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ABSTRACT

Introduction: This retrospective, observational
study aimed to analyze and assess adherence,
persistence, dosing, and use of concomitant
medications of seven self-administered target
drugs (abatacept, golimumab, secukinumab,
tocilizumab, ustekinumab, apremilast, and
tofacitinib) that are currently available in
Canada for the treatment of inflammatory
arthritis (IA).
Methods: We used IQVIA’s longitudinal claims
databases, which include private drug plans and
public plans. Patients with IA identified using a
proprietary indication algorithm who initiated
treatment with any of the target drugs between
January 2015 and February 2019 were selected
and followed for 12 months.
Results: Golimumab and apremilast had the
highest proportion of patients (* 75%) who
were bio-naı̈ve and secukinumab had the fewest
bio-naı̈ve patients (* 43%). The oral therapies,
apremilast and tofacitinib, had the lowest per-
centage of adherent patients (73% and 71%)

followed by abatacept (83%), while the
remaining drugs had adherence around 90%.
Secukinumab and tofacitinib had the highest
12-month persistence rate (63% and 61%),
while abatacept and apremilast had the lowest
persistence rate (52% and 47%). Oral corticos-
teroid (OCS) use was not significantly associated
with adherence. Tocilizumab, secukinumab,
and ustekinumab had the highest proportion of
patients ([20%) with dose escalation at 3–-
4 months from index. OCS and conventional
disease-modifying antirheumatic drugs
(cDMARD) use decreased in post-index period
across all target drugs.
Conclusion: This study identified substantial
differences in patient baseline characteristics.
Patients on injectable biologics were more likely
to be adherent compared with those on oral
drugs, possibly owing to longer dosing intervals.
Other outcomes at 12 months appeared similar
as evidenced by tapering of concomitant medi-
cations, although differences in persistence and
dose escalation were noted.
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Key Summary Points

Why carry out this study?

There is a lack of real-world evidence in
Canadian practice comparing adherence,
persistence, dose escalation, and
concomitant medication use between
biologics and oral small-molecule
therapies with differing mechanisms of
action in inflammatory arthritis
(rheumatoid arthritis, psoriatic arthritis,
ankylosing spondylitis).

This study aimed to analyze and assess
adherence, persistence, dosing, and use of
concomitant medications of seven self-
administered target drugs with different
mechanisms of action (abatacept,
golimumab, secukinumab, tocilizumab,
ustekinumab, apremilast, and tofacitinib)
that are currently available in Canada for
the treatment of inflammatory arthritis.

What was learned from the study?

Patients on injectable biologics were more
likely to be adherent compared with oral
drugs.

Other outcomes at 12 months appeared
similar, as evidenced by tapering of
concomitant medications, although
differences in persistence and dose
escalation between treatments were
noted.

INTRODUCTION

Rheumatic diseases, which include inflamma-
tory arthritis (IA), are a group of medical con-
ditions characterized by pain and consequent
reduction in mobility and function of one or
more areas of the musculoskeletal system and
include conditions such as rheumatoid arthritis
(RA), ankylosing spondylitis (AS), and psoriatic
arthritis (PsA). RA is the most common IA in

Canada, affecting 1.25% of the population [1].
IA impacts patients’ quality of life in their daily
activities such as walking, personal hygiene [2],
and working as well as increased fatigue and
reduced sleep quality [3].

There are various treatment options for IA
available in Canada. Conventional disease-
modifying antirheumatic drugs (cDMARDs),
such as methotrexate, sulfasalazine, hydroxy-
chloroquine, and cyclosporine as well as oral
corticosteroids (OCS) and nonsteroidal anti-in-
flammatory drugs (NSAIDs) are widely used
treatment options. Among the biologics, mole-
cules targeting tumor necrosis factor alpha
(TNF-a) (infliximab, etanercept, adalimumab,
golimumab, and certolizumab pegol), inter-
leukin (IL)-6 (tocilizumab), IL-12 and IL-23
(ustekinumab), IL-23 (guselkumab), CTLA-4
(abatacept), and CD20 (rituximab) are currently
available. Small molecules recently developed
to target intracellular signaling are also now
available, such as those that target the Janus
kinase family of enzymes (tofacitinib, barici-
tinib, and upadacitinib) and phosphodiesterase
4 (apremilast). While these treatments are
approved for use with proven efficacy, clinical
response can only be achieved if the treatment
is taken as prescribed and dosed appropriately.
For RA specifically, studies have suggested that
better adherence results in lower disease activity
and improved treatment outcomes [4]. Fur-
thermore, better adherence is also associated
with healthcare cost savings [5].

A previous real-world evidence study con-
ducted by Bhoi et al. [6] compared adherence
and dosing interval of four subcutaneous (SC)
anti-TNF agents (golimumab, adalimumab,
etanercept, and certolizumab pegol) in patients
with IA using longitudinal patient-level data-
bases in Canada. Other prior adherence studies
assessed only a limited number of treatment
options within specific geographic areas in
Canada, and as far as we are aware, there have
been no Canadian studies on adherence and on
the prevalence of dose escalation with biologics
and oral small molecules with different mech-
anisms of action in IA [7–10]. Effective man-
agement of drugs requires a thorough
understanding of their dosing patterns and the
consequences of dose escalation, and there is a
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lack real-world evidence in Canadian practice
comparing adherence, persistence, dosing, and
concomitant medication use between the
above-mentioned IA treatment options [11, 12].
Therefore, this study aimed to analyze and
assess adherence, persistence, and dosing of
seven prototypical self-administered target
drugs that are currently available in Canada and
have adequate capture rates in the IQVIA lon-
gitudinal claims database. We chose five sub-
cutaneously administered biologic disease-
modifying antirheumatic drugs (DMARDs) each
with their own specific mechanism of action
(abatacept, golimumab, secukinumab, tocilizu-
mab, and ustekinumab) and two oral targeted
synthetic DMARDs also each with a unique
mechanism of action (apremilast and tofaci-
tinib). Golimumab was chosen as a prototypical
anti-TNF biologic for comparison (Sponsor
decision) as it previously was found to have the
highest rate of adherence among patients in
Canada compared with three other subcuta-
neous anti-TNF biologics [6]. We examined
concomitant medication use to understand
comorbidities and the impact of adherence on
disease outcomes.

