease,
diabetes mellitus, osteoporosis, mental
health, epilepsy and Parkinson’s disease.
HIV/AIDS, cancer and gastrointestinal
disease groups’ highest proportion of
costs were attributed to pharmacy costs
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while outpatient costs were greatest in
musculoskeletal conditions. Direct costs had
greater economic bearing than indirect costs
across all disease groups. Cost comparisons
across disease groups are summarised in
online supplementary table 3.

Cardiovascular disease

Twelve studies measured the economic
impact of medication non-adherence in

ca rdiovaSCU|ar diSeaSe.10'24’31'60’61‘64’66‘75’80’92'94’95
Six studies reported adjusted costs0-2431.6061.75
with annual costs being extrapolated for
two of these.?1¢° Total healthcare costs and/
or total costs were assessed in all of the
studies with the major indicators measured
including pharmacy costs,1031:6961.75> medical
costs192431075 and outpatient costs.?*¢! The
annual economic cost of non-adherence
ranged from $3,347 to $19,472. Sokol

et al.’° evaluated the economic impact of
medication non-adherence across three
cardiovascular conditions: hypertension,
hypercholesterolaemia and chronic heart
failure. For all three cardiovascular conditions
examined, pharmacy costs were higher for
the 80%-100% adherent group than for the
less adherent groups. Total costs and medical
costs were lower for the adherent groups

of hypertension and hypercholesterolemia
patients. However, for patients with chronic
heart failure, total costs and medical costs
were lower for the 1%-19% and 20%-39%
adherent groups than for the 80%-100%
adherent groups.

Unadjusted costs were measured in six
studies with the annual total healthcare costs
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and/or total costs of non-adherence ranging
from $1433 to $8377.646680929495 Rizz0 et
al.** reported cost findings through subgroup
analysis of five conditions. For all conditions,
the total healthcare costs were higher

for non-adherent groups compared with
adherent. While Zhao et al.?° categorised
participants into adherence subgroups,
finding that total healthcare costs were
lower for the non-adherent population. The
remaining studies used five key indicators

to determine the economic impact:
inpatient costs,®*?? outpatient costs,>72
pharmacy costs,®*?47> medical costs’?> and
hospitalisation costs.?*?>

Mental health

The analyses used to report the economic
impact of medication non-adherence in
mental health varied widely. Also, 11 of 14
studies provided a total non-adherence cost
est—imate in mental hea|th,23,25,27,51,58,65,72,81,90,97,98
with annual cost data being extrapolated for
4 of these.?”9>8198 Six studies used adjusted
costs, finding that the total annual cost of
non-adherence per patient ranged from
$3,252 to $19,363.232558597290 Bagalman et
al.?®> focused primarily on the indirect costs
associated with non-adherence—short-

term disability, workers’ compensation

and paid time off costs while Robertson et
al.8! highlighted the association between
medication non-adherence and incarceration,
with findings indicating incarceration and
arrest costs are higher for worsening degrees
of non-adherence. All other studies addressed
direct costs. The main indicators used to
measure the direct economic impact of
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medication non-adherence were pharmacy
COStS 23,39,51,58,59,65,72,98 inpaﬁent COStS 39,59,65,97,98

’ ’
outpatient costs?327°86598 gnd hospitalisation
COStS.22’23’58‘98

The total unadjusted cost for medication
non-adherence ranged from $2,512 to
$25,920 as reported in four studies.>1:¢581.98
Becker et al.?’ used a subgroup analysis to
classify patients based on their adherence
level. For every 25% decrement in the rate
of adherence (75%-100%, 50%-74%,
25%-49%, <25%), non-adherence total
costs increased. The negligible adherence
group (<25%) incurred annual costs that
were $3018 more than those of the maximal
adherence group (75%-100%).

Knapp et al.?” outlined the predicted cost of
non-adherence with reference to relative
impact and other factors associated with
resource use and costs in patients with
schizophrenia. Total costs ($116,434)

were substantially higher than the other
two indicators, which were inpatient costs
($13,577) and external services costs
($3,241).

Diabetes mellitus

Eleven studies reported a cost measurement
of the impact of medication non-adherence
with reference to the health system and the
indiVidua|.13‘44’46‘50’73‘75’82’83’91’93‘96 One StUdy
estimated that the total US cost attributable
to non-adherence in diabetes was slightly
>$5 billion.>° Five studies reported the
adjusted total healthcare costs and/or total
costs with annual costs per patient ranging
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from $2,741 to $9,819.465073758396 Qne study
reported total costs in relation to subgroup
analysis based on MPR level,”® and another
reported total healthcare costs through
subgroup analysis of commercially insured
and Medicare supplemental patients.”> Curtis
et al.2 used a diabetic population to report
all-cause costs, with non-adherence costs
being higher than adherence costs across all
outcome indicators bar pharmacy costs.

A further four studies reported unadjusted
cost findings3829193 with an additional

four studies reporting unadjusted costs in
combination with adjusted values.4446.73.9¢
Unadjusted total healthcare costs and/or
total costs ranged from $1,142 to $7,951.
Extrapolated annual costs were determined
for two studies based on cost data
presented.'373

The most prominent indicators used

to determine costs were pharmacy
COStS,13‘44’46‘73’75’82‘83’96 Outpat‘ient
COStS,13‘46’75’83’93’96 inpaﬁent Costs46,75,96

and hospitalisation costs.”®?173 All studies
assessed the direct costs associated with
medication non-adherence. One study
evaluated the relationship between non-
adherence and short-term disability costs in
addition to assessing direct costs.**

Osteoporosis

The cost of medication non-adherence

in relation to osteoporosis was
predominantly examined through analysis
of the direct costs associated with non-
adherence using total healthcare costs
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and/or total costs, inpatient costs,
outpatient costs, pharmacy costs and
emergency department costs. Two studies
further assessed the economic impact

of non-adherence through evaluation of
fracture-related costs.*”#” Also, 4 out of
11 studies reported the adjusted cost of
medication non-adherence in addition to
reporting unadjusted costs.?878798¢ Three
studies further classified non-adherence
through subgroup analysis, with Briesacher
et al.?® using MPR 20% interval increases
and the two studies conducted by Zhao
et al.”®”? using PDC, with 280% classified
as high adherence, 50%-79% medium
adherence and <50% low adherence. In
the studies conducted by Zhao et al.,’®”?
total healthcare costs were highest for
the medium adherence group ($41,402
and $44,190) followed by the highest
adherence group ($37,553 and $43,863),
and lowest for the low adherence group
($34,019 and $43,771). These annual
costs were extrapolated from study data.
In contrast, Briesacher et al.?® modelled
the subgroup analyses against the lowest
adherence group (<20% MPR), finding that
costs decreased as adherence increased.

