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Abstract

Background Novel disease-modifying antirheumatic drugs (DMARDs) can slow disease progression among patients with
rheumatoid arthritis (RA) and psoriatic arthritis (PsA); however, some health plans require prior authorization (PA) or step
therapy for access to treatments.

Objectives This retrospective study compared treatment effectiveness among RA and PsA patients with and without plan-
level access restrictions to biologic DMARDs (b DMARDs) or targeted synthetic DMARDs (tsDMARDs). Medication
adherence, a component of effectiveness, was also examined as a secondary outcome.

Methods RA and PsA patients aged 18—64 years with one or more claims for subcutaneous bDMARDSs between January 1,
2014 and December 31, 2015, with plan-level access data available, were identified within the IBM MarketScan claims data-
base. The primary outcome was treatment effectiveness assessed during the 12 months following the first qualifying DMARD
claim. Multivariate modeling examined the correlation between access restrictions and treatment effectiveness. Medication
adherence during the 12-month follow-up period was also compared between patients with and without access restrictions.
Results Among 3993 RA and 1713 PsA patients, 34.2 and 35.1%, respectively, had access restrictions, of whom 70.5 and
78.9%, respectively, had plans with step therapy. Compared with patients whose plans did not require step therapy, odds
of treatment effectiveness were 19% lower (odds ratio [OR] 0.81, 95% CI: 0.67-0.98; p = 0.033) for RA patients and 27%
lower (OR 0.73, 95% CI: 0.55-0.98; p=0.037) for PsA patients in plans with step therapy. Differences in effectiveness were
driven by differences in medication adherence, the odds of which were 19% lower (OR 0.81, 95% CI 0.68-0.96; p=0.014)
among RA patients and 29% lower (OR 0.71, 95% CI: 0.54-0.94; p =0.017) among PsA patients in plans with versus without
step therapy.

Conclusions Compared with patients in plans without access restrictions or with PA only, RA and PsA patients in insurance
plans with step therapy had lower odds of treatment effectiveness, mainly due to lower odds of adhering to treatment, during
the 12 months following subcutaneous bDMARD initiation.

1 Introduction
Key Points for Decision Makers

Rheumatoid arthritis (RA) is one of the most common auto-
immune conditions in the US, affecting approximately 1.3
million American adults, with approximately 41 new cases

Patient access to biologic DMARDs (bDMARDs) and
targeted synthetic DMARDSs (tsDMARDs) may impact
medication treatment effectiveness by lowering the odds
of medication adherence.
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per 100,000 people each year [1-3]. Symptoms include
painful swelling of the joints, typically starting in the hands
and feet and leading to bone erosion, physical limitations
and disability [4, 5]. The societal and economic burden of
RA is substantial, with a work disability rate of more than
one-third within 10 years, and over $8 billion in RA-related
healthcare costs annually [5, 6]. Psoriatic arthritis (PsA)
occurs in up to 24% of the approximately 7 million Ameri-
can adults living with psoriasis [7, 8], and, for many, shares
some of the clinical features of RA, although is generally
milder in presentation [9]. Indirect cost estimates of $11,000
and direct cost estimates of between $12,000 and $24,000
per patient are attributable to PsA annually [10, 11].

Both conditions are immune-mediated, and patient out-
comes have benefited from the rapid advances in novel
disease-modifying antirheumatic drugs (DMARDs), which
reduce inflammation and slow disease progression [12]. The
conventional synthetic DMARD (csDMARD) methotrex-
ate, is the preferred first-line therapy due to its history of
clinical success, ease of use, and low cost [13]; however,
most patients will discontinue therapy within 3-5 years
due to disease progression or adverse events [14, 15]. For
patients with RA, when methotrexate is deemed insufficient
for disease control, the American College of Rheumatology
(ACR) recommends adding either an additional csDMARD
or initiating a biologic DMARD (bDMARD) with or without
continuation of methotrexate [16]. If low disease activity or
remission is not initially achieved, the guidelines expand
to include targeted synthetic DMARDs (tsDMARD) or any
combination of the previously mentioned drug categories.

However, it may be difficult for some patients and their
physicians to optimize therapy for RA or PsA as many insur-
ance formularies dictate treatment choices by requirement of
a prior authorization (PA) before a drug could be covered,
or a stepped approach to drug therapy in which multiple
rounds of less expensive drugs must be prescribed before
other, more costly therapies, such as a bDMARD, could be
covered. RA and PsA are heterogeneous diseases, therefore
one patient may not respond to the same therapy as another
patient. Treatment guidelines advocate for a treat-to-target
strategy, which should allow for selection of an optimal
treatment choice [12]. The impact of such formulary restric-
tions on treatment outcomes among RA and PsA patients
is unclear. The main objective of this study was to com-
pare treatment effectiveness between patients prescribed a
subcutaneous biologic with and without health plan-level
bDMARD or tsDMARD access restrictions. Medication
adherence, a component of treatment effectiveness, was also
compared between groups.
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2 Methods
2.1 Data Source

