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Purpose: To compare treatment adherence, discontinuation, add-on, and daily average
consumption (DACON) among adults with attention-deficit/hyperactivity disorder receiving
second-line lisdexamfetamine dimesylate (LDX) or atomoxetine (ATX), following
methylphenidate.

Patients and methods: A retrospective cohort study using US commercial claims databases
(Q2/2009-Q3/2013).

Results: At month 12, the LDX cohort (N=2,718) had a higher adherence level (proportion of
days covered: 0.48 versus 0.30, P<<0.001) and was less likely to discontinue (Kaplan—-Meier
estimate: 63% versus 85%, P<<0.001) than the ATX cohort (N=674). There were no statistical
differences in treatment add-on rates between cohorts (Kaplan—Meier estimate: 26% versus
25%, P=0.297). The LDX cohort had a lower DACON (1.10 versus 1.31, P<<0.001) and was
less likely to have a DACON >1 (adjusted odds ratio: 0.20, 95% confidence interval: 0.15-0.25,
P<0.001) than the ATX cohort.

Conclusion: Adults with attention-deficit/hyperactivity disorder treated with LDX following
methylphenidate had a higher treatment adherence and lower discontinuation and DACON
relative to those treated with ATX following methylphenidate.

Keywords: ADHD, adult, adherence, lisdexamfetamine dimesylate, atomoxetine

Introduction

Attention-deficit/hyperactivity disorder (ADHD) is a chronic neurobehavioral condition
associated with learning disabilities, mood disorders, language disabilities, and disrup-
tive behavior disorders."> ADHD is typically diagnosed in childhood and often associ-
ated with comorbid conditions, such as sleep and sleep-related breathing disorders,*°
which have been postulated to contribute to the ADHD phenotype!' ' (and vice versa'®).
ADHD commonly persists into adulthood,? when it may be associated with work-related
impairment (eg, changing employer frequently, poor performance, fewer occupational
achievements), social-related impairment (eg, lower socioeconomic status, poor driv-
ing habits and more frequent car accidents, more frequent use of illegal substances),
and relationship-related impairment (eg, more marital problems and higher incidence
of separation).'*!¥ Recent systematic literature reviews have estimated the prevalence
of ADHD in adults to be ~5% in Europe, with a similar prevalence in North America
(4.4%).12° Untreated or suboptimally treated adult patients suffering from ADHD
are subject to reduced quality of life, psychosocial impairments, and professional
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difficulties.?** However, although there is scant information
in adults, it has been shown that children can alleviate most
ADHD-related impairments and enhance their quality of life
with currently available treatments.

Stimulants are the standard-of-care first-line pharmaco-
therapy for adults with ADHD both in Europe and North
America.”*** More specifically, methylphenidate (MPH) is the
most commonly prescribed first-line treatment for adult patients
with ADHD, with generally rare and mild side effects.>>¢
However, patients may not respond optimally to this treatment
or may experience intolerable adverse events. Although little
is known about the proportion of adults in such a situation, a
systematic literature review among children, adolescents, and
adults with ADHD reported that up to ~30% of patients may
face such issues.’!*? Several treatment options exist for adult
patients who are unresponsive or intolerant to MPH, such as
atomoxetine (ATX) and dexamphetamine, or patients may
sometimes use other medications that are unlicensed for the
treatment of ADHD (eg, bupropion, o-adrenergic agents, and
tricyclic antidepressants).>3%3 ATX was the first nonstimulant
to be approved for the treatment of adults with ADHD in
Europe* and is recommended as a second-line therapy for
patients who are unresponsive or intolerant to MPH in most
European guidelines, including those from the UK’s National
Institute for Health and Care Excellence.?*>3¢

Recent studies conducted in adult patients with ADHD
in the US compared treatment adherence,” discontinuation,
add-on, and daily average consumption (DACON)?*
among patients treated in second- or later-line therapy with
lisdexamfetamine dimesylate (LDX) and those treated with
other commonly prescribed stimulants or ATX. Findings
from these studies showed that LDX was associated with
statistically significantly higher treatment adherence and
lower treatment discontinuation rates compared with ATX.
Although not compared between LDX and ATX, treatment
add-on rates and DACON were also found to be lower for
patients treated with LDX compared with other commonly
prescribed long-acting stimulants (ie, osmotic-release oral
system MPH, long-acting MPH, and long-acting amphet-
amine [AMPH)]). Findings from previous studies on treat-
ment adherence and discontinuation suggested that these
outcomes are of notable importance in ADHD patients from
all age groups, as nonadherence or suboptimal adherence and
discontinuation are associated with a substantial economic
burden and can negatively impact patients’ quality of life.4*4
Moreover, a recent systematic literature review on adherence,
persistence, and treatment discontinuation in patients with
ADHD from all age groups found adherence and persistence
to ADHD treatments to be inadequate.*?

Although there are several licensed treatments for adults
with ADHD in the US, the European context is quite different,
where MPH is the only recommended first-line treatment in
most countries and ATX is the most commonly recommended
second-line option.*** Treatment options in most European
countries are limited, as highlighted by Retz et al.*

More research is needed to understand the potential ben-
efits of commonly indicated ADHD treatments as second-line
agents following MPH in the adult ADHD population. 24548
More specifically, to the best of our knowledge, no studies
have focused on second-line treatment outcomes in adults
with ADHD who have previously been treated with MPH;
that is, in a sample representative of the European context.
Therefore, the aim of the current study was to assess the
treatment outcomes associated with LDX or ATX in second-
line therapy in adult patients with ADHD. More specifically,
the aim was to compare treatment adherence, treatment
discontinuation, treatment add-ons, and DACON among
adult patients treated with LDX versus ATX as second-line
options following the use of MPH.