Overall, the unadjusted total healthcare
costs and/or total costs of non-adherence
ranged from $669 to $43,404. Studies

that further classified patients based on
subgroups had the wider cost ranges. In the
three studies that reported the lowest level
of non-adherence to be PDC <50%, the cost
of this category ranged from $16,938 to
$43’404.47,78,79
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One study examined only the medical costs
of non-adherence through MPR subgroup
analysis in commercial and Medicare
supplemental populations. The findings were
that, for all levels of non-adherence, costs

of non-adherence were higher for Medicare
supplemental patients.*

Respiratory disease

The majority of studies reported unadjusted
cost of medication non-adherence, with
significant variation in the method of
adherence classification.3¢:38>26388 Tyyo
studies used MPR,3¢¢% one the Morisky
four-item scale,>? one the Global Initiative
for Chronic Obstructive Lung Disease
2007 guidelines® and one a 37-day gap in
claims data.®® Joshi et al.>? reported on the
indirect costs of medication non-adherence
through consideration of losses in total
productivity costs, absenteeism costs and
presenteeism costs, while all remaining
studies examined direct costs. Delea et
al.®¢ reported a direct relationship between
decreases in medication non-adherence level
and total costs, whereas Quittner et al.®
reported an inverse relationship between
decreases in medication non-adherence
level and total healthcare cost. The total
expenses associated with the lowest
subgroup of adherence across all measures
ranged from $804 to $36,259. In contrast,
Davis et al.2* used adjusted costs across
four subclassifications of PDC adherence
ranges to demonstrate that non-adherence
costs were lower than adherence costs

in all-costing outcomes reported except
hospitalization costs.
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Gastrointestinal disease

Three of five studies reported the adjusted
annual cost of medication non-adherence
per patient using the MPR method.*3°¢70 Of
these, two reported the total cost ($12,085
and $37,151)*37° with the main contributors
to the overall total cost being inpatient costs
(22% and 37%), outpatient costs (57% and
17%) and pharmacy costs (20% and 45%).

The remaining two studies used infusion

rates to assess non-adherence with neither
reporting the total cost nor total healthcare
costs.?%>3 Carter et al.*° reported hospitalisation
costs to be $42,854 while Kane et al.??
reported a significantly lower cost at $5,566 in
addition to other direct cost contributors.

Epilepsy

Three studies reported the economic impact
of medication non-adherence in epilepsy.
All reported unadjusted costs using an MPR
cut-off of <80%.%>4142 The main economic
indicators used to assess total costs were
inpatient costs ($2,289-%$6,874), emergency
department visit costs ($331-$669) and
pharmacy costs ($442-%$1,067). Davis et
al.>> modelled the costs of the non-adherent
group against the adherent group. The
annual costs reported by Faught et al.*?
were extrapolated from original cost data.
The total cost of non-adherence in epilepsy
ranged from $1,866 to $22,673.

HIV/AIDS

The economic impact of medication non-
adherence for patients with HIV and AIDS
reported among all three studies was
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similar.2¢3262 Two of the three studies examined
the costs only for HIV,?632 while Pruitt et al.®?
assessed the cost in AIDS as well as HIV. The
total unadjusted costs for non-adherent HIV
patients ranged from $16,957 to $30,068 with
one study further categorising patients with
HIV as having either a high viral load or low
viral load.? The total cost of non-adherence

in AIDS was $30,523.¢2 All studies used
comparable indicators (total cost, inpatient
cost, outpatient cost, pharmacy cost) to
determine the cost of non-adherence.

Parkinson’s disease

The direct costs associated with Parkinson’s
disease were assessed in all three studies. The
unadjusted total cost ranged from $10,988 to
$52,023.343771 \Wei et al.”* further subgrouped
patients into MPR adherence percentage
categories and found that costs increased in
all economic indicators (inpatient costs and
outpatient costs) as adherence decreased,
except for pharmacy costs which decreased
with non-adherence. One study additionally
reported the adjusted cost, estimating that
$10,290 could be attributed to medication
non-adherence annually.®”

Musculoskeletal conditions

Differing subgroup analyses was used to
measure the impact of medication non-
adherence on the annual cost incurred by
patients. One study assessed both the direct
and indirect costs of non-adherence,* one
assessed only the medical costs®® and one
examined the direct costs in commercial

and Medicare supplemental patient
populations.”” Zhao et al.”’ reported the
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adjusted annual cost in the commercial
population to be $22,609, and in the
Medicare supplemental group, $28,126.
Ivanova et al.* reported only unadjusted
costs and the annual total cost of $3,408.
This figure was extrapolated from study
data provided. The main indicators used
to evaluate the economic impact of non-
adherence were inpatient costs, outpatient
costs, pharmacy costs and medical

costs. Outpatient costs made the largest
contribution to the overall total.

Cancer

Two studies evaluated the effects of
medication non-adherence in cancer.®374
One study reported total annual costs of
$119,416,7* while the other gave a subgroup
analysis based on classified adherence
levels.®® In general, the lowest two adherence
subgroups (<50% and 50%-90%) reported
the highest total healthcare costs ($162,699
and $67,838). This trend followed for
inpatient costs, outpatient costs and other
costs, but the reverse relationship was found
for pharmacy costs.

