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ABSTRACT

Introduction: Adalimumab (ADA) is a tumor
necrosis factor (TNF)-alpha inhibitor indicated
for the treatment of inflammatory autoimmune
diseases, including ankylosing spondylitis (AS).
Patients receiving ADA in Canada are eligible to
enroll in the AbbVie CareTM patient support
program (AC-PSP), which provides personalized

services, including care coach calls (CCCs). We
estimated the likelihood of controlled disease in
a cohort of AS patients treated with ADA
enrolled in the AC-PSP and who received CCCs
versus those who did not.
Methods: A longitudinal analysis using de-
identified aggregate-level data collected
through the AC-PSP was performed. A proba-
bilistic matching algorithm was used to link
patient-level records from the AC-PSP database
to records from the QuintilesIMS longitudinal
prescription transactions database. Patients
were indexed on the date of their first pre-
scription of ADA between January 2010 and
October 2015. The AC-PSP database included
patient assessments of the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI), a
measure of disease activity. Eligible patients had
a baseline BASDAI assessment performed
between 90 days before and 30 days after the
index date, and a follow-up BASDAI assessment
6–18 months later. Poisson regression was used
to estimate the adjusted relative risk (RR) of
controlled disease (BASDAI\ 4) at the time of
follow-up, comparing patients who received
CCCs with those who did not.
Results: In total 249 AS patients met eligibility
criteria, and 123 (49%) received CCCs. Of the
249 patients, 184 (74%) had controlled disease
(BASDAI\4) at follow-up assessment, 98 (80%)
in the CCC group and 86 (68%) in the no CCC
group. Multivariable regression analysis
demonstrated a 23% increased likelihood of
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controlled disease in patients who received
CCCs relative to those who did not (RR = 1.23;
95% confidence interval, 1.06–1.42;
p = 0.0055).
Conclusion: AS patients receiving tailored ser-
vices through the AC-PSP in the form of CCCs
have an increased likelihood of controlled dis-
ease within 6–18 months.
Funding: AbbVie

Keywords: Adalimumab; Ankylosing
spondylitis; Biologics; Care coach calls;
Inflammatory autoimmune diseases; Patient
support program

INTRODUCTION

Ankylosing spondylitis (AS) is a chronic, pro-
gressive inflammatory disease that primarily
affects the axial skeleton, leading to inflamma-
tion of the sacroiliac joint, spine, and entheses
[1]. Long-term functional impairment and dis-
ability in patients with AS have been shown to
reduce quality of life and increase the risk of
comorbid conditions [2]. The onset of AS is
typically in the second or third decade of life,
imposing an impact on the most productive
years of afflicted individuals [3]. In support of
this, recent systematic reviews on the economic
impact of AS have shown that the indirect costs
are much higher than direct healthcare resource
use in patients with AS, and the main cost driver
in AS is represented by decreased physical
function [4, 5]. The physical function impair-
ment in AS is independently determined by
patient-reported disease activity and the level of
structural damage of the lumbar and cervical
spine [6]. The recent AS management guidelines
recommend disease monitoring with a broad
variety of assessments, including patient-re-
ported outcomes, such as the Bath Ankylosing
Spondylitis Disease Activity Index (BASDAI) [7].
The BASDAI is used to assess disease activity of
patients with AS, which allows a healthcare
practitioner to determine the effectiveness of a
current drug therapy or the need to institute a
new drug therapy for the treatment of AS [8, 9].

Although non-steroidal anti-inflammatory
drugs (NSAIDs) remain first-line agents for the
treatment of AS, tumor necrosis factor (TNF)
antagonists, including adalimumab (ADA),
have been highly effective agents for the treat-
ment of patients who have active AS, despite
NSAID treatment [10]. Both short-term and
long-term clinical studies have demonstrated
the efficacy and safety of TNF antagonists in
patients with AS [10]. However, poor persis-
tence with and non-adherence to treatment
with biologics can undermine the effectiveness
of these medications [11, 12]. Considering the
high rates ([40%) of non-adherence observed
with chronic TNF antagonist treatment [12], it
is necessary to explore approaches to improve
patient adherence.