Methods and design

Data source

This study was conducted using the Truven Health Analytics
MarketScan® (MarketScan) database from 2009 to 2013.
The MarketScan database is a US private sector health data
resource that reflects the health care experiences of employees
and their dependents, as well as Medicare-eligible retirees with
employer-provided Medicare supplemental plans covered by
the health benefit programs of large employers. All US census
regions are represented, although most enrollees are from the
South and North Central (Midwest) regions. The database
includes health care plan enrollment history and claims for
medical (provider and institutional) and pharmacy services.
Data were de-identified and comply with the patient confiden-
tiality requirements of the Health Insurance Portability and
Accountability Act prior to being delivered to the investigators
by a third-party vendor, therefore, according to the authors,
no institutional review board approval was required, and they
did not apply for an institutional review board ethics approval
exemption, or obtain patient consent for this study.

Study sample

Patients who were initiated on either LDX or ATX as
second-line monotherapy between 2009 and 2013, following
first-line monotherapy with MPH, were selected from the
MarketScan database. To be eligible for the study, all patients
were required to have at least one documented diagnosis of
ADHD in their medical claims (/nternational Classification
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of Diseases, 9th Revision: 314.0x or 314.9x), have filled at
least one prescription for MPH prior to the initiation of LDX
or ATX, be continuously enrolled in their health care plan
for at least 6 months prior to the initiation of MPH and at
least 12 months following the initiation of their second-line
therapy (index date), and be at least 18 years old at the
index date. Furthermore, a 6-month washout period with no
prescription-fills for any stimulants or nonstimulants indi-
cated for ADHD prior to the initiation of MPH was applied, in
order to increase the likelihood of selecting patients receiving
MPH as their first-line therapy for ADHD.

The study was conducted using a retrospective cohort
design. Patients were classified into two mutually exclusive
cohorts — the LDX cohort and the ATX cohort — based on
the presence of a prescription claim initiated for second-line
therapy with one of these agents (index treatment). The base-
line period was defined as the 6-month period prior to the
index date, and the study period was defined as the 12-month
period following the index date.

Outcomes and statistical analyses

The following patient characteristics, measured on the index
date and during the baseline period, are reported for the
LDX and ATX cohorts: age on the index date, sex, region
of residence, type of health care plan, year of the index date,
Charlson comorbidity index,* mental comorbid conditions,®
and physical comorbid conditions.>’ Both physical and mental
comorbid conditions were identified based on diagnostic
codes documented in claims. Only mental and physical
comorbid conditions with at least 2% prevalence in both
cohorts are reported. Statistical comparisons between cohorts
were conducted using chi-square tests for categorical vari-
ables and Wilcoxon rank-sum tests for continuous variables
to identify differences in patient characteristics. A signifi-
cance level of 0.05 was used in the analyses.

Adherence to the index treatment was measured over
the 12-month study period using the proportion of days
covered (PDC) and medication possession ratio (MPR). The
PDC was calculated as the sum of the number of days with
the index treatment during the study period divided by the
number of days in the study period (ie, 365 days). The MPR
was calculated as the number of days of medication supplied
during the study period divided by the number of days in the
study period (ie, 365 days). Both the PDC and the MPR are
reported as continuous and dichotomous (ie, adherent versus
nonadherent) variables. Patients were considered adherent if
their PDC/MPR was at least 0.8 and nonadherent otherwise.™
Average PDC/MPR levels were compared between the LDX
and ATX cohorts using linear regression models, where the

dependent variable was the level of adherence (eg, PDC)
and the independent variable was a dichotomous variable to
identify the patient’s cohort (ie, LDX versus ATX). The pro-
portions of adherent patients were compared between cohorts
using logistic regression models, where the dependent vari-
able was a binary variable indicating adherence status and the
independent variable was a dichotomous variable to identify
the patient’s cohort. Multivariate regression models adjusted
for differences in any discrepant baseline patient characteris-
tics between cohorts. Results are reported as unadjusted and
adjusted differences in adherence levels, and as odds ratios
(ORs) with 95% confidence intervals (CIs) and P-values.

Treatment discontinuation was defined as a gap of at
least 60 consecutive days between the last day of supply of a
prescription-fill for the index treatment and the first day of sup-
ply of the following prescription-fill for the index treatment or
the end of the study period, whichever occurred first. Time to
treatment discontinuation was analyzed using survival analy-
ses, with event time defined as the number of days between the
index date and first date of treatment discontinuation. Patients’
observation periods were censored if patients reached the end
of the study period without a treatment discontinuation. The
distribution of treatment discontinuation was estimated over
time using Kaplan—Meier analyses and compared between
cohorts using log-rank tests. Cox proportional-hazards
models were used to compare the distribution of treatment
discontinuation between cohorts over time, both unadjusted
and adjusted for differences in any discrepant baseline patient
characteristics. Results are reported as unadjusted and adjusted
hazard ratios (HRs) with 95% CIs and P-values.

Treatment add-on was defined as the addition of one or
more pharmacologic treatments to the index treatment, where
1) the index treatment and the add-on treatments were used
concomitantly for at least 28 consecutive days and 2) the
add-on treatments were not used for at least 60 consecutive
days prior to the add-on date. The list of medications consid-
ered for treatment add-on comprised the following stimulants
and nonstimulants: MPH, LDX (for the ATX cohort), ATX
(for the LDX cohort), AMPH, guanfacine, and clonidine.
Although only the extended-release formulation of guanfa-
cine and clonidine is licensed for the treatment of ADHD (in
the US), immediate release guanfacine and clonidine were
also considered as they are recommended by guidelines.*

The treatments added to the index treatment are descrip-
tively reported for the LDX and ATX cohorts. In addition,
time to treatment add-on was analyzed using survival analy-
ses, with event time defined as the number of days between
the index date and the first date that another treatment was
added to the index treatment. Patients’ observation periods
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were censored if patients reached the date of treatment
discontinuation or the end of the study period without a treat-
ment add-on. Treatment add-on rates were estimated using
Kaplan—Meier analyses and compared between cohorts using
log-rank tests. Cox proportional-hazards models were used
to compare the distribution of treatment add-ons between
cohorts. Unadjusted and adjusted (adjust for differences in
any discrepant baseline patient characteristics) results are
reported as HRs with 95% Cls and P-values.