Addiction

The adjusted annual total healthcare cost of
medication non-adherence was reported as
$53,5045% while the unadjusted cost ranged
from $16,996 to $52,213.55¢785 | eider et
al.>> reported the main contributors to this
cost to be outpatient costs ($10,829) and
pharmacy costs ($8,855), whereas Tkacz et
al.®? and Ruetsch et al.®> reported them to be
inpatient costs ($28,407 and $5,808) and
outpatient costs ($15,460 and $5,743).
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Metabolic conditions other than

diabetes mellitus

One study measured the influence of
medication non-adherence on direct
healthcare costs in metabolic conditions,
reporting an unadjusted attributable total
cost of $138,525.5 The economic indicators
used to derive this cost were inpatient costs
($16,192), outpatient costs ($111,100),
emergency department visit costs ($801) and
pharmacy costs ($3,538).

Blood conditions

Candrilli et al.?’ reported cost findings on the
relationship between non-adherence and
healthcare costs, giving an adjusted total
cost estimate of $13,458 for non-adherence
classified as MPR <80%.

All causes

In addition to disease-specific studies of
the economic impact of medication non-
adherence, 28 studies reported the all-
causes costs, encompassing cost drivers such
as comorbidities. In seven of these studies,
annual costs were extrapolated from the
original data.#647:¢063658498 Eleven studies
reported on economic indicators without
giving total cost or total healthcare cost,??4+
45,53,54,56,59.80.82.89.98 gnd one study reported on
costs per episode of non-adherence.?’

The adjusted cost of medication non-
adherence was reported in 14 studies with an

estimated range of $5,271-$52,341.102931.56.58-

60.70,75,7683848690 Sokol et al.’® reported the
all-cause cost of non-adherence through
subgroup analysis of disease states and MPR

AUGUST 2022 | PHARMACEUTICAL TECHNOLOGY

Q&A: Patient
Compliance

Dosing Reminders
and Adherence

levels, while Pittman et al.®° reported only
using MPR-level breakdown.

Fifteen studies reported the unadjusted
economic impact of medication non-
adherence with an estimated range of $1,037-
$53,793.22,40,45,49,53,54,57,63—65,67,80,82,89,98 A fur-ther
four studies reported adjusted and unadjusted
costs. 3444696 The most frequent indicators
used to measure the economic impact were
total healthcare costs and/or total costs (71%),
pharmacy costs (75%), inpatient costs (46%),
outpatient costs (46%), medical costs (28%)
and emergency department visit costs (25%).

Meta-analysis

Statistical analysis was attempted to collate
the large collection of results from individual
studies for the purpose of integrating the
findings on the cost of medication non-
adherence. However, the criterion for a
meta-analysis could not be met due to

the heterogeneity in study design and

lack of required statistical parameters in
particular SD.?” Combining studies that differ
substantially in design and other factors would
have yielded meaningless summary results.

DISCUSSION

This systemic review broadens the scope of
knowledge associated with the economic
impact of medication non-adherence across
different disease groups while building on
previous reviews where greater focus was on
targeting overall risk factors or conceptual
issues associated with medication non-
adherence. Medication non-adherence was
generally associated with higher healthcare
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costs. A large variety of outcomes were used
to measure the economic impact including
total cost or total healthcare cost, pharmacy
costs, inpatient costs, outpatient costs,
emergency department costs, medical costs
and hospitalisation costs.

The costs reported reflect the annual
economic impact to the health system per
patient. None of the studies estimated broader
economic implications such as avoidable costs
arising from higher disease prevalence with
studies failing to quantify avoidable costs
separately to direct and indirect costs possibly
due to coding restraints in healthcare claims
databases. The majority of studies took the
patient or healthcare provider perspective,
estimating additional costs associated with
non-adherence compared with adherence.
Current literature identifies and quantifies key
disease groups that contribute to the economic
burden of non-adherence, but no research

has attempted to synthesize costs across
disease states within major healthcare systems.
Comparisons across disease groups would
benefit the development of health planning
and policy yet prove problematic to interpret
due to the varying scope of their inclusion (e.g.,
mental health vs Parkinson’s disease). Similarly,
there is substantial variation in the differential
cost of adherence among disease groups with
certain diseases requiring greater cost inputs
(e.g., cancer and supportive care costs). Further
exploration of non-adherence behaviour and
associated costs is required to adequately
quantify the overall cost of non-adherence to
healthcare systems as the available data are
subject to considerable uncertainty. Given the
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complexity of medication non-adherence in
terms of varying study designs, methods of
estimation and adherence definitions, there is
a limitation as to the ability to truly estimate
costs attributed to non-adherence until further
streamlined processes are defined.

Significant differences existed in the range
of costs reported within and among disease
groups. No consistent approach to the
estimation of costs or levels of adherence
has been established. Many different cost
indicators were used, with few studies
defining exactly what that cost category
incorporated, so it is not surprising that cost
estimates spanned wide ranges. Prioritisation
of healthcare interventions to address
medication non-adherence is required to
address the varying economic impact across
disease groups. Determining the range

of costs associated with medication non-
adherence facilitates the extrapolation of
annual national cost estimates attributable
to medication non-adherence, thus enabling
greater planning in terms of health policy to
help counteract increasing avoidable costs.

The economic, clinical and humanistic
consequences of medication non-adherence
will continue to grow as the burden of chronic
diseases grows worldwide. Evolution of health
systems must occur to adequately address

the determinants of adherence through use of
effective health interventions. Haynes et al.1%®°
highlights that ‘increasing the effectiveness

of adherence interventions may have a far
greater impact on the health of the population
than any improvement in specific medical
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treatments’. Improving medication adherence
provides an opportunity for major cost
savings to healthcare systems. Predictions

of population health outcomes through

use of treatment efficacy data need to be
used in conjunction with adherence rates to
inform planning and project evaluation.* The
correlation between increased non-adherence
and higher disease prevalence should be used
to inform policymakers to help circumvent
avoidable costs to the healthcare system.