METHODS

Administrative Databases

The IQVIA longitudinal claims database used in
this study drew on Canadian private and public
prescription claims. Specifically, the study used
prescription claims from three databases: IQVIA
Private Drug Plan database (PDP), Ontario Drug
Benefit database (ODB), and Régie de l’Assur-
ance Maladie du Québec (RAMQ) [6, 13, 14].
Patients from all three sources were combined
for analysis. IQVIA’s PDP database comprised
drug benefit claims paid by a host of private
insurers including the top ten private insurance
carriers, third-party administrators, and benefit
plan managers and represented approximately
83% of the total private (direct-pay) business in
Canada. The ODB and RAMQ are public drug
plans administered in Ontario and Quebec,
respectively. The ODB database contains 100%
of the fully adjudicated dispensed prescription

claims from the ODB program at the anon-
ymized patient level. IQVIA’s RAMQ dataset
contains a sample of dispensed prescription
claims collected at the anonymized patient
level. Overall, this database represents most
patients on private plans in Canada.

All sources of data were actively managed
and quality controlled, and captured patient
demographic characteristics, specific drugs dis-
pensed, dosage, quantity dispensed, number of
days’ supply, service date, pharmacy location,
cost, payer, and prescribing physician informa-
tion. Additionally, all three sources had full
capture of prescriptions for a patient if the
patient stayed in the drug plan. This study was
performed in accordance with the Helsinki
Declaration of 1964 and its later amendments.
In accordance with our institutional policies
and those of Canada, ethics approval and
informed consent were not required since this is
a prescription claims-level study using anon-
ymized data.

Cohort Definition

It is important to note that these administrative
claims data do not include diagnosis. Therefore,
consistent with methodologies previously
adopted, indication was inferred using an
established rules-based algorithm [6, 13, 15]. As
shown in Table 1, the study included seven
target drugs of interest for IA indications: five
biologic DMARDs administered by subcuta-
neous injection (abatacept, golimumab, secuk-
inumab, tocilizumab, and ustekinumab) and
two oral targeted-synthetic DMARDs (apremi-
last and tofacitinib). A selection period from 1
January 2015 to 28 February 2019, where all
these drugs were listed in public formularies,
was utilized for patient selection based on eli-
gibility criteria. The target drug that a patient
initiated during the selection period was
defined as the ‘‘index drug.’’ Similarly, the date a
patient first started the index drug treatment
during the selection period was defined as the
‘‘index date.’’ A 12-month look-back period
from index date was applied to ensure patients
were naı̈ve to their respective target drug. The
look-back period was also used to assess
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patients’ history of the target drugs and other
demographic characteristics. Patients in each
group were analyzed for up to 12 months from
index date or until they discontinued or swit-
ched to other in-market drugs. This ‘‘analysis
period’’ was used to analyze adherence, persis-
tence, dosing interval, and dose optimization
and concomitant medication use. Owing to the
consideration of the loading phase in some
drugs’ treatment regimens, the first 28 days
post-index were excluded from the adherence
and dosing analysis for all index drugs. Addi-
tionally, a look-forward period of 3 months
following the analysis period was applied to
ensure that patients were still active in the drug
plan and that discontinuation was not due to
missing data. For each included patient, the
study period was a combination of look-back
period, analysis period, and look-forward
period.

Patients were included in the study if they
met all entry criteria: (1) inferred indication of
IA based on IQVIA’s proprietary indication
algorithm; (2) naı̈ve to the target drug during
the look-back period; (3) had at least one claim
of one of the target drugs within the selection
period; (4) were C 18 years of age on date of
index claim; (5) active in the drug plan within
the 12-month look-back period, 12-month
analysis period, and 3-month look-forward
period. Patients were excluded from the study if
they met at least one of the following criteria:
(1) had any claim of the index drug in the
12-month look-back period; (2) patients 18–-
24 years of age in Ontario with index date or
analysis period between 1 January 2018 and 31
March 2019 as patients were transitioning from
a pediatric to an early adult program (OHIP?).
Patients did not need to be continuously
acquiring the index drug throughout the

Table 1 Listing and dosing of target drugs

Drug Commercial
name

Indication Route of
administration

Loading
phase

Monograph-recommended dose (IA
indication)

Abatacept Orencia RA, PsA Subcutaneous N/A 125 mg weekly

Golimumab Simponi RA, AS,

PsA

Subcutaneous N/A 50 mg monthly

Secukinumab Cosentyx PsA, AS Subcutaneous 150 mg at

weeks 0, 1,

2, 3, 4

150 mg monthly, consider 300 mg if patient

is anti-TNF inadequate responder of

PSO/PsA coexist

Tocilizumab Actemra RA Subcutaneous N/A Weight\ 100 kg: 162 mg every other week;

increase to weekly on the basis of clinical

response

Weight C 100 kg: 162 mg weekly

Ustekinumab Stelara PsA Subcutaneous 45 mg at

weeks 0

and 4

45 mg every 12 weeks

Weight[ 100 kg, can use 90 mg every

12 weeks

Apremilast Otezla PsA Oral Dose

titration

over

6 days

30 mg twice daily

Tofacitinib Xeljanz RA, PsA Oral N/A 5 mg twice daily
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12-month analysis period to be included. A
patient could be indexed on only one target
drug.