Data for this study were drawn from the IBM MarketScan®
Commercial Claims and Encounters Database (IBM Cor-
poration, Armonk, NY, USA), which contains the inpatient,
outpatient medical, and outpatient prescription drug claims
of approximately 137.6 million employees and their depend-
ents, covered under a variety of fee-for-service and man-
aged care health plans between 1995 and 2017, including
24.4 million lives in 2016 (the follow-up year of the current
study). The pharmacy benefit plan formulary data were pro-
vided by Managed Markets Insights and Technology, Inc.
(MMIT, Yardley, PA, USA). MMIT’s database contains
information on formulary design for the treatments of inter-
est, by plan provider and type. Patient data from MarketScan
were linked with formulary data from the MMIT database
by plan provider and type to determine patient-level drug
access restrictions.

2.2 Study Population

Patients meeting the following inclusion criteria were eli-
gible for study inclusion (Fig. 1): (1) at least one claim for
a bDMARD or tsDMARD between January 1, 2014 and
December 31, 2015 (study period), and the date of the first
prescription during the study period was the patient’s index
date; (2) at least 18 years of age on the index date; (3) at
least 6 months of continuous enrollment in an insurance plan
with medical and pharmacy benefits prior to the index date
(baseline period); (4) at least one non-diagnostic medical
claim with a diagnosis code for RA or PsA during the base-
line period (Online Resource 1); and (5) having continuous
benefit enrollment in the same insurance carrier from the
index date through the 12-month follow-up period. Patients
were excluded from the study if they had any claims for the
index drug during the baseline period, or any non-diagnostic
claims with a diagnosis of ankylosing spondylitis, Crohn’s
disease, juvenile idiopathic arthritis, or ulcerative colitis any
time during the study period. RA patients with any claims
for apremilast, secukinumab, or ustekinumab during the
study period were excluded, as were PsA patients with any
claims with a diagnosis code for RA during the baseline
period.

Patients meeting all the above criteria were stratified into
two mutually exclusive cohorts, i.e. RA with or without PsA,
and PsA only. Patients were linked to health plan-level for-
mulary structure data to determine whether their insurance
plans had access restrictions to bDMARDs or tsDMARDs.
Since adherence is part of the definition of treatment effec-
tiveness used in this study [19], only patients who indexed
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>1 claim for a biologic medication or tsDMARD to treat rheumatoid arthritis (RA) or psoriatic arthritis (PsA),
between January 1, 2014 and December 31,2015 (date of the first claim is the index date)
N=196,169

!

AND 18-64 years old on the index date with continuous medical and pharmacy benefits for >6 months
before the index date (baseline period)
N=131,822

|

AND no claims for the index medication during the baseline period
N=61,509

!

AND >1 non-diagnostic claim with a diagnosis of RA or PsA during the baseline period
N=25,923

I

AND no evidence of ankylosing spondylitis, Crohn’s disease, juvenile idiopathic arthritis, or
ulcerative colitis during the study period (July 1, 2013 - December 31, 2016)
N =24,222

|

AND continuous benefit enrollment in the same insurance carrier from the index date
through >12 months after the index date (follow-up period)
N=14,878
v I v

Eligible? RA patients (w/ or w/o

PsA) who indexed on a

subcutaneous biologic
N=10,550 N=4,207

v v

AND plan-level access
restriction data available

Eligible® PsA patients who indexed
on a subcutaneous biologic

AND plan-level access
restriction data available

N=3,993 N=1,713
l I
v v v v
Any access No access Any access No access
restrictions restrictions restrictions restrictions
N=1,364 N=2,629 N=601 N=1,112
I
v v v v
PA Step PA Step
only therapy only therapy
N=403 N=961 N=127 N=474

Fig.1 Patient selection. a No prescription for PsA-only treatment
(apremilast, secukinumab, or ustekinumab) during the study period.
b No prescription for RA-only treatment (anakinra, rituximab or
tocilizumab) during the study period. bDMARD biologic disease-

on a subcutaneous medication were included in the final
analysis as route of administration has been shown to impact
treatment adherence [17, 18]. However, access restriction
classification was based on restrictions to either bDMARDs

modifying antirheumatic drug, tsDMARD targeted synthetic disease-
modifying antirheumatic drug, PsA psoriatic arthritis, RA rheumatoid
arthritis

or tsDMARD:s since restricted access to either indicates that
patients cannot freely switch to other types of drugs. Ulti-
mately, patients who indexed on one of the following subcu-
taneous bDMARDs were included: abatacept, adalimumab,
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anakinra (RA only), certolizumab, etanercept, golimumab,
secukinumab (PsA only), tocilizumab (RA only), or usteki-
numab (PsA only). If a patient’s plan imposed either PA or
step therapy on any bDMARD or tsDMARD medication
indicated for RA or PsA, that patient was considered to have
access restrictions. Patient cohorts were then further strati-
fied by the presence of any access restrictions, as well as
by the type of access restriction, resulting in the following
cohorts: any access restrictions, PA only, step therapy with
or without PA, and no access restrictions.