The metric of adherence estimation varied
substantially within and across disease
groups; likely affecting the comparisons
between studies. However, Hess et al., 0!
who compared six key adherence measures
on the same study participants, found that
the measures produced similar adherence
values for all participants, although PDC
and continuous measure of medication gaps
produced slightly lower values. While this
highlights the comparability of the measures
of medication non-adherence, it further
justifies the need to agree on consistent
methods for estimating non-adherence
through use of pharmacy claims data.

MPR was the most commonly used measure
to estimate medication non-adherence. MPR
was used in 63% of studies, followed by PDC,
which was used in 11%. These percentages
were consistent with those found recently

by Sattler et al.1? Even though the measures
of medication non-adherence may be
comparable, the definition of MPR and the
cut-off points to define non-adherence
differed significantly. Dragomir et al.”* defined
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MPR as the total days’ supply of medication
dispensed in the period, divided by the
follow-up period, with the assumption of
100% adherence during hospitalisation; Wu
et al.”> removed the number of hospitalised
days from the calculation; and Pittman et al.®°
calculated the total number of days between
the dates of the last filling of a prescription

in the first six months in a given year and the
first filling of a prescription in the 365 days
before the last filling. Non-adherence could
also be further classified into subcategories
within MPR and PDC based on percentages.
Thirty studies defined non-adherence as
MPR <80%, and 12 studies categorised non-
adherence into varying percentage subgroups.
While Karve et al.’® validated the empirical
basis for selecting 80% as a reasonable cut-
off point based on predicting subsequent
hospitalisations in patients across a broad
array of chronic diseases, 76 of the 79 studies
included in this review examined more than
just hospitalisation costs as an indicator
metric. Further research is required to identify
and standardise non-adherence thresholds
using other outcomes such as laboratory,
productivity and pharmacy measures.

Within the 79 studies covered, 35 different
indicators were used to measure the cost

of non-adherence and 19 reporting styles
were identified. Because of the resultant
heterogeneity, a meta-analysis was
impossible. It is imperative that a standardised
approach be established to measure and
report the economic impact of medication
non-adherence. The core outcome set must
take into consideration the perspective of
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the intended audience and the proportion

of non-adherence cost that is attributable to
each outcome to determine an appropriate
model.1** The critical indicators based on the
findings of this review include total costs,
pharmacy costs, inpatient costs, outpatient
costs, emergency department visit costs,
medical costs and hospitalisation costs for
analysis based on direct costs. For indirect
analysis, the core outcomes include short-
term disability costs, workers’ compensation
costs, paid time off costs, absenteeism costs
and productivity costs. We suggest that
further analysis of the contribution of each
outcome to the overall cost of non-adherence
be undertaken to help develop a tool that can
be used for future research.

Many studies have examined the relationship
between non-adherence and economic
outcomes using a cross-sectional analysis.>°
The implications of this are that potentially
crucial confounders such as baseline status
are ignored. In addition, a cross-sectional
analysis may obscure temporality: for
example, did greater adherence result in
reduced costs and improved health outcomes,
or was the patient healthier initially and more
capable of being adherent? A longitudinal
design is needed to overcome this limitation.

Economic evaluations inform decisions on
how to best make use of scarce societal
health resources through offering an
organised consideration of the range of
possible alternative courses of action and the
evidence of the likely effects of each.?° While
none of the studies taken separately could
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inform a choice between alternative courses
of action, they did provide key evidence for
decision makers about costs associated with
medication non-adherence. Pharmacy claims
data were used by the majority of studies to
model cost estimates. Three-quarters of the
studies were classified as cost descriptions,
providing a cost or outcome overview of

the health consequences associated with
non-adherence. Ten studies garnered a high-
quality classification, potentially limiting the
overall conclusions that are able to be drawn
and emphasised the need for future study
design to incorporate elements allowing

full economic evaluations to be conducted.
Hughes et al.1> highlighted the need for more
information on the consequences of non-
adherence, so that economic evaluations
could reflect the potential long-term effect of
this growing problem.

Of the 79 included studies, 66 of the studies
were conducted in the USA. Conversion of
costs to a common currency (US$) facilitated
the comparison of studies and disease groups.
Comparison of costs between healthcare
systems is difficult as no two are the same
and as healthcare is generally more expensive
in the USA, cost estimates may not reflect
average values. Thus caution needs to be
taken when interpreting results; however,
findings help to represent the significance

of the economic burden medication non-
adherence plays. Analysis of studies not
conducted in the USA supports the finding
that generally medication non-adherence
incurs greater costs for all cost indicator
outcomes other than pharmacy costs.
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Due to the advances in technology

available to record and assess medication
non-adherence, the inclusion of studies
undertaken in the late 1990s and early 2000s
may have affected the comparability of
results, despite the fact that these studies met
the inclusion criteria.?223¢4727397 The quality
of data presents a limitation. Information on
disease groups with fewer included studies
may be less reliable than information on
those with more. However, our findings affirm
the pattern of association between non-
adherence and increasing healthcare costs.

CONCLUSION

Medication non-adherence places a significant
cost burden on healthcare systems. However,
differences in methodological strategies make
the comparison among studies challenging

and reduce the ability for the true economic
magnitude of the problem to be expressed

in a meaningful manner. Further research is
required to develop a streamlined approach

to classify patient adherence. An economic
model that adequately depicts the current
landscape of the non-adherence problem using
key economic indicators could help to stratify
costs and inform key policy and decision
makers. Use of existing data could help to
better define costs and provide valuable

input into the development of an economic
framework to standardise the economic impact
of medication non-adherence.
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Dosage Form Design and Patient
Compliance: Exploring Orally Disintegrating
Tablets as a Patient-Centric Solution

By Ralph Gosden
How easy-to- INTRODUCTION
use, convenient Poor compliance with a medication regimen reduces treatment

effectiveness for the patient and has a significant impact on

. overall healthcare costs. Some of the common factors influencing
play an important compliance are the disease being treated, patient age and the

role in improving  therapy regimen itself. Therefore, when developing dosage forms,
patients’ it is important to consider specific patient challenges for different
diseases. This article explores the needs of different patient groups,
. identifies frequent issues leading to non-compliance, looks at the
with treatment role of orally disintegrating tablets (ODTs) in helping improve patient
regimens compliance and provides examples of improving the delivery profile
of the drug.

dosage forms

engagement
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PATIENT POPULATIONS AND
DYSPHAGIA

A significant issue across all age groups is
dysphagia, defined as a patient’s difficulty
with or inability to swallow. This disorder

is associated with the risk of choking and
aspiration of food and liquids into the lungs.
A 1999 report by the Agency for Health
Care Policy and research estimated that
one-third of patients with dysphagia develop
pneumonia and about 60,000 people die
annually from associated complications [1].