Study Endpoints

The following endpoints based on each study
objective were measured for each target drug
separately: the proportion of patients (%)
adherent to each index drug within the
12-month analysis period and the proportion of
patients (%) persistent at 12 months; the dosing
interval of each index drug was also analyzed in
the following way to explore the frequency of
dose escalation and the proportion of patients
(%) whose index drug dose was increased (i.e.,
dose escalated) within the 12-month analysis
period was assessed. Additionally, the mean and
median escalated dose, dose difference, and
time to dose escalation within the 12-month
analysis period were assessed for all dose-esca-
lated patients. For concomitant medication use,
the presence, mean number of claims per
month, and total days’ supply per month of
OCS use for adherent and nonadherent groups
within the 12-month analysis period was asses-
sed, as well as the presence, mean number of
claims per month, and total days’ supply per
month of OCS and cDMARDs (azathioprine,
cyclosporine, hydroxychloroquine, lefluno-
mide, methotrexate, and sulfasalazine) use
within each target drug group pre-index and
post-index.

Variable Definitions

Biologic experience was defined as the presence of
any in-market biologics in the look-back period.
The proposed prior biologic experience group-
ings were biologic-experienced and biologic-
naı̈ve, where biologic-naı̈ve was defined as
having no claims for in-market biologics in the
look-back period. Biologic-experienced patients
were further categorized by biologic tier on the
basis of whether one, two or three or more dif-
ferent biologic claims were reported in the
12-month look-back period. Polypharmacy was
defined as the number of concomitant medica-
tion classes [number of EphATC (level 2) classes]

patients took in the look-back period and
reported in numerical categories (0–3, 4–6, 7–9,
10–12, 13?).

Adherence, commonly defined as the extent
to which patients take their medications as
prescribed [16], was measured using the medi-
cation possession ratio (MPR). MPR was defined
as the proportion of days’ supply obtained
during one episode of medication use, calcu-
lated by dividing the aggregated number of
days’ supply obtained during the episode by the
length of the episode, excluding the last pre-
scription fill [6, 17]. MPR was calculated for the
treatment period in which patients are contin-
uously taking the index drug with no evidence
of switching to other in-market products.

MPR ¼
P

Days supply across all but last Rx
P

Days between first and last Rx

Days’ supply was calculated from the
number of units in a prescription and length
of treatment per unit listed in the Health
Canada product monograph. Patients who
scored C 80% MPR were considered adherent
as per the commonly accepted operational
definition of adherence [6, 17, 18].

Patients were considered persistent until they
discontinued the index drug. Discontinuation
was defined as the end of treatment of the index
drug. A patient is flagged as discontinued on the
index drug if (1) there is a treatment gap of
more than 90 days between the end of supply of
a claim and the start of a subsequent claim
during the analysis period and look-forward
period or (2) the patient switches to other in-
market products, whichever occurred first [17].

Dosing interval was defined as the average
days between units for all target drugs with SC
injections (Table 1). It was estimated by taking
total days on therapy and dividing by the
number of units the patients received.

Average days between units

¼ Duration of therapy (days)

Number of units received

For the oral drugs, tofacitinib and apremilast,
dosing interval was defined as average number
of tablets per week.
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Average number of tablets per week

¼ 7�Number of tablets received

Duration of therapy daysð Þ

Dose escalation was defined as having an
average weekly dose that was at least 20%
higher than the recommended dose [13, 19].
This could be achieved by either increasing the
dose and/or shortening the dosing interval.
Recommended dose(s) were based on Health
Canada product monographs (Table 1). Owing
to the consideration of the loading phase in
some drugs’ treatment regimens, the first
28 days post-index were excluded from the
analysis for all index drugs.

Average weekly dose

¼ 7� Total number of units received�Dose per unit

Duration of therapy (days)

Statistical Analyses

Continuous variables were reported using
mean, standard deviation, median, and
interquartile range. Categorical variables were
reported using counts and proportions. All
descriptive endpoints were reported separately
for each target drug. For each of the endpoints,
statistical modeling was used to assess each
target drug in a single model. Any patients that
switched between formulations of their index
drug were considered censored at their first
switch of formulations. All analyses were inde-
pendently performed by IQVIA using SAS 9.4
(SAS Institute, Cary, NC, USA). There was no
imputation of missing data given that patients
were not expected to be lost to follow-up as the
3-month look-forward ensured patients were
still active in the drug plan. Where the
assumptions underlying any statistical model-
ing were violated, appropriate alternatives were
employed.

Adherence across target drugs was analyzed
using a multivariate logistic regression treating
adherence as a binary variable (adherent, non-
adherent). Expected predictor variables in the
model included target drug, age, gender, pro-
vince (or group of provinces), prior biologic
experience, polypharmacy, and time on treat-
ment. Persistence was analyzed using a

multivariate Cox proportional hazards model
for the time to target drug treatment discon-
tinuation. Expected predictor variables in the
model included target drug, age, gender, pro-
vince (or group of provinces), prior biologic
experience, and polypharmacy. Patients were
not expected to be lost to follow-up owing to
activity requirements in the look-forward per-
iod. The proportion of patients with escalated
dose of index drugs were compared across target
drugs using a chi-square test. Since it is not
possible to collect disease activity measures in
these claims databases, post-index usage of OCS
was used as a surrogate for disease flare (poor
disease outcomes), and discontinuation of
DMARDs and OCS was used as surrogate marker
of positive disease outcomes. Concomitant OCS
use was compared between adherent and non-
adherent groups for each target drug. No com-
parisons were made across target drugs for this
endpoint. The presence or absence of OCS use
was assessed using a chi-square test. The num-
ber of OCS claims per patient per month and
days’ supply of OCS per month were compared
across all target drugs using Kruskal–Wallis test.
OCS and DMARD use were compared
12 months pre-index and up to 12 months post-
index for each target drug. No comparisons
were made across target drugs for this endpoint.
The presence or absence of OCS and DMARD
use was assessed using McNemar’s test. The
number of OCS and DMARD claims per patient
per month and days’ supply of OCS and
DMARD per month were compared across all
target drugs using Wilcoxon signed-rank test.