2.3 Variables

The access restrictions described above (any access
restrictions, PA only, step therapy with or without PA
vs. no access restrictions) were the primary explanatory
variable in this study. The main outcome of interest was
treatment effectiveness during the follow-up period. A
claims-based algorithm, defined and validated by Curtis
et al. using the Disease Activity Score 28 (DAS28) as the
gold standard, and used in prior research regarding bio-
logic effectiveness, was used in this study to assess treat-
ment effectiveness [19-24]. Validation of this algorithm
required that algorithm-defined effectiveness be associ-
ated with high adherence to the medication and a DAS28
score indicating low disease activity, or an improvement
of at least 1.2 units in the DAS28 score. The requirement
for high adherence assured that qualifying DAS28 scores
could confidently be attributed to the medication [19].
Patients were considered to have been treated effectively
with their index medication if they met all of the follow-
ing six criteria during the 12-month follow-up period: (1)
were highly adherent to the index medication, defined
as having a proportion of days covered (PDC) of >80%
for the index medication during the 12-month follow-up
period (PDC calculated as the sum of days of supply for
all prescription claims divided by 365 days); (2) did not
switch to a new bDMARD or tsDMARD; (3) did not have
a new csDMARD (one not prescribed during the 6-month
baseline period) added to their medication regimen; (4) did
not have an increase in the dose or frequency of their index
drug; (5) had fewer than two intra-articular glucocorticoid
injections after the third month of follow-up; and (6) had
no more than 30 days of an oral glucocorticoid after the
third month of follow-up (for those with no oral glucocor-
ticoid prescription in the baseline period), or had a cumu-
lative dose increase of 120% or less between the 6-month
baseline period and the last 6 months of the follow-up
period (for those with an oral glucocorticoid prescription
in the baseline period). Adherence to the index medica-
tion was also examined as a secondary outcome, and the
frequency of each of the other treatment patterns described
above are also reported.
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Patient demographic and clinical characteristics were
assessed on the index date and during the baseline period,
respectively. Demographic characteristics including age,
sex, geographic region, urban residence, and insurance plan
type were measured on the index date. Clinical characteris-
tics including the Deyo—Charlson Comorbidity Index (DCI,
higher values indicated a higher number of select comorbidi-
ties) [25], select comorbid conditions (anemia, anxiety, car-
diovascular disease, chronic respiratory condition, depres-
sion, diabetes [type 1 or 2], dyslipidemia, fibromyalgia,
fragility fracture, hypertension, low back pain, malignancy,
osteoarthritis, osteoporosis, psoriasis), and select medica-
tions (-DMARDs, csDMARDs, tsDMARDs, glucocorti-
coids, antidepressants, antidiabetics, antihyperlipidemics,
antihypertensives, or pain medications, i.e. nonsteroidal anti-
inflammatory drugs [NSAIDs], opioids, other) were meas-
ured during the baseline period. Additionally, the number of
prescription claims for glucocorticoids, antidepressants, and
pain medications were annualized and reported per person
per year (PPPY).

Select healthcare resource utilization and costs were also
assessed during the baseline and follow-up periods between
access restriction cohorts. The proportion of patients with
an inpatient admission, emergency room (ER) visit, and RA-
related office visit in the baseline period were estimated.
Baseline medical costs (associated with inpatient and out-
patient medical claims), outpatient prescription costs, and
total healthcare costs (medical plus outpatient prescription
costs) were annualized and reported PPPY. Costs are the
paid amounts of fully adjudicated claims, including insurer
and health plan payments, as well as patient cost-sharing in
the form of co-payment, deductible, and co-insurance. All
costs were inflated to 2016 US dollars using the medical care
component of the Consumer Price Index.

2.4 Statistical Analysis

Mean, standard deviation (SD) and median were reported
for continuous variables, while frequencies and percentages
were reported for categorical variables. Bivariate compari-
sons, using Chi square tests for categorical variables and
t-tests for continuous variables, were made between the ‘any
access restrictions’ and ‘no access restrictions’ cohorts. RA
and PsA patients were analyzed separately.