Dysphagia has many causes and may arise
as the result of a variety of conditions.
Epidemiological findings suggest its
prevalence to be as high as one in five in
people above the age of 50. Studies have
reported its occurrence in 61% of this age
group admitted to acute trauma centers,
41% of those in rehabilitation settings, 30 to
75% of people in nursing homes and 25 to
30% of patients admitted to hospitals [1].

Looking at the other end of the age
spectrum, there is a need for age-appropriate
pediatric formulations in the hospital

setting. Sixty seven percent of the oral
prescriptions dispensed in the pediatric ICU
were considered suitable as determined by a
recent study from the Netherlands; the issue
is most prevalent with neonates and infants
in the ICU as only forty two percent of their
oral prescriptions were considered patient-
appropriate [2].

For younger pediatric patients, oral
formulations that are easy to swallow and
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allow for dosing flexibility are preferred. As
the pediatric population ages, traditional
oral solid dosage forms become more
acceptable; however, an important key

to compliance is to both ensure ease of
administration and provide sufficient taste
masking for bitter APlIs.

Zydis® Orally Disintegrating
Tablet (ODT) vs. Standard
Tablets (ST)

The neonate’s gastrointestinal (Gl)

tract is still developing, and as a result,
some patients may struggle with certain
excipients and foods. In older pediatric
groups, a study to determine tablet
acceptability in children aged 4 to 8 years
and 9 to 12 years indicated tablet size was
the most significant issue and that taste,
texture, and smell are also dosage form
factors to consider [3]. FIGURE 1 provides
a summary of the appropriateness of oral
dosage forms in pediatric populations
ranging from neonates to teenagers [4].

The target product profile (TPP) for both the
pediatric and older age groups described
above are similar in that both require
formulations that are easy to swallow,

dose, handle and offer good palatability.

In addition, flexible dosing capabilities are
especially important for pediatric patients.
Specific dosing devices, such as droppers,
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FIGURE 1: Age-appropriate formulations for pediatric patients.

The figure was adapted from [4].
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tend to be available for the very young, but
less so for older patients. Straightforward,
user-friendly instructions are desirable for
both age groups.

TREATMENT COMPLIANCE
IMPACTS BOTH PATIENT HEALTH
AND HEALTHCARE COSTS

Looking at treatment compliance rates in
five common chronic conditions—cancer,
cardiovascular disease, rheumatoid arthritis,
diabetes and asthma—reveals large variations
in compliance rates [5]. Non-compliance is
affected by factors such as health literacy,
prior beliefs, memory, dosing regimen
complexity and polypharmacy. Interpersonal
factors such as the patient-physician
relationship, trust issues, and the patient’s
support group also play a role, as do cultural
influences [6].
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The economic cost of medication non-
compliance in the U.S. may be as much

as $100B - $200B annually. In addition,
around 10% of hospitalizations of elderly
patients are attributed to non-compliance
and may involve up to three extra medical
visits per year and an additional $2,000 of
costs per person per year. When looking
at the cost of non-compliance, inpatient
costs represented the greatest proportion
of costs contributing to total healthcare
costs for cardiovascular disease, diabetes
mellitus, osteoporosis, mental health,
epilepsy and Parkinson’s disease patients.
For example, estimates show that
improvements in diabetes medication
compliance could lead to estimated
annual cost savings of between $0.6B and
$1.16B [7].
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Clearly, non-compliance is extremely
detrimental in both monetary terms and
with respect to an individual patient’s
treatment outcomes. Strategies for
improving patient compliance must
therefore be tailored to the varying needs
of the patient as described above with
the dosage form of the medicine playing a
significant role. In addition, development
of pharmaceutical product line extensions
should be undertaken with compliance in
mind, looking to improve ease of use and
dosing flexibility, and to address issues of
swallowability, taste and cost.

ORALLY DISINTEGRATION TABLETS
AS A PATIENT-CENTRIC SOLUTION
ODTs can provide support in many ways
for improving patient engagement in

their treatment programs. For example,
appearance is a critical aspect of medicines
and an attractive dosage form that is easy
to swallow can foster patient compliance.
The convenience of the ODT also means
the patient can take their medication more
subtly, something that could be important
if they experience a perceived stigma
about their condition. Rapid disintegration,
a good mouthfeel and pleasant taste are
significant factors in the acceptability of
ODT dosage forms.

ODTs lend themselves to the usual taste
masking strategies of flavors and sweeteners,
and for more bitter compounds, there are
technologies where the bitter drug binds

to the resins to form non-bitter drug-resin
complexes due to ion exchange reactions.
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The convenience of the

ODT also means the patient
can take their medication
more subtly, something that
could be important if they
experience a perceived stigma
about their condition.

With respect to drug delivery and
pharmacokinetics, ODTs are generally
equivalent to other oral solid dosage forms,
but for drugs with suitable characteristics,
they open the possibility of pre-gastric
absorption. With this comes the potential to
reduce the dose and side-effects, again, an
important aspect of patient preference and
therefore compliance.

There are two main techniques for making
ODT — loosely compressed tablets and
lyophilized tablets. Although both ODTs
have the common characteristic of rapid
disintegration, their physical attributes
may vary. For example, loosely compressed
tablets are easier to handle and can be
packaged in blister packs or bottles due

to their higher mechanical strength, in
comparison to lyophilized ODTs that can be
packaged only in unit-dose blisters due to
their higher friability.