RESULTS

A total of 24,485 patients were initially identi-
fied. Of those, 24,410 (99.7%) were C 18 years
of age on the date of index claim; 20,745
(84.7%) were naı̈ve to the target drug during the
look-back period (an exception is that patients
were allowed to have a maximum of one IV
formulation claim of the indexed target drug as
a potential loading dose in the look-back per-
iod); and 13,934 (56.9%) were active in the drug
plan throughout the study period. Finally, after
removal of patients aged B 24 years old in
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Ontario with index date or analysis period
between 1 January 2018 and 31 March 2019, the
final total number of patients was 13,863, or
56.6% of the initial cohort. The distribution of
these patients among index drugs and their
baseline characteristics are presented in Table 2.

The mean [standard deviation (SD)] age for
the overall cohort was 55.2 (13.0) years, and
9258 patients (66.8%) were female. Patients
treated with drug with a predominant RA indi-
cation (abatacept, tocilizumab, tofacitinib) ten-
ded to be older (mean age 57.0–60.7 versus
51.2–52.4 years) with a higher proportion of
female gender (73.9–77.1% versus 53.6–60.7%)
and cDMARD use in the look-back period
(72.8–82.6% versus 46.6–68.6%). Patients trea-
ted with either golimumab or apremilast were
more likely to be bio-naı̈ve (75.7% and 79.3%,
respectively) compared with patients treated
with other drugs (B 63.2%). Polypharmacy was
a common occurrence, with 67.3% of patients
taking seven or more concurrent medications in
the look-back period. The proportion of
patients with high polypharmacy (13? concur-
rent drugs) was highest in patients treated with
abatacept (30.9%), ustekinumab (26.3%), and
tocilizumab (24.5%). OCS use in the look-back
period was highest in patients treated with
abatacept, tocilizumab, and tofacitinib
(51.6–57.5%) and lowest in patients treated
with secukinumab, ustekinumab, and apremi-
last (24.6–25.5%).

The proportion of adherent patients is pre-
sented in Table 3. Adherence, defined as an
MPR C 80%, was observed in 82.8–91.2% of
patients taking subcutaneous injections, while
70.8–73.0% of patients under oral therapy were
classified as adherent. Multivariate logistic re-
gression model by adherence status is presented
in Table 4. Adherence was significantly associ-
ated with target drugs, with ustekinumab hav-
ing the highest adherence [odds ratio (OR)
1.4660, 95% confidence interval (95% CI)
1.0801–1.9898; p = 0.0141] and tofacitinib the
lowest adherence (OR 0.3540, 95% CI
0.3122–0.4014; p\0.0001) compared with
golimumab. Male gender, older age, Atlantic
and Quebec provinces, and three or more prior
biologic experience were also significantly
associated with higher adherence. To identify

potential outcomes of nonadherence, patients
from each drug-treatment group were assigned
as either adherent or nonadherent on the basis
of their MPR C 80% status. Post-index usage of
OCS was used as a potential surrogate for disease
flare. No difference was observed between
adherent and nonadherent patients for OCS use
in any drug group (data not shown).

Life-table estimates of persistence rate are
shown in Fig. 1. The target drugs had a
12-month persistence percentage ranging from
46.9% to 62.8%. Patients treated with apremi-
last had lower persistence, with 46.9% of
patients on therapy after 12 months, and
patients treated with secukinumab had higher
persistence at 62.8%; patients on golimumab
had persistence of 58.3% after 12 months. A
multivariate Cox proportional hazards model
suggests that persistence was significantly
inversely associated with female gender [hazard
ratio (HR) 1.14186, p\ 0.0001], younger age
(HR 1.135, p\0.0003), provinces British
Columbia and Prairies (HR 1.7072, p\0.0001,
and HR 1.427, p\0.0001), prior biologics
experience (HR 1.2992–1.5589, p\0.0001), and
higher polypharmacy (HR 1.1898–1.3048,
p\0.0004).

We also analyzed the frequency of dose
escalation after the first 28 days post-index
(Table 5). The incidence of dose escalation was
lowest (B 6.6%) in patients taking oral thera-
pies. Among patients taking oral therapies that
dose-escalated, the percentage of dose differ-
ence from the recommended dose was also low,
with a mean increase from 0.8% to 4.7%. This
was expected given the higher rate of toxicity
associated with higher doses. The incidence of
dose escalation was more common in patients
taking biologic therapies with an incidence
ranging from 13.2% in patients treated with
abatacept to 26.7% in patients treated with
secukinumab. The lowest mean dose difference
was with abatacept (5.1% increase) and highest
with ustekinumab (66.1% increase). The time to
dose escalation (median, IQR) was shortest with
ustekinumab (29.0, 29.0–167.5 days) and long-
est with golimumab (116.0, 50.0–209.0 days).
Drugs with multiple dosing options had vari-
able patterns of dose escalation depending on
whether patients were started at the lower or
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the higher dose (Table 6). Patients initiating
treatment with a lower dose of tocilizumab or
secukinumab experienced greater dose escala-
tion (50.7% and 40.1%, respectively) compared
with those initiating treatment on the higher
dose. Indeed, the incidence of dose escalation
for the lower versus higher starting dose was
40.4% versus 10.9% in tocilizumab-treated
patients, and 38.5% versus 18.9% in secuk-
inumab-treated patients, respectively. In con-
trast, the dose escalation pattern for

ustekinumab-treated patients was the opposite,
where patients treated with the higher dose
(53.1%) has a higher incidence of dose escala-
tion (31.8% versus 12.5% for the lower-dose
group).