Patient support program (PSP) services, such
as nursing services, medication management
and counseling, and co-pay assistance, have
been shown to have a positive impact on med-
ication adherence, and clinical and humanistic
outcomes, and are also instrumental in reduc-
ing the healthcare utilization and costs associ-
ated with the management of AS [13]. Hence,
PSPs have been proposed to educate and
empower patients in order to improve adher-
ence, reduce cost, and improve both treatment
satisfaction and outcomes by encouraging
effective interaction between caregivers and
patients [13].

AbbVie Inc. (St. Laurent, QC, Canada) offers
a unique AbbVie CareTM PSP (AC-PSP) (https://
www.abbviecare.ca/) for patients across all
approved indications for ADA, and was also
referred to as PROGRESS when it was initially
implemented. Components of AC-PSP include
patient education, injection training, delivery
and disposal of supplies, financial assistance,
patient reminders, and direct contact with
trained registered nurses known as wellness case
managers (WCMs) [14]. The AC-PSP also records
clinical outcome measures, such as BASDAI
scores, for reimbursement support, which is
provided to insurers if required for initial and/or
ongoing approval for ADA. In addition, the AC-
PSP services include care coach calls (CCCs)
before the start of ADA therapy (initial CCC), as
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well as during therapy (ongoing CCCs). The AC-
PSP services are intended to improve the overall
patient experience with ADA treatment, to
improve persistence and adherence to therapy,
and to ultimately improve treatment outcomes.

A previous study by our group demonstrated
increased persistence and adherence to ADA
over a 12-month period in patients enrolled in
the AC-PSP and receiving CCCs in comparison
to patients who did not receive CCCs. The
objective of this study was to compare the
likelihood of achieving controlled disease state,
as defined by the BASDAI score, in a cohort of
AS patients enrolled in the AC-PSP who received
CCCs versus those who did not receive CCCs.

METHODS

Study Design and Study Population

A longitudinal retrospective analysis of patients
receiving ADA in Canada and enrolled in the
AC-PSP was conducted. Patients were included
if they were enrolled in the AC-PSP and (i) were
18 years of age or older; (ii) had a diagnosis of
AS, as documented in the AC-PSP; (iii) had their
first prescription of ADA filled between January
2010 and October 2015 (index period); (iv) had
their initial BASDAI assessment performed
between 90 days before and 30 days after the
index date; and (v) had a follow-up BASDAI
assessment 6–18 months after the initial assess-
ment (Fig. 1).

Data Sources and Data Linkage

The retrospective data collected in the Cana-
dian AC-PSP database as part of regular opera-
tions were used for the analysis. The database
contains information on patients treated with
ADA who were enrolled in the AC-PSP, includ-
ing patient-level details, such as patient demo-
graphics, services rendered, patient diagnoses,
and treating physician information. In addi-
tion, clinical assessments, including BASDAI
scores, were collected, as they are often required
by insurers for initial reimbursement approval
and ongoing reimbursement.

The AC-PSP database does not capture pre-
scription fill patterns. Therefore, a subcohort of
patients with confirmed persistence on ADA
was created using the QuintilesIMS Canadian
prescription data (LRx). Persistence was defined
as not exceeding a gap in days’ supply of
ADA[90 days. Days’ supply refers to the
number of days the supply of dispensed medi-
cation will last. The LRx database captures de-
identified patient-level prescription data col-
lected from retail pharmacies across Canada
(with the exception of British Columbia, due to
privacy laws), and contains approximately 200
million prescriptions for more than 20 million
patients, representing a capture of 75% of pre-
scriptions nationally [15, 16].

A probabilistic matching algorithm was used
to link patient-level records from the AC-PSP
database to records from the LRx database [17].

Fig. 1 Schematic representation of study design. Patients
were selected if they had their first BASDAI assessment
made during a period starting 90 days before and ending
30 days after the date of index, and had a subsequent

BASDAI assessment made in a period beginning 180 days
after and ending 545 days (6–18 months) after the
baseline assessment
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This rule-based record linkage retrieves unique
patients across the two datasets by finding
matches using a combination of multiple com-
mon data variables. The data linkage allowed
for the study of the association between services
and interactions provided through AC-PSP and
real-world patient utilization. This methodol-
ogy was validated externally; the positive pre-
dictive value of the algorithms ranged from
95.84% to 99.77%, indicating a low rate of false
positives [14].