Multivariate analysis examined differences in the main
outcome of treatment effectiveness between patients with
and without access restrictions, while controlling for base-
line demographic, clinical and economic characteristics.
Two mutually exclusive cohorts (RA and PsA) were ana-
lyzed separately in all statistical models. Separate models
were constructed with any access restrictions, PA only, and
step therapy (with or without PA) as the main explanatory
variables. Medication adherence was also examined as a
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secondary outcome in multivariate models. Sixteen mod-
els were constructed, and each model was adjusted for age,
sex, geographic region, urban residence, health plan type,
index year, select comorbid conditions (excluding fragil-
ity fractures due to low prevalence), baseline bDMARD or
tsDMARD use, baseline glucocorticoid use, total baseline
healthcare costs, and the number of rheumatologist visits
in the baseline period. Odds ratios (ORs), 95% confidence
intervals (CI), and p-values were produced by logistic
regression models, indicating the relative likelihood of
medication adherence or treatment effectiveness associated
with having each level of access restrictions, compared with
all other levels of restrictions (i.e. any restrictions vs. no
restrictions; PA only vs. step therapy or no restrictions; step
therapy vs. PA only or no restrictions). All analyses were
performed using R statistical software version 3.5.0 (The
R Foundation for Statistical Computing, Vienna, Austria;
ISBN 3-900051-07-0, URL http://www.R-project.org/). A p
value < 0.05 was considered statistically significant. P-val-
ues were not adjusted for multiple comparisons.

3 Results

A total of 3993 RA patients and 1713 PsA patients in the
MarketScan databases met all eligibility criteria and were
included in the analysis (Fig. 1). These patients were dis-
tributed across a total of 101 insurance plans, 85% of which
were national (vs. regional) plans. Approximately one-third
of eligible patients (1364 [34.2%] RA patients and 601
[35.1%] PsA patients) from 25 (23%) different insurance
plans, had access restrictions to at least one bDMARD or
tsDMARD to treat RA or PsA. Among patients with access
restrictions, 961 (70.5%) RA patients and 474 (78.9%) PsA
patients were in plans that required step therapy, with or
without PA, and 403 (29.5%) RA patients and 127 (21.1%)
PsA patients were in plans that required PA only. The
remaining 2629 (65.8%) RA patients and 1112 (64.9%)
PsA patients with no access restrictions to any of the study
medications represented 82 (77%) different insurance plans.

3.1 Baseline Characteristics of Rheumatoid Arthritis
(RA) Patients

Baseline demographic and clinical characteristics of RA
patients are shown in Table 1 and in Online Resource 2. RA
patients were predominately female (77.7%) and, on average,
50.1 +£9.8 years of age on their index date (Table 1). The
majority resided in the southern region of the US (53.2%),
lived in an urban area (85.7%), and were enrolled in an
exclusive provider organization (EPO) or preferred provider
organization (PPO) insurance plan (56.9%) during the study
period (Online Resource 2).

The average DCI was 1.4 +0.8, and the most common
comorbid conditions of interest were hypertension (27.2%),
osteoarthritis (23.1%), and dyslipidemia (14.3%). Patients
with any access restrictions had a higher DCI compared
with patients with no restrictions (1.4 +0.9 vs. 1.3+0.8;
p < 0.001). Some comorbid conditions were also sig-
nificantly more common among patients with any access
restrictions, compared with no access restrictions, includ-
ing chronic respiratory conditions, diabetes, dyslipidemia,
hypertension, and osteoarthritis (all p <0.05).

Select baseline medication and healthcare utilization
are reported in Table 2. RA patients with access restric-
tions were more likely to have at least one csDMARD
or glucocorticoid prescription claim during the baseline
period, and had significantly more glucocorticoid pre-
scription claims, compared with those without access
restrictions (all p < 0.05). Patients with any access restric-
tions were also more likely to have at least one prescrip-
tion for an antidiabetic medication or an antihyperten-
sive medication during the baseline period compared
with patients with no access restrictions (both p <0.01).
Similar proportions of patients with and without access
restrictions had at least one prescription for an antide-
pressant, although patients with access restrictions had
significantly more antidepressant prescription claims per
patient than those without access restrictions (p <0.001).
There was no significant difference in the proportion of
patients with at least one prescription claim for opioids,
NSAIDs, or other pain medications; however, patients
with access restrictions filled significantly more NSAID
prescriptions per patient than those without access restric-
tions (p < 0.001). Similar proportions of patients with
and without access restrictions had at least one inpatient
admission (any cause and infection-related) and at least
one RA-related office visit in the baseline period. A
significantly higher proportion of patients with access
restrictions had at least one ER visit in the baseline period
compared with those without access restrictions (8.9%
vs. 4.8%; p < 0.001), and there were no significant dif-
ferences in medical costs, outpatient prescription costs,
or total healthcare costs in the baseline period between
patients with and without access restrictions.