DACON was defined as the ratio of 1) the number of
units (tablets or capsules) of the index treatment dispensed
during the study period and 2) the number of days of supply
of the index treatment during the study period. DACON was
calculated among the subgroup of patients with complete
information available about the number of units dispensed and
the number of days of supply. The proportion of patients with
aDACON greater than 1 was compared between cohorts using
logistic regression models, where the dependent variable was
a binary variable indicating if the rounded DACON value was
greater than 1 and the independent variable was a dichotomous
variable to identify the patients’ cohort. Multivariate regres-
sion models adjusted for differences in any discrepant baseline
patient characteristics between cohorts. Results are reported as
unadjusted and adjusted ORs with 95% CI and P-values.

As MPH includes short- and long-acting formulations
and the type of formulation prescribed may be endogenous
to the patient’s profile, all of the aforementioned analyses
were replicated among a subgroup of patients who received
long-acting MPH (including osmotic-release oral system
MPH) as first-line therapy.

The following variables were included in all multivariate
regression models to adjust for differences in discrepant base-
line patient characteristics between cohorts: demographics
(age on the index date, sex, and region of residence), type
of health care plan, Charlson comorbidity index score, year
of the index date, and physical comorbidities that were sig-
nificantly different between the cohorts and that had at least
5% prevalence in both cohorts (ie, hypertension).

All statistical analyses were conducted using SAS 9.3
statistical software (SAS Institute, Inc., Cary, NC, USA).
Statistical significance was assessed based on a two-sided
a error of 0.05.

Results
A total of 3,392 patients met the inclusion criteria: 2,718
(80.1%) were initiated on LDX as second-line therapy and
674 (19.9%) were initiated on ATX in second-line therapy
(Figure S1).

Atthe index date, patients in the LDX cohort were ~2 years
younger than patients in the ATX cohort (31.5 versus
33.9 years; P<<0.001). Men comprised a little less than half
of the study sample (45.7%) and sex proportions were similar
between cohorts (P=0.137). The mean Charlson comorbidity
index score during the baseline period was similar between
the LDX cohort and the ATX cohort (0.154 versus 0.172;
P=0.366). During the baseline period, fewer patients in the
LDX cohort than in the ATX cohort had documented diag-
noses for mood disorders (25.9% versus 31.3%), adjustment
disorders (7.2% versus 10.5%), substance-related disorders
(4.8% versus 7.0%), hypertension (6.1% versus 9.6%),
and obesity (2.1% versus 3.7%; all P<<0.05) (Table 1;
Table S1).

During the study period, patients in the LDX cohort had
a higher mean adherence level to their index treatment than
patients in the ATX cohort. Results were consistent based
on both the PDC (0.48 versus 0.30) and MPR (0.51 versus
0.32), and both unadjusted and adjusted mean differences
were statistically significant. In particular, the adjusted
mean differences in adherence levels were 0.18 and 0.19
for the PDC and MPR, respectively (both P<<0.001). The
adjusted mean difference represents ~66 days of coverage
over a 12-month period or ~37.5% lower medication use
for ATX compared with LDX (data not shown). Similarly,
a greater proportion of patients in the LDX cohort than in
the ATX cohort were adherent to their index treatment dur-
ing the study period. Again, results were consistent for both
the PDC (23.4% versus 11.3%) and MPR (27.4% versus
13.1%). Both unadjusted and adjusted ORs were statistically
significant (all P<<0.001). After adjusting for differences in
characteristics between the cohorts, the probability of being
adherent (PDC =0.8) was 2.61 times higher (adjusted OR:
2.61,95% CI: 2.01-3.38) in the LDX cohort compared with
ATX cohort. Similarly, based on the MPR, the probability of
being adherent (MPR =0.8) was 2.73 times higher (adjusted
OR: 2.73,95% CI: 2.14-3.49) in the LDX cohort compared
with ATX cohort (Table 2).

The Kaplan—Meier estimate for treatment discontinua-
tion at month 12 was significantly lower for the LDX cohort
compared with ATX cohort (63.4% versus 84.6%; log-rank
test P<<0.001). A high proportion of patients in the LDX and
ATX cohorts (25.7% versus 44.2%; log-rank test P<<0.001)
discontinued their index treatment within the first month of
treatment initiation; that is, after only one prescription-fill for
some patients. Among patients with a treatment discontinu-
ation, most patients discontinued their treatment during the
first 3 months of the study period in both the LDX and ATX
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Table | Comparison of patient characteristics

Characteristic LDX, N=2,718 ATX, N=674 P-value

Demographics
Age on the index date, mean (SD), years 31.5(12.7) 33.9(134) <0.001®
Male, n (%) 1,224 (45.0) 325 (48.2) 0.137

Region in the USA, n (%)

Northeast 439 (16.2) 159 (23.6) <0.001*
Midwest 674 (24.8) 175 (26.0)

South 1,262 (46.4) 199 (29.5)

West 296 (10.9) 129 (19.1)

Unknown 47 (1.7) 12 (1.8)

Health plan, n (%)