When considering ODTs, it is important
to ensure a pleasant patient experience
during dosing. The results of a recent study,
shown in FIGURE 2, indicate considerable
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variation between different manufacturers
and types of ODTs, particularly in terms

of disintegration rate and mouthfeel.
Nevertheless, ODT technology improves
the patient experience, as illustrated in the
following case studies.

Case Study 1 - Migraine patients prefer
rizatriptan ODT

In this study, patients taking rizatriptan
administered as an ODT were asked if
they would prefer to take the migraine
medication as a tablet with water or an
ODT without water. Of the 368 patients
that expressed a formulation preference,
75 to 83% said they would prefer to take
their medicine as an ODT rather than as a
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tablet [8]. In a separate study, patients with
a preference for the ODT dosage form felt it
to be faster acting and soothing [9].

Case Study 2 - Buprenorphine/naloxone
ODT is preferred to tablet or film for
sublingual administration

Opioid dependence therapy often involves
the use of buprenorphine/naloxone
sublingual films or tablets, where the tablet
may take up to 10 minutes to dissolve

and carries the risk of patients developing
ulcers under the tongue. In a comparison
of ODT, tablet and film formulations of
buprenorphine/naloxone for sublingual
administration, Fischer, A,, et al. [10]
found that approximately 77% of healthy

FIGURE 2: Because Speed Matters. When compared to competitor ODTs, Zydis® ODT
technology has a faster disintegration rate and smoother mouthfeel.
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volunteers preferred the sublingual ODT
to the sublingual tablet, while almost
89% preferred the sublingual ODT to the
sublingual film.

Case Study 3 - Patients with allergic
conditions prefer ODTs

In a study of 7,686 patients with either
allergic rhinitis or dermatitis, participants
were given a placebo ODT, and their
dosage form preferences were recorded.
Ninety-three percent of participants said
they would choose an ODT formulation
and 88% would actively look to switch
their current medication to the ODT
format [11].

Dysphagia
Pediatric Application
Geriatric Population
Compliance Issues Parkinson’s, Alzheimer's)

Fast Onset

Ease of Use

generic challenge

Affects 35% of the general population

25-45% of typically developing children demonstrate swallowing problems

30-40% of elderly institutionalized patients suffer from dysphagia

Institutionalized patients (e.g., schizophrenia, psychosis); CNS disorders (e.g., epilepsy,

Treatment for nausea, migraine, pain, fever, heartburn, insomnia

Travel, lack of access to (sterile/potable) water

OTC and LCM - Line extensions in response to patent expiration and

Sub-lingual/buccal peptides, allergens and immunological vaccines delivery

©2022 Catalent, Inc. All rights reserved.
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Case Study 4 - Patients with dysphagia
found ODT easier to swallow

The study group was made up of patients
either with dysphagia, resulting from
neurological problems such as a stroke

or a particular disease, such as cancer of
the throat [12]. Participants in the single-
subject design, crossover study were
randomly given either a conventional
compressed tablet or an ODT. Results
indicated that 75% of participants found the
ODT easier to swallow. Only 17% of those
taking the ODT requested water, compared
with 39% of those taking the compressed
tablet. It was noted that 53% of patients
did not like to take the conventional tablet
without water, while only 11% reported the

FIGURE 3: Wide Range of ODT Applications
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same for the ODT. These results support
the hypothesis that ODTs help improve
compliance in patients with dysphagia.
Overall, the studies described suggest that
when an ODT is available, patients prefer
that format, and this was clearly the case
for patients living with dysphagia.

IMPROVING THE DELIVERY
PROFILE

Beyond the patient preference and
swallowability benefits, the ODT format
can be used to help improve the drug
delivery profile of a given API. An optimally
designed ODT formulation can lead to a
rapid onset of action, use lower doses, and
improve tolerability. Rapid API release from
the formulation is especially important for
sublingual immunotherapy applications
where the active ingredient needs to be
released at the oral mucosae before the dose
is washed away by saliva or any ingested
liquids. The case studies below showcase
how the ODT format can help improve the
delivery profile.

Rapid onset of action

Ebastine ODT, an allergy treatment, was
given to 100 patients. When asked, 85% of
participants rated it as “fast” or “very fast”

in terms of the speed with which it worked
and 77% said it was faster than their usual
tablet. Ebastine was also studied in terms of
convenience, taste, mouthfeel and sensation.
Ninety-four percent of patients reported the
ODT formulation was more convenient than
other medications and overall, ebastine ODT
was preferred by 83% of patients [13].
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Rapid release of active ingredients

A study to examine the effects of formulation
on in vitro disintegration and release kinetics
compared a loosely compressed tablet of
house dust mite allergens with a Zydis ODT
formulation. Both the 10,000 Japanese
allergy unit (JAU) and 20,000 JAU ODTs
disintegrated within one second when placed
in buffer while the 19,000 and 57,000 JAU
compressed tablets took 27 and 45 seconds,
respectfully. Both of the Zydis ODTs achieved
complete in vitro release of allergens in 30
seconds as seen by a plateau in the allegen
concentration curve versus the 57,000 JAU
compressed tablet, which achieved only
partial release at 30 seconds and continued to
release allergens throughout the ten minute
experiment. The rapid release of API enabled
a reduced dosage of the drug in the Zydis
formulation and supports lower lingual hold
times which may lead to an improved patient
experience [14].

Reduced first pass metabolites

An ODT of the Parkinson’s treatment
selegiline was developed, and its
performance compared to a standard tablet.
Uptake of this drug via the gastrointestinal
tract resulted in high first-pass metabolism
that led to low bioavailability and the
production of metabolites that included
amphetamines. When taken in the evening,
the presence of amphetamines can result
in sleep issues. Using an ODT that enabled
buccal absorption gave higher blood
concentrations of the drug and meant the
dosage could be significantly reduced from
10mg in the standard tablet to 1.25mg in
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the ODT, with a consequent reduction in
metabolite levels. This allowed patients
the option to take the medication in the
evening without significantly disrupting
their sleep [15].