3.2 Treatment Patterns of RA Patients

The unadjusted results for treatment effectiveness, as well
as medication adherence and the frequency of specific treat-
ment modifications, are shown in Table 3. In the unadjusted
analysis, patients with any access restrictions were less likely
to meet the definition of treatment effectiveness with their
index medication during the 12-month follow-up period
compared with patients with no access restrictions (20.0%
vs. 22.8%; p=0.045). The mean PDC for RA patients
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Table 1 Baseline demographic

o e All RA Access restrictions p value (any vs. none)
and Chmc‘al chara.lc.terlst.lcs of patients
rheumatoid arthritis patients [N=3993] Any [n=1364] None [n=2629]

Age, years (mean [SD]) 50.1[9.8] 50.4 [9.6] 50.0 [9.8] 0.294

Age group, years
18-34 360 (9.0) 115 (8.4) 245 (9.3) 0.353
35-44 649 (16.3) 209 (15.3) 440 (16.7) 0.251
45-54 1356 (34.0) 479 (35.1) 877 (33.4) 0.266
55-64 1628 (40.8) 561 (41.1) 1067 (40.6) 0.740

Male 889 (22.3) 313 (22.9) 576 (21.9) 0.455

Region
Northeast 484 (12.1) 132 (9.7) 352 (13.4) 0.001*
North Central 845 (21.2) 192 (14.1) 653 (24.8) <0.001%**
South/unknown 2131 (53.4) 845 (62.0) 1286 (48.9) <0.001%**
West 533 (13.3) 195 (14.3) 338 (12.9) 0.205

Urban residence 3422 (85.7 1050 (77.0) 2372 (90.2) <0.001%**

EPO/PPO insurance 2272 (56.9) 749 (54.9) 1523 (57.9) 0.068

DCI (mean [SD]) 1.4 [0.8] 1.4[0.9] 1.3[0.8] <0.001%*%*

Comorbid conditions
Anemia 266 (6.7) 96 (7.0) 170 (6.5) 0.492
Anxiety 292 (7.3) 108 (7.9) 184 (7.0) 0.290
Cardiovascular disease 233 (5.8) 85(6.2) 148 (5.6) 0.441
Chronic respiratory condition 406 (10.2) 160 (11.7) 246 (9.4) 0.019*
Depression 376 (9.4) 137 (10.0) 239 (9.1) 0.328
Diabetes (type 1 or 2) 496 (12.4) 206 (15.1) 290 (11.0) <0.001%%*
Dyslipidemia 571 (14.3) 221 (16.2) 350 (13.3) 0.013*
Fibromyalgia 464 (11.6) 154 (11.3) 310 (11.8) 0.639
Fragility fracture 15 (0.4) 7(0.5) 8(0.3) 0.306
Hypertension 1087 (27.2) 444 (32.6) 643 (24.5) <0.001%*%*
Low back pain 408 (10.2) 147 (10.8) 261 (9.9) 0.401
Malignancy 111 (2.8) 36 (2.6) 75(2.9) 0.697
Osteoarthritis 924 (23.1) 362 (26.5) 562 (21.4) <0.001%*%*
Osteoporosis 172 (4.3) 62 (4.5) 110 (4.2) 0.594
Psoriasis 104 (2.6) 39 (2.9) 65 (2.5) 0.467

Data are expressed as n (%) unless otherwise specified

SD standard deviation, EPO/PPO exclusive provider organization/preferred provider organization, DCI
Deyo—Charlson Comorbidity Index, RA rheumatoid arthritis, *p < 0.05, **p < 0.001

with any access restrictions was significantly lower than
among those without access restrictions (51.8% vs. 55.7%;
p <0.001). Patients with any access restrictions to RA medi-
cations were less likely to have high adherence to their index
medication than those without access restrictions (25.8%
vs. 29.3%; p <0.001). There was no statistically significant
difference between patients with and without access restric-
tions for any of the other criteria of the treatment effective-
ness algorithm. The most common treatment modification
among RA patients was switching to a new bDMARD or
tsDMARD (16.6%).

After controlling for patient demographic and clinical
characteristics, having any access restrictions (PA or step
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therapy) was not significantly associated with the odds
of treatment effectiveness (OR 0.93, 95% CI 0.78-1.10;
p=0.376) among RA patients receiving subcutaneous
bDMARD:s (Fig. 2). However, among the subset of patients
whose access restrictions included step therapy (with or
without PA), the odds of treatment effectiveness during
12 months of follow-up were 19% lower (OR 0.81, 95% CI
0.67-0.98; p=0.033) compared with all other groups, and
17% lower (OR 0.83, 95% CI 0.68-1.01; p=0.06) when
compared with patients with no access restriction. Simi-
larly, having any access restrictions was not significantly
associated with the odds of medication adherence (OR 0.90,
95% CI 0.77-1.05; p=0.182), but the odds of adherence
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Table 2 Baseline outpatient prescription drug use, healthcare resource utilization and costs for rheumatoid arthritis patients

All RA patients [N=3993] Access restrictions

p value (any vs. none)

Any [n=1364] None [n=2629]

Medications
bDMARD 157 (3.9)
tsDMARD 11 (0.3)
csDMARD 3046 (76.3)
Glucocorticoid 2802 (70.2)
Mean [SD] number of glucocorticoid claims 6.6 [4.8]
PPPY
Antidepressant 1259 (31.5)
Mean [SD] number of antidepressant claims 7.5[5.5]
PPPY
Antidiabetic 391 (9.8)
Antihyperlipidemic 796 (19.9)
Antihypertensive 1465 (36.7)
Pain medication 2595 (65.0)
Opioid 1764 (44.2)
Mean [SD] number of opioid claims PPPY 7.9[7.5]
NSAID 1761 (44.1)
Mean [SD] number of NSAID claims PPPY 5.41[3.7]
Other pain medication 705 (17.7)
Mean [SD] number of other pain medication 4.9 [4.0]
claims PPPY
Healthcare utilization
IP admission 202 (5.1)
IP admission due to infection 27 (0.7)
Emergency room visits 248 (6.2)
RA-related office visits 2329 (58.3)