None of the patients analyzed had their
identity or medical records disclosed for the
purposes of this study, and only anonymized
patient-level data were accessed. Because no
identifiable protected health information was
extracted or accessed during the course of this
study, no institutional review board review or
approval was required.

AbbVie CareTM Patient Support Program
Description and Implementation

AbbVie implemented the AC-PSP to provide
comprehensive reimbursement assistance,
injection services, and patient educational and
adherence support. One of the features of the
program is the CCC made to patients before
they initiate treatment with ADA, and periodi-
cally over the course of therapy. Specifically,
some patients received CCCs with a registered
and specialized nurse (a WCM). The CCCs were
first implemented in 2013. When the CCC ser-
vice was launched, it was provided to all exist-
ing and new patients [14].

Study Outcomes

The primary outcome of interest was the likeli-
hood of controlled disease as defined by the
BASDAI score [8], which was categorized as
controlled (\4) and uncontrolled disease (C 4)
at the time of the follow-up BASDAI assessment
(i.e., after 6–18 months). BASDAI assessments
were administered independently of the CCC
service described above, and did not impact the
services provided to the patient. For each
patient, the initial BASDAI assessment was

made in the period between 90 days before and
at most 30 days after the date of index. This
time period allowed capture of the initial BAS-
DAI assessment before the full therapeutic effect
of ADA was noted while allowing for flexibility
in the first BASDAI date. A follow-up BASDAI
assessment was made between 6 and 18 months
after the baseline assessment for each patient. If
multiple BASDAI assessments were collected
during this period, the BASDAI assessment
closest to the 12-month mark was utilized. The
follow-up BASDAI assessment was used as the
primary endpoint, and served as both an
appropriate time frame for ADA efficacy
response in patients with AS, and is commonly
used by Canadian insurers to assess continuous
biologic therapy efficacy [2, 18]. BASDAI
assessments were performed by a healthcare
practitioner, usually a nurse, rheumatologist, or
a WCM, to determine the effectiveness of ADA
therapy for the treatment of AS, as these
assessments are often required by insurers for
reimbursement purposes.

Statistical Analysis

Poisson regression with robust error variance
was used to determine the adjusted relative risk
(RR) of controlled disease state (BASDAI
score\4) at the follow-up BASDAI assessment
for patients who received CCCs in comparison
to patients who did not receive CCCs. All
regression analyses were adjusted for con-
founders, including patient age group, sex,
region, prior biologic use, baseline disease
severity category (initial BASDAI assessment),
and days lapsed between BASDAI assessments.
Covariates were selected on the basis of the
theoretical plausibility of the variable as a con-
founder of the association between receiving
CCCs/not receiving CCCs and the likelihood of
controlled disease [19], and from previous
analyses determining confounders [14].
p\0.05 was considered statistically significant.
Data extraction and statistical analyses were
conducted using SAS version 9.3 (SAS Institute
Inc., Cary, NC, USA).
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RESULTS

Patient Population Characteristics

A total of 4065 patients were identified from the
AC-PSP database with an AS diagnosis and
BASDAI scores on file. Of these patients, 1441
patients were linked with the LRx database. Of
the linked patients, 249 were persistent on ADA
and had BASDAI scores in the required time
frames (Fig. 2). Demographic and clinical char-
acteristics of the linked and persistent cohort
are shown in Table 1. Of the 249 patients, 123
(49%) received CCCs and 126 (51%) did not
receive CCCs. No significant differences were
observed between the groups with respect to
sex, age, region, and days lapsed between BAS-
DAI assessments. Most patients were men
(59%), were 30 to 39 years of age (26%), and
lived in Quebec (57%). Comparison of clinical
factors between patients who received CCCs
and patients who did not receive CCCs revealed
statistically significant differences in biologic-
naı̈ve status (p = 0.0421), initial BASDAI assess-
ment category (p = 0.0280), and disease control
state at follow-up BASDAI assessment
(p = 0.0050). At follow-up BASDAI assessment,
80% of patients (n = 98) who received CCCs
experienced disease control state in comparison
to 68% of patients (n = 86) who did not receive
CCCs (p = 0.0050).