Preferred provider organization 1,691 (62.2) 374 (55.5) <0.001*
Home maintenance organization 360 (13.2) 127 (18.8)

Point of service plan, without capitation 244 (9.0) 52(7.7)

Consumer-driven health plan 143 (5.3) 27 (4.0)

High-deductible health plan 60 (2.2) 9(1.3)

Comprehensive 34 (1.3) 11 (1.6)

Exclusive provider organization 28 (1.0) 5(0.7)

Point of service plan, with partial or full capitation 18 (0.7) 3 (0.4)

Unknown plan 140 (5.2) 66 (9.8)

Year of the index date, n (%)

2009 66 (2.4) 15(2.2) 0.817
2010 768 (28.3) 202 (30.0)
2011 1,129 (41.5) 270 (40.1)
2012 755 (27.8) 187 (27.7)

Charlson comorbidity index (CCI), mean (SD) 0.154 (0.591) 0.172 (0.622) 0.366
CCI =0, n (%) 2,428 (89.3) 594 (88.1) 0.371
CCl =1, n (%) 290 (10.7) 80 (11.9)

Mental comorbid conditions, n (%)°
Mood disorders 703 (25.9) 211 (31.3) 0.004*
Anxiety disorders 530 (19.5) 151 (22.4) 0.092
Adjustment disorders 197 (7.2) 71 (10.5) 0.005*
Substance-related disorders 131 (4.8) 47 (7.0) 0.025°
Sleep disorders 93 (3.4) 31 (4.6) 0.145

Physical comorbid conditions, n (%)°
Hypertension 167 (6.1) 65 (9.6) 0.001°
Chronic pulmonary disease 147 (5.4) 46 (6.8) 0.155
Hypothyroidism 119 (4.4) 27 (4.0) 0.670
Deficiency anemias 65 (2.4) 20 (3.0) 0.392
Obesity 57 (2.1) 25 (3.7) 0.015*
Diabetes, uncomplicated 58 (2.1) 16 (2.4) 0.703

Notes: Significant at the 5% level. No multiplicity adjustment was performed, and so the P-values need to be interpreted with caution; *only comorbid conditions with at
least 2% prevalence in both cohorts are reported; unless otherwise specified, all characteristics were measured during the 6-month baseline period.
Abbreviations: ATX, atomoxetine; LDX, lisdexamfetamine dimesylate; SD, standard deviation.

cohorts (59.6% and 73.2% of discontinuations, respectively).
After adjusting for differences in baseline patient character-
istics between cohorts, patients in the LDX cohort had a risk
of treatment discontinuation at month 12 that was 47% lower
(adjusted HR: 0.53, 95% CI: 0.48-0.59, P<<0.001) than for
patients in ATX cohort. Results were consistent at 1, 3, and
6 months (all P<<0.001) (Figure 1).

The Kaplan—Meier estimate for treatment add-on at
month 3 was significantly lower for the LDX cohort com-
pared with the ATX cohort (8.8% versus 11.4%; log-rank test

P<0.05). However, the Kaplan—Meier estimates were not
significantly different between cohorts at month 12 (25.7%
versus 24.9%; log-rank test P=0.297). Cox proportional-
hazards regression analysis yielded consistent results; after
adjusting for differences in characteristics between cohorts,
patients in the LDX cohort had a risk of treatment add-on at
month 3 that was 27% lower (adjusted HR: 0.73, 95% CI:
0.54-0.98) than that for patients in ATX cohort (P<<0.05),
but the HR was not statistically significant at month 12
(Figure 2).
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Adherent patients Unadjusted Adjusted

Adherent patients

Unadjusted Adjusted

Adherence level,
mean (SD)

LDX

Table 2 Comparison of treatment adherence

(MPR =0.8), n (%)

LDX

(PDC =0.8), n (%)

LDX

OR(95%Cl)  P-value OR(95%Cl)  P-value
(LDX/ATX)

(LDX/ATX)

ATX

ATX

P-value

Difference

Difference P-value

ATX

(LDX-ATX)

0.18
0.19

(LDX-ATX)

0.17
0.18

<0.001®
<0.001®

261 (2.01,3.38)
2.73 (2.14, 3.49)

<0.0012
<0.0012

241 (1.87,3.11)
2.52 (1.98, 3.20)

NA

NA

76 (11.3)

NA

637 (23.4)

NA

<0.0012
<0.0012

<0.001®
<0.001®

0.30 (0.28)
032 (0.31)

0.48 (0.32)

051 (0.35)

PDC

88 (13.1)

746 (27.4)

MPR

Notes: “Significant at the 5% level. No multiplicity adjustment was performed, and so the P-values need to be interpreted with caution.

Abbreviations: ATX, atomoxetine; Cl, confidence interval; LDX, lisdexamfetamine dimesylate; MPR, medication possession ratio; NA, not applicable; OR, odds ratio; PDC, proportion of days covered; SD, standard deviation.

The most commonly used drugs for add-on treatment in
the LDX cohort were short-acting AMPH (45.5% of LDX
patients receiving add-on treatment), long-acting AMPH
(21.9%), and short-acting MPH (11.8%); the most commonly
used drugs in the ATX cohort were short-acting AMPH
(23.5% of ATX patients receiving add-on treatment), long-
acting AMPH (21.0%), and LDX (19.8%) (Table S2).