Finally, we analyzed the use of OCS and
DMARDs during the pre- and post-index period
to assess if the initiation of any of the target
drugs are associated with tapering or discon-
tinuation as a surrogate marker of positive dis-
ease outcomes with the target drug. As shown in

Table 3 Proportion of adherent patients (MPR C 80%) after first 28 days post-index within the 12-month analysis period

Category Abatacept Golimumab Secukinumab Tocilizumab Ustekinumab Apremilast Tofacitinib

Total patients 1381 3745 1619 1039 580 992 3840

MPR value

Mean (SD) 1.0 (0.2) 1.0 (0.2) 1.1 (0.4) 1.1 (0.3) 1.2 (0.5) 0.9 (0.2) 0.9 (0.2)

Median (IQR) 1.0 (0.9,

1.1)

1.0 (0.9, 1.0) 1.0 (0.9, 1.1) 1.0 (0.9, 1.2) 1.1 (1.0, 1.3) 0.9 (0.8,

1.0)

0.9 (0.8,

1.0)

MPR categorya

C 80% 1143

(82.8%)

3238

(86.5%)

1425 (88.0%) 914 (88.0%) 529 (91.2%) 724

(73.0%)

2717

(70.8%)

60–80% 124 (9.0%) 309 (8.3%) 105 (6.5%) 83 (8.0%) 29 (5.0%) 167

(16.8%)

639

(16.6%)

40–60% 61 (4.4%) 99 (2.6%) 77 (4.8%) 29 (2.8%) 19a (3.3%) 70 (7.1%) 323 (8.4%)

20–40% 41 (3.0%) 57 (1.5%) 9 (0.6%) 10 (1.0%) 3 (0.5%) 17 (1.7%) 123 (3.2%)

\ 20% 12 (0.9%) 42 (1.1%) 3 (0.2%) 3 (0.3%) 0 (0.0%) 14 (1.4%) 38 (1.0%)

Adherence category

Adherent,

n (%)

1143

(82.8%)

3238

(86.5%)

1425 (88.0%) 914 (88.0%) 529 (91.2%) 724

(73.0%)

2717

(70.8%)

Nonadherent,

n (%)

238

(17.2%)

507 (13.5%) 194 (12.0%) 125 (12.0%) 51 (8.8%) 268

(27.0%)

1123

(29.2%)

Time on treatment from index

Mean (SD) 294.0

(100.1)

307.6 (94.3) 313.2 (90.8) 304.8 (95.6) 319.0 (77.9) 282.6

(109.9)

312.6 (94.3)

Median (IQR) 365.0

(217.0,

365.0)

365.0

(260.0,

365.0)

365.0 (291.0,

365.0)

365.0 (251.0,

365.0)

365.0 (281.5,

365.0)

365.0

(178.0,

365.0)

365.0

(301.5,

365.0)

aAll values with a count of fewer than six patients or claims were masked as 3* according to privacy rules
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Table 4 Statistical analysis: multivariate logistic regression model on adherence versus nonadherence

Covariate p-Value Odds ratio 95% CI of OR

Target drug Abatacept 0.0004 0.7255 0.6075–0.8664

Golimumaba NA 1 NA

Secukinumab 0.1185 1.1567 0.9635–1.3887

Tocilizumab 0.2816 1.1253 0.9077–1.3950

Ustekinumab 0.0141 1.4660 1.0801–1.9898

Apremilast < 0.0001 0.4544 0.3819–0.5407

Tofacitinib < 0.0001 0.3540 0.3122–0.4014

Gender Malea NA 1 NA

Female 0.0112 0.8768 0.7921–0.9705

Age 18–44 years 0.0008 0.8108 0.7171–0.9168

45–64 yearsa NA 1 NA

65–74 years 0.0116 1.1688 1.0355–1.3191

75–84 years 0.1261 1.1569 0.9598–1.3943

85? years 0.9928 0.9978 0.6168–1.6141

Province Alberta 0.1606 1.1743 0.9382–1.4697

Atlantic 0.0035 1.3467 1.1027–1.6448

British Columbia < 0.0001 0.3930 0.3260–0.4739

Prairies 0.0158 0.7427 0.5833–0.9456

Ontarioa NA 1 NA

Quebec < 0.0001 1.3118 1.1668–1.4749

Prior biologic experience Bio-naı̈vea NA 1 NA

One prior biologic 0.2741 1.0617 0.9537–1.1819

Two prior biologics 0.1380 1.1644 0.9523–1.4237

Three or more prior biologics 0.0421 1.5467 1.0158–2.3550

Polypharmacy 0–3a NA 1 NA

4–6 0.2856 1.0902 0.9304–1.2774

7–9 0.0523 1.1670 0.9985–1.3639

10–12 0.0147 1.2308 1.0416–1.4543

13? 0.0389 1.1957 1.0091–1.4168

Time on treatment – 0.0670 1.0004 1.0000–1.0009

Bold indicates p-values\ 0.05
aReference covariates in the statistical analysis
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Table 7, there was a significant (p\ 0.0001)
reduction in the proportion of patients on any
dose of concomitant OCS for all drugs except
for ustekinumab. With respect to the amount of
OCS used, a small but significant decrease in
claims and supply was observed in patients
treated with abatacept, golimumab, apremilast,
and tofacitinib. Patients treated with tocilizu-
mab also had a significant reduction in the
number of OCS days supplied. Discontinuation
and/or dose tapering of concomitant cDMARDs
was observed in all groups (Table 8).