CONCLUSION

Many factors influence patient compliance
during drug treatment. Taking into account
the patient’s condition, dosage forms can
play a critical role, particularly in delivering
ease of use and dosing flexibility, along
with addressing concerns about dysphagia
and taste. Convenient, fast-disintegrating
ODT formulations make medicines easy

to swallow, often without water, and are
amenable to taste-masking strategies. In
addition, the rapid release achieved and
the possibility of pre-gastric absorption
can improve efficacy and lower doses. In
the studies presented, patients expressed
a strong preference for this format.
Whether you are considering an ODT to
address patient compliance or improve
your product delivery profile, the Zydis
technology can help enhance the value

of your investment and accelerate your
product’s potential.

For more information, watch the webinar:
Dosage Form Design and Patient
Compliance-Exploring ODTs as a Patient-
Centric Solution

ABOUT CATALENT

Catalent is the global leader in enabling
pharma, biotech, and consumer health
partners to optimize product development,
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launch, and full life-cycle supply for
patients. With broad, deep-scale and
expertise in development sciences,
delivery technologies, and multimodality
manufacturing, Catalent is a preferred
partner for personalized medicines,
blockbuster drugs and consumer health
brand extensions. Catalent helps accelerate
over 1,000+ partner programs and annually
launches over 150 new products, and its
flexible manufacturing platforms at 50+
global sites supply over 70 billion doses

of nearly 7,000 products to over 1,000
customers. Catalent is headquartered in
Somerset, New Jersey.
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Increasing Adherence With
Dosing Reminders

By Kristopher Sarajian

achieved up to can be an unsurmountable burden for people living with a
98% compliance chronic illness, such as elderly cardiovascular patients, to

t18 th comply consistently with self-administered medication protocols.
a montns

during phase 3 While most clinical trials spend millions of dollars or more on

study clinical systems to improve data management, very few provide any
meaningful support for patients at home to help them stay active
and compliant.

Elderly patients G iven everything else patients have going on in their lives, it

Why aren’t more companies using these cost-effective and easy-to-
implement solutions? Let’s take a look at one that did.
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THE IMPACT OF POOR
COMPLIANCE

The importance of consistent medication
adherence for studies with self-dosing
requirements cannot be overstated. As has
been reported in Applied Clinical Trials, poor
compliance has an exponential impact on
the number of patients needed to reach
the same statistical outcome, shown in
TABLE 1 below.

TABLE 1

Non-Adherence Rate Al .
Increase Required
o/ _ [)
AVTersis . 50% more patients
non-compliance

50% non-compliance 200% more patients

Source: ClinOne

Research shows 40% of patients become
non-compliant at five months on study.! This
means an average Phase Il trial will require
an additional 460 patients at an estimated
cost of $12 million.2 Costs will be even
higher for certain programs such as lengthy
cardiovascular studies and complex
oncology trials.

OPPORTUNITIES TO IMPROVE

Even an incremental improvement can make
a significant difference in time and on the
study budget. The phase 3 trial referenced
above would yield $335,000 in cost savings
for each 1% increase in adherence.
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As the CASE STUDY on the next page shows,
a technology-based dosing manager can
help patients, even in the challenging elderly
patient demographic, achieve compliance
rates up to 98% at 18 months on study.

THE CHALLENGE

A leading pharmaceutical company sponsored
a cardiology trial that required elderly patients
to self-administer cardiometabolic medication
in tablet form 2x/day in a chronic fashion over
multiple years. Published data for average
medication adherence in cardiometabolic
disease is 56% over 12 months. Twice-daily
dosing has even lower adherence.?

THE SOLUTION

For this phase 3 trial the study team
deployed a technology-based dosing
mechanism. It helped improve medication
adherence by using interactive SMS
messages on patients’ personal phones.
The dosing manager solution sent protocol-
specific automated text messages that
prompted patients to take their medication
at the scheduled time.

The system prompted patients twice daily
with an SMS message that enabled them

to quickly and easily confirm they had

taken their dose-i.e., the patient would

hit the number “1” to confirm they took
their medicine on time. In addition to
ensuring compliance, easily accessed dosing
records mitigated the risk of patients over-
medicating because they forgot they had
already taken a dose.
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CASE STUDY

TECHNOLOGY: IMPROVE ADHERENCE WITHOUT GETTING IN THE WAY OF PATIENTS’ LIVES

Therapeutic Area: Cardiology

Indication: Transthyretin Cardiac Amyloidosis (ATTR-CM)

Patient Population: Elderly (average age of initial diagnosis was 74 years old)
Phase: Phase I

Dosing: 2x/day

Timeline: Multi-year trial

SOURCE: ClinOne

This simple process removed burden for above throughout the duration of the trial.
elderly patients who (counter-intuitively) Patients treated at several major academic
typically have higher technology compliance research centers reached as high as 98%
than younger people, in part because adherence at 18 months on study, with an
they have more spare time and stronger overall average compliance rate of 86.5%. A
relationships with their care teams. few of the research centers along with their

patient adherence percentages can be found
Sites received weekly compliance reports, which  in TABLE 2 below.
allowed them to identify patients who would
benefit from additional support and follow-up.

TABLE 2
MAINTAINING PATIENT T T i e Adherence
ENGAGEMENT (18 months)
In addition to a dosing manager, technology Cedars-Sinai Medical Center 98%
solutions which kept patients engaged
during this trial included: St. Luke’s Hospital 95%
. . Mayo Clinic 93%
e Digital concierge
e Uber Health transportation University of Washington 88%
e Virtual visits (due to COVID-19)
e Consent University of South Carolina 78%
University of Colorado 76%
Patients consistently demonstrated 2x/
daily medication adherence at 70% and SOURCE: ClinOne
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Optimizing Oral Drug
Delivery using Zydis®
Orally Disintegrating Tablet
Technology to Address
Patient Challenges

LESSONS LEARNED

Technology providers should evolve their
technology and service delivery best
practices to ensure continual improvement
in patient compliance.