Multivariable Regression Analysis

After adjustment for age, sex, region, biologics-
naı̈ve status, disease control status at baseline,
and number of days between assessments, CCCs
were associated with an increased probability of
controlled disease state (RR, 1.23; 95% CI
1.06–1.42; p = 0.0055). Patients who received
CCCs had a 23% increase in the probability of
controlled disease state at follow-up BASDAI
assessment, between 6 and 18 months after the
baseline assessment (Table 2).

DISCUSSION

This retrospective real-word analysis demon-
strated that patients with AS who were persis-
tent on ADA and received coaching
consultations as part of the AC-PSP had
increased likelihood of controlled disease as
determined by the BASDAI assessment versus
those patients who were persistent on ADA, but
did not receive this coaching service. Specifi-
cally, multivariable regression analysis demon-
strated that patients with AS who received
coaching had a 23% increased likelihood of
controlled disease within 6–18 months in a
persistent cohort of patients.

Our results are in line with those of Van den
Bosch and colleagues [20] who previously

Fig. 2 Patient selection criteria for linked cohort

Rheumatol Ther (2018) 5:75–85 79



Table 1 Patients’ demographics and clinical characteristics

Patient characteristics All patients CCCs No CCCs p value
n (%) n (%) n (%)

Total patients

N (%) 249 (100) 123 (49) 126 (51)

Sex 0.32

Male 146 (59) 71 (58) 75 (60)

Female 103 (41) 52 (42) 51 (40)

Age group (years) 0.29

18–29 52 (21) 26 (21) 26 (21)

30–39 65 (26) 30 (24) 35 (28)

40–49 58 (23) 29 (24) 29 (23)

50–59 45 (18) 25 (20) 20 (16)

60–69 22 (9) 10 (8) 12 (10)

C 70 7 (3) 3 (2) 4 (3)

Biologic history 0.04

Yes 49 (20) 22 (18) 27 (21)

No 200 (80) 101 (82) 99 (79)

Region 0.23

Ontario 84 (34) 54 (44) 30 (24)

Québec 142 (57) 62 (50) 80 (63)

East 15 (6) 7 (6) 8 (6)

Unknown 8 (3) 0 (0) 8 (6)

Disease control at baseline (initial BASDAI) 0.02

Controlled 5 (2) 1 (1) 4 (3)

Not controlled 244 (98) 122 (99) 122 (97)

Initial BASDAI score Mean (SD)

6.9 (1.6) 6.9 (1.5) 6.8 (1.6) \0.0001

Days Lapsed between BASDAI assessments Median (IQR) 0.40

345 (138) 340 (121) 361 (170)

Disease control (follow-up BASDAI) 0.0050

Controlled 184 (74) 98 (80) 86 (68)

Not controlled 65 (26) 25 (20) 40 (32)
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evaluated the effectiveness of ADA in the con-
text of PSP utilization in the PASSION study
among patients with rheumatoid arthritis,
which showed that patients with rheumatoid
arthritis who participated in the PSP achieved
an overall significantly greater improvement in
clinical, functional, and patient-reported out-
comes when compared with patients who did
not participate in the PSP. Similarly, Marshall
and colleagues assessed a cohort of patients
with Crohn’s disease treated with ADA who
were enrolled in an ADA PSP and compared the
likelihood of achieving a Harvey–Bradshaw
index remission between those who received
CCCs versus those who did not receive CCCs
[21]. This study demonstrated a 17% increased
likelihood of achieving remission in a cohort of
patients with Crohn’s disease known to be per-
sistent to therapy receiving CCCs relative to
those patients who did not (RR, 1.17; 95% CI
1.03–1.34; p = 0.0192).