Healthcare costs PPPY

Medical costs (mean [SD]) $5900 [$25,273]

Medical costs (median) $1321
OP prescription costs (mean [SD]) $4563 [$14,045]
OP prescription costs (median) $1656

Total healthcare costs (mean [SD])

Total healthcare costs (median) $3756

$10,463 [$29,738]

63 (4.6) 94 (3.6) 0.108
4(0.3) 7(0.3) 0.877
1073 (78.7) 1973 (75.0) 0.011%*
998 (73.2) 1804 (68.6) 0.003*
7.0 [5.0] 6.4 [4.6] 0.001%*
453 (33.2) 806 (30.7) 0.100
8.9 [6.2] 6.8 [4.9] <0.001%*
157 (11.5) 234 (8.9) 0.009%*
287 (21.0) 509 (19.4) 0.208
543 (39.8) 922 (35.1) 0.003*
900 (66.0) 1695 (64.5) 0.343
611 (44.8) 1153 (43.9) 0.571
8.1[7.8] 7.717.3] 0.370
618 (45.3) 1143 (43.5) 0.269
5.8 [4.2] 5.1[3.5] <0.001%*
253 (18.5) 452 (17.2) 0.287
5.1[3.6] 4.9[4.2] 0.550
61 (4.5) 141 (5.4) 0.223

8 (0.6) 19 (0.7) 0.618
122 (8.9) 126 (4.8) <0.001%*
791 (58.0) 1538 (58.5) 0.757
$5362 [$24,285] $6179 [$25,771] 0.333
$1255 $1355

$4247 [$9501]  $4727 [$15,899] 0.306
$1798 $1569

$9609 [$26,361] $10,906 [$31,343]  0.191
$3716 $3801

Data are expressed as n (%) unless otherwise specified

DMARD disease-modifying antirheumatic drug, bDMARD biologic DMARD, tsDMARD targeted synthetic DMARD, csDMARD conventional
synthetic DMARD, SD standard deviation, PPPY per patient per year, NSAID nonsteroidal anti-inflammatory drug, RA rheumatoid arthritis, /P

inpatient, OP outpatient, *p <0.05, **p <0.001

were 19% lower (OR 0.81, 95% CI 0.68-0.96; p=0.014) for
patients with step therapy requirements compared with all
other restriction groups, and 18% lower (OR 0.82, 95% CI
0.69-0.98; p=0.025) when compared with patients with no
restrictions. Baseline factors that were significantly associ-
ated with lower odds of treatment effectiveness and medica-
tion adherence included younger age, female sex, living in
the south, and a baseline diagnosis of anxiety or depression
(Fig. 3 and Online Resource 3). Patients with diabetes, fibro-
myalgia, hypertension, or baseline glucocorticoid use had

lower odds of treatment effectiveness, while those who filled
prescriptions for a bDMARD or tsDMARD in the baseline
period had higher odds of medication adherence.

3.3 Healthcare Resource Utilization and Costs
for RA Patients

The unadjusted results for healthcare resource utili-

zation and costs measured in the 12-month follow-up
period are shown in Table 4. While patients with any
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Table 3 Treatment patterns of rheumatoid arthritis patients from the index date through the 12-month follow-up period

All RA patients ~ Access restrictions p value (any vs. none)
[N=3993]
Any [n=1364] None [n=2629]

Effective treatment® 872 (21.8) 273 (20.0) 599 (22.8) 0.045%*
PDC, % (mean [SD]) 54.3 [30.8] 51.8 [30.9] 55.7 [30.7] <0.001%*%*
Adherent (PDC >80%) 1122 (28.1) 352 (25.8) 770 (29.3) 0.020*

Treatment modifications
One or more treatment modifications 1143 (28.6) 389 (28.5) 754 (28.7) 0.915
Days to first treatment modification (mean [SD]) 145.2 [98.4] 145.1 [99.8] 145.2 [97.7] 0.991
Addition of a new csDMARD 316 (7.9) 103 (7.6) 213 (8.1) 0.541
Increase in the index drug dose® 92 (2.3) 40 (2.9) 52 (2.0) 0.057
Switch to a new bDMARD or tsDMARD 662 (16.6) 230 (16.9) 432 (16.4) 0.729
Number of switches (mean [SD]) 1[1.4] 2[1.6] 1[1.3] 0.306
Addition of a new glucocorticoid, or increase in dose 164 (4.1) 63 (4.6) 101 (3.8) 0.241
Two or more intra-articular corticosteroid injections® 242 (6.1) 88 (6.5) 154 (5.9) 0.456
Discontinuation® of index drug 3026 (75.8) 1052 (77.1) 1974 (75.1) 0.153
Restart index drug after > 30-day gap 824 (20.6) 261 (19.1) 563 (21.4) 0.091