DISCUSSION

In the past 20 years, the launch of biologic anti-
TNF therapies has revolutionized treatment of
inflammatory arthritis for patients. This was
followed with the development of other bio-
logics and oral agents targeting alternative
mechanism of actions (alt-MOAs) such as IL-6,
IL-17, CTLA-4, IL12/23, Janus kinase, and
phosphodiesterase-4. Although these alt-MOA
drugs were first used predominantly following
anti-TNF failure, their use as first-line therapy in
patients who have failed conventional therapies
(cDMARDs and/or NSAIDs) has been increasing
over the years [20, 21]. Data on the comparative

use of these drugs within the Canadian envi-
ronment are lacking.

We selected one drug from each class of
seven alt-MOA drugs listed above on the basis of
the highest number of potential patients and
used golimumab as a prototypical anti-TNF
biologic for comparison (Sponsor decision); in a
previous study of four subcutaneous anti-TNF
biologics, golimumab was found to have the
highest rate of adherence among patients [6].
To facilitate the comparison, we selected only
drugs administered by subcutaneous injection
or orally since infusion formulations of these
medications are more likely to be administered
by a healthcare professional in a clinical setting
and, therefore, confound the study outcomes. A
potential confounder is that those drugs dif-
fered by their respective indications, which
could have an impact on the patient population
and its baseline characteristics. Indeed, during
the timeframe of this study, tocilizumab was
indicated only for RA, abatacept and tofacitinib
were initially indicated only for RA and then
expanded to the PsA indication, ustekinumab
and apremilast were indicated only for PsA, and
secukinumab was indicated primarily in PsA
before expanding to the AS indication, while
the anti-TNF golimumab was the only drug with
all three IA indications in RA, AS, and PsA.
Therefore, patients treated with abatacept,

Fig. 1 Life-table estimates of persistence across target drugs in the 12-month look-forward period
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tocilizumab, and tofacitinib were more likely to
resemble a typical RA patient population and
were likely to be older, of female gender, and
with higher likelihood of concomitant
cDMARD use at baseline. Both the golimumab
and apremilast cohorts had a higher proportion
of bio-naı̈ve patients. This channeling bias may
be driven by the long-term experience with
anti-TNFs as first-line therapy, and by the lower
efficacy attributes of apremilast compared with
other biologic therapies [22], which makes it
more likely to be used first line in patients with
PsA with moderate disease activity.

All drugs appeared to have similar persis-
tence at 12 months, except for lower persistence
rate among patients on apremilast. This finding
could be driven by differences in efficacy of
apremilast and biologics [22] and/or patient
baseline characteristics. It remains to be seen
whether these persistence rates among these
drugs from differing MOAs deviate over the
long term.

All biologic drugs were associated with better
rates of adherence compared with the two oral
drugs, tofacitinib and apremilast, higher than in
previous reports [5, 6, 23–25]. Although oral
medications are deemed as more convenient
and preferred by patients compared with
injectable drugs [26], longer intervals between
doses of medications have been strongly asso-
ciated with better adherence [6, 17, 23, 27–30].
The differences in dosing interval may explain
the divergence in adherence rates between
injectable biologics and oral drugs reported in
this study. The ease of discontinuing oral drugs
in close proximity to dental surgery or fever also
is a possible explanation for the divergence. The
association between three or more biologics and
adherence should be interpreted with caution
given the low numbers of patients within each
drug class ranging from 0.5% to 2.6%.

To achieve adequate clinical response,
higher dose of targeted drugs may be required in
some patients. In this study, we observed a large
variability between the drugs with respect to
dose optimization strategies. For both oral
drugs, the percentage of patients with dose
escalation was low, and those that did experi-
ence a dose escalation had the lowest percent
increase in dose of all drugs studied. ForT
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Table 6 Dose-escalation analysis in target drugs with multiple recommended dose in monograph after first 28 days post-
index within the 12-month analysis period

Category Tocilizumab Secukinumab Ustekinumab

Higher dose Lower dose Higher dose Lower dose Higher dose Lower dose

Recommended

weekly dose (mg)

162 81 70 37.5 7 3.5

Total patients 512 527 969 650 308 272

Dose escalationa,

n (%)

56 (10.9%) 213 (40.4%) 183 (18.9%) 250 (38.5%) 98 (31.8%) 34 (12.5%)

No dose escalation,

n (%)

456 (89.1%) 314 (59.6%) 786 (81.1%) 400 (61.5%) 210 (68.2%) 238 (87.5%)

Total patients 512 527 969 650 308 272

Weekly dose (mg)

Mean (SD) 147.8 (28.4) 90.7 (31.5) 70.3 (20.3) 41.6 (14.9) 8.7 (3.6) 4.2 (1.6)

Median (IQR) 153.7 (137.7,

161.5)

82.7 (70.6,

110.6)

69.2 (63.7,

74.6)

36.5 (34, 48) 7.8 (7.1, 9.7) 3.8 (3.6, 4.1)

Dose difference (%)b from recommended dose

Mean (SD) -2.2%

(18.8%)

20.0%

(41.7%)

0.4% (29.0%) 18.9%

(42.7%)

24.7%

(51.8%)

19.3%

(44.9%)

Median (IQR) 1.6% (-8.9%,

6.8%)

9.4% (-6.6%,

46.3%)

-1.2%

(-9.0%,

6.6%)

4.3% (-2.9%,

37%)

11.2% (2.0%,

39.1%)

7.2% (2.6%,

18.1%)

Patients with dose

escalation

56 213 183 250 98 34

Weekly dose (mg)

Mean (SD) 165.4 (47.1) 114.3 (25.5) 83.3 (23.1) 52.0 (13.0) 11.6 (4.3) 5.9 (1.5)

Median (IQR) 161.8 (153.7,

167)

115.4 (93.5,

135)

78.7 (72.3,

86.6)