A total of 3,363 patients (99.1% of the full sample) were
selected for the DACON analysis: 2,697 in the LDX cohort
and 666 in ATX cohort. A total of 13 patients were excluded
because they had incomplete information available about the
number of units dispensed or the number of days of supply,
and 16 patients were excluded because they had an extreme
DACON value (>10), suggesting data-entry errors. Over the
study period, patients in the LDX cohort had a mean DACON
of 1.10, with 94.2% of patients having a DACON equal to 1.
Patients in the ATX cohort had a mean DACON of 1.31,
with 74.6% of patients having a DACON equal to 1. After
adjusting for differences in baseline patient characteristics
between the cohorts, the likelihood of having a DACON
greater than 1 was 80% lower (adjusted OR: 0.20, 95% CI:
0.15-0.25) for patients in the LDX cohort compared with
those in ATX cohort. Both unadjusted and adjusted ORs were
statistically significant (both P<<0.001) (Table 3).

A subgroup of 2,794 patients (82.4%) were treated with
long-acting MPH in first-line therapy: 2,283 (81.7%) received
LDX as second-line therapy and 511 (18.3%) received ATX.
Findings were consistent with those of the core analysis, both
unadjusted and adjusted (Table S3).

Discussion

This retrospective cohort study of claims data compared
treatment outcomes between adults with ADHD treated
with either LDX or ATX in second-line therapy following
first-line therapy with MPH. The study showed that LDX
was associated with favorable treatment outcomes compared
with ATX during the 12-month period following the initia-
tion of second-line therapy. Specifically, patients treated with
LDX were more adherent to their second-line therapy and
had lower treatment discontinuation rates. Patients treated
with LDX also had a lower DACON compared with those
treated with ATX; however, ATX is indicated for both
once- or twice-daily dosing, while LDX is only indicated
for once-daily dosing. Finally, patients treated with LDX
were less likely to be prescribed an add-on ADHD treatment
during the first 3 months following the initiation of second-
line therapy, but no statistically significant differences were
found between the cohorts after 6 and 12 months. However,

396

submit your manuscript

Dove

Patient Preference and Adherence 2016:10


www.dovepress.com
www.dovepress.com
www.dovepress.com

Dove

Treatment outcomes in ADHD adults

Treatment discontinuation Month 1 Month 3 Month 6 Month 12
LDX patients who had a treatment 699 (25.7) 1,027 (37.8) 1,406 (51.7) 1,724 (63.4)
discontinuation, n (%)

ATX patients who had a treatment 298 (44.2) 417 (61.9) 521 (77.3) 570 (84.6)

discontinuation, n (%)

LDX, KM rates (95% CI)
ATX, KM rates (95% CI)

25.7 (24.1, 27.4)
44.2 (40.6, 48.1)

37.8(36.0, 39.6)
61.9 (58.2, 65.5)

51.7 (49.9, 53.6)
77.3(74.1, 80.4)

63.4 (61.6, 65.2)
84.6 (81.7, 87.2)

P-value <0.001* <0.001* <0.001* <0.001*
Unadjusted: LDX/ATX, HR (95% ClI) 0.56 (0.49, 0.65) 0.54 (0.48, 0.60) 0.52 (0.47, 0.58) 0.54 (0.49, 0.60)
P-value <0.001* <0.001* <0.001* <0.001*
Adjusted: LDX/ATX, HR (95% Cl) 0.56 (0.49, 0.65) 0.54 (0.48, 0.60) 0.52 (0.47, 0.58) 0.53 (0.48, 0.59)

P-value <0.001* <0.001* <0.001* <0.001*
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Figure | Kaplan-Meier estimates and hazard ratios for treatment discontinuation.

Notes: *Significant at the 5% level. No multiplicity adjustment was performed, so the P-values need to be interpreted with caution. Total number of LDX patients, N=2,718;

Total number of ATX patients, N=674.

Abbreviations: ATX, atomoxetine; Cl, confidence interval; KM, Kaplan—Meier; LDX, lisdexamfetamine dimesylate; HR, hazard ratio.

given that patients were censored at treatment discontinua-
tion and that ~63% and 85% of the LDX and ATX cohorts,
respectively, discontinued their therapy over the study period,
the number of patients at risk of treatment add-on might not
have been sufficient to detect significant differences over
the 12-month study period. The difference in add-on rates
observed over the first 3-month period may be explained by
the fact that ATX can require 4-6 weeks of treatment before
significant improvements in symptom control are seen.™
Thus, physicians are more likely to prescribe another treat-
ment in combination with ATX. All of the analyses were
replicated among a subgroup of patients treated with either
long-acting or osmotic-release oral system MPH in first-line
therapy, and the findings for these subgroup analyses were
consistent with those of the core analyses. According to

a recent systematic literature review conducted by Gajria
et al,*? there is little research regarding treatment outcomes
(eg, adherence, discontinuation, add-on, DACON) in adults
with ADHD. Nonetheless, a few studies have investigated
different treatment outcomes among adults with ADHD
receiving different therapies for the treatment of ADHD,
including, among others, LDX and ATX.*"***% The find-
ings of the current study are generally consistent with the
results from those previous studies. However, as opposed
to the current study, patients from the previous studies were
not necessarily treated with MPH in first-line therapy and
could have received several lines of therapy prior to the
index date.

In 2013, Setyawan et al*’ reported that adult patients
treated with LDX in second or later lines of therapy were
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Treatment add-on Month 1 Month 3 Month 6 Month 12
LDX patients who had a treatment add-on, n (%) 94 (3.5) 198 (7.3) 312 (11.5) 424 (15.6)
ATX patients who had a treatment add-on, n (%) 39 (5.8) 59 (8.8) 69 (10.2) 81 (12.0)
LDX, KM rates (95% CI) 3.5(2.9,4.3) 8.8 (7.7,10.1) 16.1 (14.5, 17.9) 25.7 (23.5, 28.1)
ATX, KM rates (95% Cl) 6.0 (4.4,8.1) 11.4 (8.8, 14.7) 16.1 (12.5, 20.5) 24.9 (19.5, 31.5)
P-value 0.004* 0.017* 0.192 0.297
Unadjusted: LDX/ATX, HR (95% Cl) 0.58 (0.40, 0.85) 0.70 (0.53, 0.94) 0.84 (0.65, 1.09) 0.88 (0.69, 1.12)
P-value 0.005* 0.018* 0.192 0.297
Adjusted: LDX/ATX, HR (95% ClI) 0.63 (0.43, 0.92) 0.73 (0.54, 0.98) 0.87 (0.67, 1.14) 0.92 (0.72,1.17)
P-value 0.018* 0.038* 0.304 0.490
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Figure 2 Kaplan—Meier estimates and hazard ratios for treatment add-on.