Data are expressed as n (%) unless otherwise specified

SD standard deviation, DMARD disease-modifying antirheumatic drug, csDMARD conventional synthetic DMARD, bDMARD biologic
DMARD, tsDMARD targeted synthetic DMARD, RA rheumatoid arthritis, PDC proportion of days covered, *p <0.05, **p <0.001

“PDC > 80% and the absence of any of the listed treatment modifications
"Defined separately for each medication using a validated algorithm [18]

“Corticosteroid injections during months 4—12 of follow-up

4> 30-day gap in days of supply

OR (95%Cl) P value

Medication adherence

Any access restrictions vs. no access restrictions —a— 0.90 (0.77-1.05) 0.182

PA only vs. step therapy or no access restrictions —— 1.18 (0.93-1.50) 0.165

Step therapy vs. no step therapy —— 0.81 (0.68-0.96) 0.014

Step therapy vs. no access restrictions —— 0.82 (0.69-0.98) 0.025
Treatment effectiveness

Any access restrictions vs. no access restrictions — 0.93 (0.78-1.10) 0.376

PA only vs. step therapy or no access restrictions —— 1.24 (0.96-1.60) 0.100

Step therapy vs. no step therapy — 0.81 (0.67-0.98) 0.033

Step therapy vs. no access restrictions \ —— : 0.83 (0.68-1.01) 0.060

0.50 1.0 20
<---Less Likely---  ---More Likely--->

Note: blue shading indicates statistical significance.

Fig.2 Odds of treatment effectiveness and medication adherence for rheumatoid arthritis patients with different types of access restrictions. Blue
shading and bolded p values indicate statistical significance (p <0.05). CI confidence interval, OR odds ratio, PA prior authorization

access restriction were only slightly more likely to have
any inpatient admission during the 12-month follow-up
period compared with patients without access restrictions
(7.8% vs. 7.0%; p=0.330), they were three times as likely
to have an inpatient admission for infection than those
without access restrictions (2.3% vs. 0.8%; p <0.001).
Consistent with baseline, almost twice as many patients
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with any access restrictions had at least one visit to the
ER during follow-up compared with those without access
restrictions (12.2% vs. 6.8%; p <0.001). Patients without
access restrictions had 7.4% higher total healthcare costs
than those with access restrictions (p =0.003), which
were mainly driven by significant differences in phar-
macy costs, overall and per prescription.
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Medication Adherence

Medication Effectiveness

OR (95%Cl) P value OR (95%Cl) P value

Any access restrictions —=— 0.90 (0.77-1.05) 0.182 I—I—H 0.93 (0.78-1.10) 0.376
Age group (ref: 55-64)

18-34 A 0.67 (0.50-0.89) 0.005 A 0.67 (0.49-0.91) 0.010

35-44 f—a— 0.80 (0.65-1.00) 0.049 —a— 0.83 (0.65-1.05) 0.112

45-54 —— 1.04 (0.88-1.22) 0.658 f—=— 1.04 (0.87-1.24) 0.684
Male —a— 1.24 (1.05-1.46) 0.011 ‘ —a— 1.26 (1.05-1.51) 0.011
Region (ref: Northeast)

North Central —a— 0.94 (0.73-1.20)  0.603 —a— 0.97 (0.75-1.26) 0.817

South/unknown —a— 0.69 (0.56-0.86) 0.001 A 0.71 (0.56-0.90)  0.004

West —a— 0.87 (0.67-1.14)  0.320 P—a— 0.87 (0.65-1.16)  0.343
Rural/unknown (vs. urban) p—a— 0.87 (0.71-1.07) 0.196 I—l—}—| 0.94 (0.75-1.18) 0.617
EPO/PPO (vs. other insurance plan type) —=— 1.00 (0.87-1.15)  0.988 F—a— 1.03 (0.88-1.20) 0.718
Pre-index comorbidities