50.6 (42, 62.2) 10.7 (9, 12.6) 5.6 (4.9, 6.7)

Dose difference (%)b from recommended dose

Mean (SD) 9.4% (31.1%) 51.2%

(33.7%)

19.0% (33.0%) 48.6%

(37.0%)

65.1%

(62.0%)

69.2%

(42.1%)

Median (IQR) 7.0% (1.7%,

10.5%)

52.7% (23.7%,

78.6%)

12.5% (3.2%,

23.8%)

44.6% (20.0%,

77.8%)

53.4% (28.2%,

79.5%)

59.7% (39.0%,

92.0%)

Time to dose escalation from index (days)

Mean (SD) 123.6 (91.9) 107.7 (77.3) 99.7 (85.4) 134.4 (80.0) 76.1 (72.0) 134.6 (63.7)
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apremilast, poor tolerability could limit the use
of higher doses since the higher dose in clinical
studies was associated with greater incidence of
nausea and vomiting [31]. For tofacitinib,
although tolerability appeared to be similar
between the 5 and 10 mg doses [32], the higher

dose did not receive approval from regulatory
authorities owing to safety concerns around
deep vein thrombosis. Additionally, dose esca-
lation could be limited by access in some
instances if payers do not reimburse the higher
dose as dose escalation is an importance

Table 6 continued

Category Tocilizumab Secukinumab Ustekinumab

Higher dose Lower dose Higher dose Lower dose Higher dose Lower dose

Median (IQR) 93.5 (30.0,

200.0)

85.0 (29, 164) 60.0 (29.0,

168.0)

122.0 (67.0,

200.0)

29.0 (29.0,

112.0)

162.5 (103.0,

182.0)

aDose escalation was defined as having two consecutive claims with doses at least 20% higher than the product monograph
recommended dose during the dose-escalation analysis period
bDose difference (%) was the percentage difference comparing the average weekly dose to recommended weekly dose for
dose escalators

Table 7 Oral corticosteroid use during pre-index and post-index period within each target drug

Drug n Total patients (%) Claims per year, mean
(SD)

Days’ supply per year, mean
(SD)

Pre-
index
(%)

Post-
index
(%)

p-Value Pre-
index

Post-
index

p-Value Pre-
index

Post-
index

p-Value

Abatacept 1496 55.9 42.5 < 0.0001 3.6

(7.8)

3.6

(9.0)

0.0018 88.3

(128.4)

88.1

(178.1)

0.004

Golimumab 3863 32.5 22.2 < 0.0001 1.3

(3.8)

1.2

(4.3)

< 0.0001 38.2

(88.8)

31.7

(93.2)

< 0.0001

Secukinumab 1661 24.7 19.1 < 0.0001 0.9

(3.7)

1.0

(4.8)

0.0887 22.9

(76.2)

24.0

(82.6)

0.0602

Tocilizumab 1096 57.3 48.6 < 0.0001 3.6

(7.5)

3.6

(8.0)

0.0785 103.0

(145.8)

100.9

(155.1)

0.0423

Ustekinumab 609 25.5 24.0 0.4485 1.3

(5.1)

1.6

(5.9)

0.4141 27.5

(80.0)

34.7

(102.7)

0.9459

Apremilast 1094 25.0 15.6 < 0.0001 0.9

(3.1)

0.9

(4.0)

0.0008 25.5

(73.3)

22.5

(83.2)

0.0005

Tofacitinib 4009 51.6 36.3 < 0.0001 3.1

(8.6)

2.8

(8.5)

< 0.0001 81.4

(131.7)

72.3

(151.3)

< 0.0001

Bold indicates p-values\ 0.05
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economic issue for healthcare payers. In the
current restrictive economic environment,
identification of treatments with minor need
for adjusting dose may contribute to the sus-
tainability of the health system. Among the
biologics, both abatacept and golimumab were
associated with a lower incidence of dose esca-
lation relative to secukinumab, tocilizumab,
and ustekinumab. Approved dose increases in
the product labeling for some of these agents
could result in prescribers being more comfort-
able with dose escalation and/or the need to
achieve more optimal efficacy results. Patients
treated with secukinumab, tocilizumab, and
ustekinumab had the highest overall incidence
of dose escalation, and these drugs were more
commonly used in biologic-exposed patients.
Indeed, 69.8% of tocilizumab- and 75.3% of
secukinumab-treated patients were at the
higher dose 12 months after the index date,
either because of dose escalation or because

they started at the higher dose. In contrast,
ustekinumab-treated patients started at the
higher dose had a much greater incidence of
dose escalation, and the time to dose escalation
was the shortest among all the drug cohorts.
This may be the result of patient selection and
channeling bias [33].

Finally, most drugs were associated with a
significant proportion of patients tapering and
discontinuing concomitant OCS and DMARDs
in the post-index period, which could be used as
surrogate for a positive outcome.

There are several limitations to this study:
first, patient diagnosis was inferred using an
algorithm based on patient medication history
and physician specialty. The inferred indication
might differ from the true diagnosis as claims
are coded and recorded in the databases for
payment purposes and not for research. Further,
specific IA subtype (RA, AS, PsA) and disease
severity were not inferred. Since some target

Table 8 DMARD use during pre-index and post-index period within each target drug

Drug n Percent of patients (%) Claims per year, mean (SD) Days’ supply per year, mean
(SD)

Pre-
index
(%)

Post-
index
(%)

p-Value Pre-
index

Post-
index

p-Value Pre-
index

Post-
index

p-Value

Abatacept 1496 82.6 71.9 < 0.0001 11.9

(17.1)

10.8

(17.1)

< 0.0001 356.6

(297.3)

321.8

(337.8)

< 0.0001

Golimumab 3863 61.3 53.9 < 0.0001 6.7

(11.8)

6.0

(12.0)