Notes: *Significant at the 5% level. No multiplicity adjustment was performed, so the P-values need to be interpreted with caution. Total number of LDX patients, N=2,718;

Total number of ATX patients, N=674.

Abbreviations: ATX, atomoxetine; Cl, confidence interval; KM, Kaplan—Meier; LDX, lisdexamfetamine dimesylate; HR, hazard ratio.

more adherent to their treatment than those treated with
ATX. The Setyawan et al*’ study and the current study
found similar adherence levels, with a mean PDC in the
LDX cohort of 0.48 in both studies, and a mean PDC in
the ATX cohort of 0.31 in the Setyawan study and 0.30 in
the current study. In both studies, patients receiving LDX
were ~50%—60% more adherent than those receiving ATX,
and more than twice as likely to be adherent (defined as
PDC =0.8 in both studies). Although reasons for treat-
ment nonadherence are not available in claims databases,
low treatment adherence is known to be problematic in
patients with ADHD due to many reasons,* such as dosing
inconvenience and patients’ perception that the treatment
is not needed. The extent of nonadherence warrants atten-
tion, since medication effectiveness and benefits rely on
patients’ adherence.?®

The treatment discontinuation findings of the current
study were also consistent with those reported in previ-
ously published studies,*4>543 presenting consistently high
discontinuation rates (or low persistence). A study from van
den Ban et al*® evaluated the discontinuation of MPH and
ATX among adult patients from the Netherlands and found
that 80% of patients treated for ADHD discontinued their
therapy (treatment gap of at least 90 days) within 12 months
after initiation. Another study by Hodgkins et al** conducted
among patients newly treated with long-acting stimulants or
ATX also found high discontinuation rates in adult patients
receiving LDX or ATX; the median time to discontinuation
(50% of patients who discontinued) was 3.9 months among
patients treated with LDX and 2.5 months among those
treated with ATX. In a recent systematic literature review,
Gajria et al*? also concluded that adults with ADHD had high
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Table 3 Comparison of DACON

LDX, ATX,
N=2,697 N=666
DACON®, mean (SD) 1.10 (0.77) 1.31 (0.82)
DACON =I, n (%) 2,540 (94.2) 497 (74.6)
DACON =2, n (%) 122 (4.5) 155 (23.3)
DACON =3, n (%) 17 (0.6) 7(1.1)
DACON =4, n (%) 1 (0.0) 3 (0.5)
DACON =5, n (%) 17 (0.6) 4 (0.6)
Patients with a DACON > |
n (%) 157 (5.8) 169 (25.4)
Unadjusted OR (95% Cl): LDX/ATX  0.18 (0.14, 0.23)
P-value <0.001*
Adjusted OR (95% Cl): LDX/ATX 0.20 (0.15, 0.25)
P-value <0.001®

Notes: *Significant at the 5% level. No multiplicity adjustment was performed, and
so the P-values need to be interpreted with caution. ®DACON value was rounded
to the unit.

Abbreviations: ATX, atomoxetine; Cl, confidence interval; DACON, daily average
consumption; LDX, lisdexamfetamine dimesylate; OR, odds ratio; SD, standard
deviation.

treatment discontinuation rates, and reported that the main
reasons for treatment discontinuation were adverse events
and ineffectiveness/suboptimal response.

Few studies have analyzed add-on treatment in adult
patients with ADHD treated with LDX and ATX. A recent
study from Setyawan et al** compared the add-on treatment
rates in adult patients with ADHD treated with LDX and
other commonly prescribed stimulants in second or later
lines of therapy. Over a 12-month period, the authors found
that 20% of patients treated with LDX received an add-on
treatment, and that patients treated with LDX had lower
or nonsignificantly different add-on treatment rates com-
pared with those treated with other commonly prescribed
stimulants. However, the results from this previous study
cannot be directly compared with those from the current
study as treatment add-on rates were not assessed for
patients treated with ATX and the authors used a slightly
different definition of treatment add-on (ie, concomitant
use of the index treatment and another ADHD medication
for at least 28 days), which could also include treatment
combinations.

Finally, DACON:S in patients treated with LDX and ATX
reported in a recent study by Hodgkins et al** were consistent
with those from the current study. Hodgkins et al** analyzed
the DACON of adult patients with ADHD newly treated with
long-acting stimulants or ATX, and found a DACON of 1.06 in
patients treated with LDX and 1.32 in patients treated with ATX,
compared with 1.10 and 1.31, respectively, in the current study.

In summary, although previous studies®’3%42455 and the
current study had slightly different cohorts and outcome

definitions, findings were fairly consistent in terms of their
direction and magnitude. Overall, the results from the dif-
ferent studies showed that adult patients with ADHD treated
with LDX experienced better treatment outcomes (based on
treatment adherence, discontinuation, add-on, and DACON)
compared with those treated with ATX.