This trial faced unique challenges and presented
lessons learned technology providers can
incorporate into future clinical trials, including:

¢ Make site participation mandatory-
Keeping it optional means fewer
patients will receive benefit from a
dosing manager.

e Focus on supporting ex-US sites-
While most eClinical technology is
inherently global, some countries may
have specific deliverability issues a
technology provider can solve with a
telecommunications partner should
challenges arise. It is important to
monitor compliance at ex-US sites to
identify and resolve issues proactively.

¢ Follow up with non-compliant sites-
This ensures sites are reviewing reports
and discussing the importance of
consistent dosing with low-adhering
patients. It is especially important for
sites with significant staff and study
coordinator turnover.
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IN SUMMARY

Patients trust us to provide the best possible
care and clinical trial experience for them.
As an industry, we must shift to prioritize
technology and tools that make it easier

for patients to participate throughout

the study’s duration. Even using a simple
interactive SMS dosing manager can
significantly increase compliance, improve
safety, and reduce cost and risk. So, let’s
work together to help patients, their
caregivers, and their families succeed in our
clinical trials.
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Pharmaceutical
Technology spoke with
Ralph Gosden, head of
product development
at Catalent, about the
benefits of the Zydis®
orally disintegrating
tablet (ODT)—a freeze-
dried, oral solid-dosage
form that disperses

in the mouth without
water—to support
improved patient
compliance.
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Courtesy of Catalent

A Q&A: Patient Compliance

Interview with Ralph Gosden

PHARMTECH: Many elderly patients struggle with the pill
burden—can Zydis technology be used to deliver fixed-dose
combinations, i.e., more than one drug?

GOSDEN: Yes, Zydis technology was already used in one marketed
product that combines multiple active pharmaceutical ingredients
(APIs), and there are several other products in development. The
APIs must be compatible with each other and the total loading

of insoluble APIs in the product can be up to 400 mg, or, if the
active material is highly soluble (>10 mg/mL), then up to 100 mg
can be accommodated.

Does Zydis technology still give patient compliance benefits in
cases where the characteristics of the drug do not allow pre-
gastric absorption?

GOSDEN: Yes, in several ways: perception of faster onset,
improved administration experience, rapid dissolution, smooth
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mouthfeel, soothing effect of dissolution,
easier to swallow, more readily accepted
by certain patient groups, convenience and
patient preference.

A study of rizatriptan, administered to
patients for the treatment of migraine
symptoms, compared the Zydis dosage form
with conventional tablets [1]. The study
found that patients who preferred the Zydis
dose form valued the convenience of taking
their medication without water, a faster
onset and the soothing of their symptoms.
An acceptance survey using a Zydis placebo
found that of patients with various allergic
conditions, 93% would choose the Zydis
formulation over their current medication
[2]. The survey revealed over 90% of patients
rated each of the following factors to be
“important” or “very important” to them: can
be taken any time or place, fast dissolving
and leaves no residue.

In schizophrenia and bipolar disorder, patient
acceptance of the medication is particularly
important, as patients can be mistrustful

of authority figures and may attempt to
avoid taking medication because they think
it will cause them harm. In treating such
psychiatric conditions, patients are more
likely to accept treatment if it improves
symptoms and has a good safety profile.

A review of the atypical antipsychotic
olanzapine found that the Zydis ODT
formulation aided patient acceptance of
treatment [3]. Key characteristics that
helped improve acceptance were ease of
use as well as its efficacy and safety profiles.
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As a result, if patients are more accepting

of the medication, then this may improve
compliance with a corresponding positive
impact on caregivers by minimizing patients’
symptoms and improving the healthcare
provider-patient relationship.

Is My Molecule
Suitable for an Orally
Disintegrating Tablet?

How quickly does the Zydis dosage form
melt or dissolve? From a compliance
perspective, could it keep institutionalized
patients from spitting out the medication?
GOSDEN: As shown in vitro, the Zydis dosage
form typically disperses in less than 3
seconds and also dissolves very quickly in the
mouth. For people new to the dosage form,

it does have a “wow factor” when they first
experience the speed of disintegration of

the ODT. Institutionalized patients can avoid
swallowing their medication by “cheeking” the
dose, only to spit it out later. By incorporating
Zydis technology, the tablet dissolves quickly,
with a smooth mouthfeel, so it can be easily
swallowed with the saliva typically present in
the mouth, improving compliance.

It seems that many patients want ODTs,

but there are so few APIs offered in ODT
formats. Why? Is cost a factor?

GOSDEN: The initial cost of manufacturing
ODTs may be higher; however, studies have
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shown that improved patient compliance
throughout the treatment period would
reduce the cost burden on the healthcare
system, as improved patient compliance
reduces the costs associated with relapse
and hospitalization. A simulation study
comparing the administration of olanzapine
conventional tablets versus several ODTs
found that the olanzapine ODTs were
cost-effective as compared to the standard
tablet [4].

In a separate study, the cost-effectiveness
of aripiprazole ODT was compared with
conventional tablets. The study found the
likelihood of aripiprazole ODT being cost-
effective was 99.2% whereas the tablet was
69.2% likely to be cost-effective [5].

For more information, watch the webinar
Dosage Form Design and Patient
Compliance—Exploring ODTs as a Patient-
Centric Solution.
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With more than 35 products launched in 60+countries, the Zydis® ODT (orally disintegrating tablet)
technology is the world'’s best-in-class ODT. The Zydis fast-dissolve platform consists of three technolo-
gies: Zydis ODT, Zydis Ultra®, and Zydis® Bio. Zydis ODT is a unique freeze-dried oral solid dosage form
that disperses orally almost instantly, typically in less than three seconds, without the need for water. Zydis
Ultra technology offers enhanced taste-masking capabilities, increased drug loading, and the potential for
functional coatings. Zydis Bio technology offers a formulation strategy for oral delivery of peptides, aller-

gens, and viral vaccines.
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