< 0.0001 244.8

(275.9)

212.2

(266.5)

< 0.0001

Secukinumab 1661 46.6 35.1 < 0.0001 3.7

(7.7)

3.0

(7.1)

< 0.0001 130.4

(195.0)

104.6

(181.6)

< 0.0001

Tocilizumab 1096 72.9 58.2 < 0.0001 7.4

(12.4)

6.5

(13.2)

< 0.0001 257.0

(249.5)

214.0

(284.2)

< 0.0001

Ustekinumab 609 59.9 48.3 < 0.0001 5.0

(8.5)

4.5

(8.8)

< 0.0001 169.3

(197.1)

146.9

(197.5)

< 0.0001

Apremilast 1094 68.6 40.8 < 0.0001 4.4

(6.1)

3.1

(9.7)

< 0.0001 192.5

(199.3)

132.6

(318.2)

< 0.0001

Tofacitinib 4009 80.5 67.5 < 0.0001 10.1

(17.4)

8.7

(17.8)

< 0.0001 345.9

(285.8)

277.1

(288.3)

< 0.0001

Bold indicates p-values\ 0.05
DMARD disease-modifying antirheumatic drug
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drugs are approved for patients with specific IA
subtype and/or severity level, lack of specific
indication may result in confounding. More-
over, the algorithm did not allow for multiple
diagnoses across other inflammatory disease
conditions treated by these medications (e.g.,
psoriasis and inflammatory bowel disease) and,
therefore, could lead to misclassification where
patients have comorbid conditions. Second,
patients could not be tracked across different
payer plans. As a result, patients who changed
plan providers could be displayed as a new
patient in the plan. This limitation was miti-
gated by selecting patients with at least
12 months of plan history before index date and
3 months plan history in the look-forward per-
iod to ensure sufficient plan history and activ-
ity. Appropriate data cleaning processes were
undertaken to ensure patients with multiple
plans were deduplicated. Requiring patients to
be active in the 12-month analysis period and
3-month look-forward period, however, could
introduce survival bias since deceased patients
were excluded from the analysis. Further, this
can also cause selection bias since patients who
switch plans could have different utilization
patterns from patients who stayed active on the
same payer plan. Third, it was not possible to
collect data on disease activity or reasons for
dose escalation. We measured the association of
target drugs to certain outcomes of interest,
such as usage of OCS and DMARDs, as a surro-
gate marker of disease outcomes, and there
might be confounding factors that could
potentially impact these outcomes. Fourth,
exploration of other possible factors predictive
of adherence such as psychological and
patient–physician relationship was not possible
given the administrative data.

Another potential limitation is that MPR
does not equate with consumption of medica-
tion, but rather is only an indicator that the
medication had been purchased, so this com-
mon approach provides the best possible esti-
mate of adherence. Moreover, public plan data
were collected only from the provinces of
Ontario and Quebec, which might limit the
generalizability of public plan findings across
Canada. Lastly, there is a potential information
bias due to inaccurate data entry or collection

into the database by human errors. Data clean-
ing and quality control process were in place
before the analysis, and given the large sample
size, we did not anticipate a significant impact
on the results due to information bias.

Despite these limitations, this is the most
extensive review of adherence and dosing pat-
terns covering seven different MOAs in Canada
to date. This study used a large and nationwide
sample of 13,863 patients claiming IA prescrip-
tions in Canada. It also drew from both private
and public claims databases, ensuring a wide
sampling frame of Canadians. This large and
representative sample of patients allowed com-
parison in treatment adherence, persistence,
dosing, and concomitant medication use
between different Alt-MOA drug groups.

The practice of dose escalation to regain or
maintain clinical response is undoubtedly
associated with increased drug costs and indi-
rect IA care. Future studies should explore both
the impact of dose escalation on disease activity
and whether these strategies are cost effective.
Effective management of drugs requires a thor-
ough understanding of their dosing patterns
and the consequences of dose escalation.

CONCLUSIONS

In summary, we observed that golimumab and
apremilast had the highest proportion of
patients who were bio-naı̈ve, while other drugs
are more commonly used in biologic-exposed
patients. The two oral drugs, apremilast and
tofacitinib, had the lowest percentage of
adherent patients compared with the
injectable biologics. OCS use was not signifi-
cantly associated with adherence. All drugs had
a similar persistence rate over 12 months except
for apremilast, which was slightly lower. Toci-
lizumab, secukinumab, and ustekinumab had
the highest proportion of patients with dose
escalation, golimumab and abatacept had the
lowest proportion of patients taking SC biolog-
ics with dose escalation, and the oral drugs had
the lowest proportion of dose escalators of all
target drugs. OCS and DMARDs use decreased in
the post-index period across all target drugs,
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suggesting positive disease outcomes with
treatment.

In conclusion, this study identified substan-
tial differences in patient baseline characteris-
tics among the target drugs studied. Patients on
injectable biologics were more likely to be
adherent compared with oral drugs, possibly
owing to the longer dosing intervals of the
injectable medications (weeks to months
between doses) compared with the twice-daily
administration of the oral medications. Other
outcomes at 12 months appeared similar, as
evidenced by comparative tapering of con-
comitant medications, although differences in
persistence and dose escalation were noted.
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10. Nüßlein HG, Alten R, Galeazzi M, et al. Prognostic
factors for abatacept retention in patients who
received at least one prior biologic agent: an
interim analysis from the observational, prospec-
tive ACTION study. BMC Musculoskelet Disord.
2015;16:176. https://doi.org/10.1186/s12891-015-
0636-9.

11. De Vera MA, Mailman J, Galo JS. Economics of non-
adherence to biologic therapies in rheumatoid
arthritis. Curr Rheumatol Rep. 2014;16(11):460.
https://doi.org/10.1007/s11926-014-0460-5.
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