Our study has several implications. The
study results showed significant associations in
improvements in patient-reported outcomes in
patients with AS treated with ADA who partic-
ipated in the AC-PSP, and who received tailored
services in the form of continuous CCCs within
18 months. Improved disease control suggests
that ADA therapy, in addition to AC-PSP par-
ticipation, may lead to meaningful improve-
ments in longer-term health outcomes of
patients with AS through better medication
adherence. This is in-line with previous findings
from our group which demonstrated a positive

association between ongoing CCCs and patient
persistence and adherence to ADA over the first
12 months of observation. Specifically, patients
receiving CCCs were found to have 72%
decreased risk of therapy discontinuation
(HR = 0.282, p\0.0001), and greater odds of
being adherent (OR = 1.483, p\ 0.0001) when
compared to those patients who did not receive
CCCs. Treatment initiation abandonment rate
was also significantly higher in patients who did
not receive initial CCCs (p\ 0.0001) [14]. Sec-
ond, in view of these significant associations in
improved clinical and functional outcomes,
further refining PSPs can help patients and
healthcare professionals better manage disease
and optimize treatment regimens. These data
should also encourage physicians to enroll
patients in PSPs for such inflammatory condi-
tions, and should encourage developers to fur-
ther invest in and refine PSPs to help patients,
beyond providing medications. There are also
associated economic implications of improved
disease control status, including healthcare
utilization and use of healthcare professionals’
time and work productivity [22, 23]. To our
knowledge, the CCC is the first example of a
patient-centric service that was associated with
improved clinical outcomes: patients with AS
who received CCCs had a 23% increased likeli-
hood of achieving a controlled disease state.
Consequently, more patients with AS with
controlled disease may equate to reduced
healthcare utilization, thereby reducing costs
for providers, insurers, employers, and patients

Table 1 continued

Patient characteristics All patients CCCs No CCCs p value
n (%) n (%) n (%)

Follow-up BASDAI score Mean (SD)

2.8 (2.0) 2.6 (1.9) 3.0 (2.0) \0.0001

Comparison of characteristics between groups was performed using the t test for normally distributed values and the
Wilcoxon rank sum test for non-normally distributed data
The v2 test was used for comparison of categorical data, unless expected cell counts were\ 5, in which case the Fisher exact
test was used
BASDAI Bath Ankylosing Spondylitis Disease Activity Index, CCC care coach call, IQR interquartile range, PSP patient
support program
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themselves. In addition, ADA treatment and
AC-PSP participation may lead to improved
productivity and reduce workday loss among
employed patients with AS [22, 23]. This study
adds to the literature by providing quantitative

evidence to inform policy makers and funders
that PSPs may be associated with generating
meaningful improvements in the health out-
comes of patients with AS.

Table 2 Multivariable regression analyses

Patient characteristics Relative risk 95% CI p value

Sex

Male Reference

Female 0.33 0.93 0.32

Age group (years)

18–29 0.91 1.03 0.91

30–39 0.76 1.07 0.75

40–49 0.77 0.93 0.77

50–59 0.39 0.80 0.39

60–69 0.80 1.06 0.80

C 70 Reference

Biologic history

Yes Reference

No 1.26 1.00–1.60 0.05

Region

Ontario 0.05 0.83 0.04

Québec Reference

East 0.66 0.93 0.66

Unknown 0.61 0.87 0.61

Disease control at baseline (initial BASDAI)

Controlled 1.82 1.26–2.62 0.0013

Not controlled Reference

Days lapsed, median days (IQR) 1.00 1.00–1.00 0.39

Disease control (follow-up BASDAI)