This study provides a comprehensive comparison of
treatment adherence, discontinuation, add-on, and DACON
in adults with ADHD. This study confirms and reinforces the
findings from previous studies with recent data by reporting
consistent results, even though the current study was con-
ducted with a slightly different population — that is, patients
treated with either LDX or ATX in second-line therapy fol-
lowing the use of MPH in first-line therapy. Although several
treatment options are available in the US for the treatment of
adults with ADHD, few medications are licensed or available
in Europe. A systematic literature review on the treatment
options for adults with ADHD in Europe concluded that
there is a lack of pharmacologic treatment options for this
population, resulting in some patients being untreated or
suboptimally treated.* For instance, while both MPH and
AMPH are commonly prescribed in first-line therapy in the
US,* MPH remains the only first-line agent recommended by
the European guidelines at this time.* The current study was
performed on a US sample because of the unavailability of a
large, real-world sample from European countries with adult
ADHD patients treated with LDX. However, recent studies
have shown that adult patients with ADHD from North
America and Europe have similar demographic and disease
characteristics, suggesting that outcomes from both popula-
tions may be similar.’*>” Therefore, the conclusions from
the current study may also apply to a European population.®
While this study may inform practice in Europe, further
research is warranted to confirm the consistency of the find-
ings in a European population.

Limitations

The present study is subject to some limitations. First,
claims databases do not record disease severity, reasons
for treatment nonadherence, or treatment changes, and
other factors, such as patient lifestyle, education, occu-
pation, or preference for stimulant versus nonstimulant
medications, or physician prescribing behaviors, which
can vary across patients and impact treatment outcomes.
Information on patient symptoms and functional outcomes
is also not available in claims databases. Therefore, treat-
ment efficacy and patient symptoms were not assessed in
the current study.
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Second, while multivariate models were applied to
adjust for observed differences in characteristics between
cohorts (eg, the ATX cohort had a higher prevalence of
some comorbidities compared with the LDX cohort), some
differences may have remained after multivariate regression
adjustments, and differences in patients’ profiles can still
exist for unobserved characteristics and impact the outcome
comparisons between cohorts. For instance, patients’ or
physicians’ subjective preferences for stimulants versus
nonstimulants might have impacted the cohort classification
and treatment outcomes.

Third, claims databases are subject to coding errors, data
omissions, and other misclassifications. However, these
errors are unlikely to alter the conclusions, as they would be
expected to affect both cohorts to a similar extent. Fourth,
treatment outcomes were assessed based on the prescrip-
tion filled; actual patient medication consumption could not
be confirmed. Fifth, the current study focused on a broad
sample of patients treated in the second-line with either
LDX or ATX following MPH, but did not assess patients’
specific treatment patterns or patients’ cumulative exposure
to MPH before initiating a second-line treatment, which may
have impacted the outcome comparison between cohorts.

Finally, the current study focused on ADHD-indicated
treatments in the US (with the exception of guanfacine and
clonidine immediate release). However, previous studies on
children and adolescents with ADHD have shown that the use
of off-label treatment, such as antipsychotics, is common, >
which may have impacted some treatment outcomes, such
as add-on treatment rates.

Conclusion

In conclusion, this study showed that patients treated with
LDX in second-line therapy following treatment with MPH
had higher treatment adherence, lower treatment discon-
tinuation rates, and lower DACON compared with patients
treated with ATX. Further research is needed to confirm the
symptomatic and functional changes that might drive these
treatment outcomes.
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Supplementary materials

Patients who were diagnosed with ADHD
N=1,643,367

|

Patients who were initiated on MPH first-line therapy
N=575,310 (35.0%)

.

prior to the initiation of MPH in first-line therapy
N=204,947 (35.6%)

Patients who were continuously enrolled in their health care plans for at least 6 months

!

on or after February 23, 2007
N=23,311 (11.4%)

Patients who were initiated on either ATX or LDX in a second-line therapy

v

N=12,680 (54.4%)

Patients who were continuously enrolled in their health care plans for at least 12 months
following the initiation of either ATX or LDX in second-line therapy (index date)

.

N=3,392 (26.8%)

Patients who were at least 18 years old at the time of the index date

!

|

Patients who were initiated on LDX
N=2,718 (80.1%)

Figure S1 Sample selection flow chart.

Abbreviations: ADHD, attention-deficit/hyperactivity disorder; MPH, methylphenidate; ATX, atomoxetine; LDX, lisdexamfetamine dimesylate.

Patients who were initiated on ATX
N=674 (19.9%)

Table S1 Comparison of additional comorbid conditions

Comorbid conditions LDX patients, N=2,718 ATX patients, N=674 P-value
Mental comorbid conditions, n (%)
Disorders usually first diagnosed in infancy, childhood, or adolescence 29 (1.1) Il (1.6) 0.224
Delirium, dementia, and amnestic and other cognitive disorders 38 (1.4) 12 (1.8) 0.461
Substance-related disorders 131 (4.8) 47 (7.0) 0.025°
Schizophrenia and other psychotic disorders 11 (0.4) 8 (1.2) 0.015°
Mood disorders 703 (25.9) 211 (31.3) 0.004*
Anxiety disorders 530 (19.5) 151 (22.4) 0.092
Somatoform disorders 9(0.3) 1 (0.1) 0.433
Factitious disorders 0 (0.0) 0 (0.0) NA
Dissociative disorders 1 (0.0) 0 (0.0) NA
Sexual and sex identity disorders 40 (1.5) 10 (1.5) 0.982
Eating disorders 13 (0.5) 5(0.7) 0.399
Sleep disorders 93 (3.4) 31 (4.6) 0.145
Impulse-control disorders not elsewhere classified 7 (0.3) 6 (0.9) 0.0172
Adjustment disorders 197 (7.2) 71 (10.5) 0.005*
Personality disorders (Axis Il) 10 (0.4) 4 (0.6) 0414
Other conditions that may be a focus of clinical attention 135 (5.0) 52 (7.7) 0.005*
Physical comorbid conditions, n (%)
Congestive heart failure 0 (0.0) 1 (0.1) NA
Valvular disease 25 (0.9) 3(04) 0.223
Pulmonary circulation disorders 2 (0.1) 2 (0.3) 0.131
(Continued)
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Table S| (Continued)