Controlled 1.23 1.06–1.42 0.0055

Not controlled Reference

The comparison of cohort characteristics was performed using Poisson regression, with robust error variance adjusting for
age, sex, region, biologics-naı̈ve status, disease control status at baseline, and number of days between assessments
BASDAI Bath Ankylosing Spondylitis Disease Activity Index, CCC care coach call, CI confidence interval, IQR interquartile
range, PSP patient support program
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Our study was a retrospective, observational
study performed with real-world data and is
subject to several limitations. First, there are
potential selection biases for subjects who
received the CCCs based on the date that they
enrolled into the AC-PSP. While the CCC ser-
vice was introduced in 2013, it was offered to all
existing patients enrolled in the program and
not only new patients. In addition, patients
were not randomized to receive CCCs. Second,
although all patients were persistent on ADA for
the duration of the study period, the study did
not objectively consider adherence to treat-
ment. Third, only a small proportion of patients
treated with ADA were eligible for this analysis
and, therefore, this study had a relatively small
sample size. On a similar note is that several
patients had controlled disease at the onset of
the observation period and were included in the
analysis. This is an artifact of a real-world evi-
dence study that accepts all patients for analy-
sis. In our study, we were limited to the profile
of patients in the AC-PSP who may have had
controlled disease at the onset of the observa-
tion period. However, the number of patients in
controlled disease state at baseline was small in
both groups: 1% (CCCs cohort) and 3% (no
CCCs cohort), as such, the number of patients
in controlled disease state at baseline could not
have driven the incremental benefit associated
with CCCs, and regression analyses were used to
address and control baseline imbalances.
Fourth, limited data on baseline disease char-
acteristics were available, including inflamma-
tory markers, X-ray data, peripheral
involvement (synovitis, enthesitis), and extra-
articular manifestations, which could all have
potentially influenced treatment response.
Similarly, data on factors such as healthier life-
styles in general, including better nutrition,
receipt of ancillary services such as physical
therapy, engaging in exercise, and so forth, were
not available as part of the AC-PSP or the LRx
database, which also could have potentially
influenced treatment response. Therefore, the
results of the study should be interpreted with
the caution of unobserved confounding factors.

Future indirect measures of these additional
factors associated with medication adherence
may be conducted through various forms of

self-reporting by the patient, including in-depth
patient interviews. Participation in the PSP has
been associated with significantly reduced total
cost, all-cause medical cost, and disease-related
medical cost in patients with Crohn’s disease,
ulcerative colitis, rheumatoid arthritis, psoria-
sis, psoriatic arthritis, and AS treated with ADA
[11]. However, a formal economic evaluation
was not within the scope of the current study,
and real-world studies in the future can focus on
examining the economic impact of PSP strate-
gies, specifically in patients with AS treated with
ADA.

CONCLUSIONS

After adjusting for confounders, this study
found that patients with AS receiving tailored
services from the Canadian AC-PSP in the form
of CCCs were associated with an increased
likelihood of controlled disease within 6–-
18 months from the initial BASDAI assessment
compared with those patients who did not
receive CCCs. These results may be instrumen-
tal in further helping to refine disease manage-
ment and interventions aimed at improving
clinical outcomes in patients with AS.
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is an employee of AbbVie and owns AbbVie
shares. Gerald Lebovic has nothing to disclose.

Compliance with Ethics Guidelines. None
of the patients analyzed had their identity or
medical records disclosed for the purposes of
this study, and only anonymized patient-level
data were accessed. Because no identifiable
protected health information was extracted or
accessed during the course of this study, no
institutional review board review or approval
was required.

Open Access. This article is distributed
under the terms of the Creative Commons
Attribution-NonCommercial 4.0 International
License (http://creativecommons.org/licenses/
by-nc/4.0/), which permits any noncommercial
use, distribution, and reproduction in any
medium, provided you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons license, and
indicate if changes were made.

REFERENCES

1. Lee JW, Kang JH, Yim YR, et al. Predictors of
switching anti-tumor necrosis factor therapy in
patients with ankylosing spondylitis. PLoS One.
2015;10(7):e0131864.

2. van der Heijde D, Schiff MH, Sieper J, et al. Adali-
mumab effectiveness for the treatment of ankylos-
ing spondylitis is maintained for up to 2 years:
long-term results from the ATLAS trial. Ann Rheum
Dis. 2009;68(6):922–9.

3. Gouveia EB, Elmann D, Morales MS. Ankylosing
spondylitis and uveitis: overview. Rev Bras Reuma-
tol. 2012;52(5):742–56.

4. Palla I, Trieste L, Tani C, et al. A systematic litera-
ture review of the economic impact of ankylosing
spondylitis. Clin Exp Rheumatol. 2012;30(4 Suppl
73):S136–41.

5. Boonen A, Mau W. The economic burden of dis-
ease: comparison between rheumatoid arthritis and
ankylosing spondylitis. Clin Exp Rheumatol.
2009;27(4 Suppl 55):S112–7.
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