Comorbid conditions

LDX patients, N=2,718

ATX patients, N=674 P-value

Peripheral vascular disorders

Hypertension (uncomplicated and complicated)

Paralysis

Other neurologic disorders

Epilepsy

Chronic pulmonary disease

Diabetes, uncomplicated

Diabetes, complicated

Hypothyroidism

Renal failure

Liver disease

Peptic ulcer disease, excluding bleeding
Acquired immune deficiency syndrome
Lymphoma

Metastatic cancer

Solid tumor, without metastasis

Rheumatoid arthritis/collagen vascular diseases

Coagulopathy

Obesity

Weight loss

Fluid and electrolyte disorders
Blood loss anemia

Deficiency anemias

2(0.1)
167 (6.1)
3(0.1)
56 (2.1)
13 (0.5)
147 (5.4)
58 (2.1)
7(03)
119 (4.4)
3(0.1)
16 (0.6)
0(0.0)
9(0.3)
3(0.1)
3(0.1)
18 (0.7)
37 (1.4)
12 (0.4)
57 (2.1)
29 (1.1)
25 (0.9)
2(0.1)
65 (2.4)

2(03)
65 (9.6)
0(0.0)
24 (3.6)
5(07)
46 (6.8)
16 (2.4)
5(07)
27 (4.0)
0(0.0)
3(0.4)
0(0.0)
2(0.3)
2(0.3)
1.1
6 (0.9)
13 (1.9)
0(0.0)
25 3.7)
6 (0.9)
10 (1.5)
1(.1)
20 (3.0)

0.131
0.001°
NA
0.022°
0.399
0.155
0.703
0.058
0.670
NA
0.655
NA
0.888
0.259
0.797
0.527
0.274
NA
0.015°
0.684
0.195
0.559
0.392

Notes: “Significant at the 5% level. No multiplicity adjustment was performed, and so the P-values need to be interpreted with caution.
Abbreviations: ATX, atomoxetine; LDX, lisdexamfetamine dimesylate; NA, not applicable.

Table S2 Drugs used for add-on treatment

Drug used for add-on treatment

LDX patients who had a
treatment add-on (N=424)

ATX patients who had a
treatment add-on (N=81)

LDX

ATX

MPH SA

MPH LA

OROS MPH

AMPH SA

AMPH LA

Guanfacine (extended and immediate release)
Clonidine (extended and immediate release)

NA
19 (4.5)
50 (11.8)
41 (9.7)
14 (3.3)
193 (45.5)
93 (21.9)
17 (4.0)
7(1.7)

16 (19.8)
NA

9 (I1.1)
15 (18.5)
2 (2.5)
19 (23.5)
17 (21.0)
2 (2.5)

2 (2.5)

Notes: Frequencies are not mutually exclusive. Patients could have a treatment add-on with more than one drug. Data shown as n (%).
Abbreviations: AMPH, amphetamine; ATX, atomoxetine; LA, long-acting; LDX, lisdexamfetamine dimesylate; MPH, methylphenidate; NA, not applicable; OROS, osmotic-release

oral system; SA, short-acting.
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Table S3 Selected findings for subgroup analysis

Total number of patients in each group LDX, N=2,283 ATX, N=511
Treatment adherence, PDC =0.8
Adherent patients, n (%) 544 (23.8) 57 (11.2)
Unadjusted OR (95% Cl): LDX/ATX 2.49 (1.86, 3.34)
P-value <0.001*
Adjusted OR (95% Cl): LDX/ATX 2.70 (2.01, 3.65)
P-value <0.001®
Treatment discontinuation after |2 months
Patients with a treatment discontinuation, n (%) 1,428 (62.5) 434 (84.9)
Unadjusted HR (95% Cl): LDX/ATX 0.52 (0.47, 0.58)
P-value <0.001®
Adjusted HR (95% Cl): LDX/ATX 0.51 (0.46, 0.57)
P-value <0.001®
Treatment add-on after 3 months
Patients with a treatment add-on, n (%) 161 (7.1) 44 (8.6)
Unadjusted HR (95% Cl): LDX/ATX 0.68 (0.48, 0.95)
P-value 0.022*
Adjusted HR (95% Cl): LDX/ATX 0.70 (0.49, 0.98)
P-value 0.0372
Treatment add-on after 12 months
Patients with a treatment add-on, n (%) 343 (15.0) 61 (11.9)
Unadjusted HR (95% Cl): LDX/ATX 0.83 (0.63, 1.10)
P-value 0.191
Adjusted HR (95% Cl): LDX/ATX 0.86 (0.65, 1.14)
P-value 0.303
Subgroup of patients with complete information about the number LDX, N=2,267 ATX, N=504
of units dispensed and number of days of supply
Patients with a DACON >1, n (%) 131 (5.8) 132 (26.2)
Unadjusted OR (95% Cl): LDX/ATX 0.17 (0.13, 0.23)
P-value <0.0012
Adjusted OR (95% Cl): LDX/ATX 0.19 (0.14, 0.24)
P-value <0.001®

Notes: *Significant at the 5% level. No multiplicity adjustment was performed, and so the P-values need to be interpreted with caution.
Abbreviations: ATX, atomoxetine; Cl, confidence interval; DACON, daily average consumption; HR, hazard ratio; LDX, lisdexamfetamine dimesylate; OR, odds ratio;

PDC, proportion of days covered.
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