Anemia —a— 0.90 (0.67-1.21)  0.486 —a— 0.86 (0.62-1.21)  0.387

Anxiety or depression p—a— 0.75 (0.60-0.94) 0.011 f—— 0.72 (0.56-0.92) 0.010

CVD ] 0.73 (0.53-1.01)  0.054 ] 0.71 (0.49-1.03)  0.068

Respiratory condition —— 1.07 (0.85-1.36) 0.562 —a—A 0.97 (0.75-1.27) 0.848

Diabetes (type 1 or 2) —a— 0.91(0.73-1.14) 0.428 —a— 0.76 (0.59-0.98)  0.036

Dyslipidemia —=— 1.01 (0.81-1.25)  0.930 A 1.02 (0.80-1.30) 0.863

Fibromyalgia —a— 0.82 (0.65-1.04) 0.098 —a— 0.74 (0.56-0.97)  0.027

Hypertension —=— 0.86 (0.72-1.02)  0.082 —e— 0.82 (0.67-0.99) 0.042

Low back pain —a— 0.90 (0.70-1.14)  0.379 —a— 0.77 (0.58-1.02) 0.073

Malignancy P 0.82 (0.53-1.28) 0.389 P 1.10 (0.70-1.73)  0.681

Osteoarthritis —=— 0.92 (0.77-1.09) 0.346 —=— 0.88 (0.73-1.07) 0.196

Osteoporosis —a— 0.94 (0.66-1.33) 0.713 P 0.99 (0.67-1.45) 0.943

Psoriasis A 0.81(0.51-1.28) 0.367 I—l]—| 0.96 (0.59-1.56) 0.879
Pre-index bDMARD or tsDMARD f——®— 1.42(1.02-1.99) 0.038 A 1.08 (0.74-1.57) 0.703
Pre-index healthcare costs L 1.00 (1.00-1.00)  0.492 u 1.00 (1.00-1.00) 0.727
Number of pre-index rheumatologist visits HH 0.98 (0.92-1.06) 0.676 - 1.01(0.93-1.09) 0.821
Pre-index glucocorticoid —=— 1.01(0.86-1.17) 0.932 —=— 0.82 (0.70-0.97) 0.021

T 1 ’ T T 1
0.50 1.0 20 0.50 1.0 20
<---Less Likely--- ---More Likely---> <---Less Likely--- ---More Likely--->

Note: blue shading indicates statistical significance.

Fig.3 Multivariate analysis of factors influencing treatment effec-
tiveness and medication adherence for rheumatoid arthritis patients.
Blue shading and bolded p values indicate statistical significance
(p<0.05). bDMARD biologic DMARD, CI confidence interval,

3.4 Psoriatic Arthritis Patients

The analysis of 1713 patients diagnosed with PsA found
similar results as those for RA patients. Baseline charac-
teristics, including demographics, comorbidities, con-
comitant medications, healthcare resource utilization, and
costs, are reported in Online Resource 4. In brief, PSA
patients were slightly younger than their RA counterparts
(47.4+10.4 years of age), less likely to be female (53.9%),
and had a lower DCI (0.3 +£0.8). Approximately half
(54.3%) of the PsA cohort had a claim for psoriasis dur-
ing the 6-month baseline period, and the prevalence was
slightly higher among patients with any access restrictions
compared with those without access restrictions (57.7% vs.
52.4%; p=0.035). In addition, hypertension and depression
were more common among patients with access restrictions
(both p <0.05).

Among PsA patients, those with any access restrictions
were more likely to have at least one outpatient prescrip-
tion claim for a csDMARD, glucocorticoid, or NSAID
(all p <0.05) than those with no access restrictions in the
baseline period (Online Resource 3). Patients with access

DMARD disease-modifying antirheumatic drug, EPO exclusive pro-
vider organization, OR odds ratio, PPO preferred provider organiza-
tion, tsDMARD targeted synthetic DMARD

restrictions also had more frequent inpatient admissions in
the baseline period than those without access restrictions
(2.4+0.8 PPPY vs. 2.1 +0.3 PPPY; p=0.038).

Similar to RA patients, having any access restrictions
was not significantly associated with the odds of treat-
ment effectiveness (OR 0.87,95% CI 0.67-1.14; p=0.315)
or medication adherence (OR 0.82, 95% CI 0.64—1.06;
p=0.126) among PsA patients receiving subcutaneous
bDMARDSs (Online Resource 3). However, the subset of
patients whose access restrictions included step therapy
had 27% lower odds of treatment effectiveness (OR 0.73,
95% CI 0.54-0.98; p=0.037) compared with all other
patients (PA only or no access restrictions), and 25% lower
odds (OR 0.75, 95% CI 0.56-1.02; p =0.06) than patients
who did not have access restrictions. The odds of medica-
tion adherence were 29% lower (OR 0.71, 95% 0.54-0.94;
p=0.017) among PsA patients with step therapy require-
ments compared with all other patients, and 27% lower
(OR 0.73, 95% CI 0.55-0.96; p=0.026) when compared
with patients with no restrictions.

Male sex and a higher number of rheumatologist visits
in the baseline period were associated with higher odds of
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Table 4 Outpatient prescription drug use, healthcare resource utilization and costs for rheumatoid arthritis patients measured in the 12-month

follow-up period

All RA patients [N=3993]

Access restrictions p value (any vs. none)

Any [N=1364] None [N=2629]

Medications
bDMARD 3988 (99.9)
tsDMARD 105 (2.6)
¢sDMARD 2700 (67.6)
Glucocorticoid 2596 (65.0)
Mean [SD] number of glucocorticoid claims 4.2[3.9]
Antidepressant 1362 (34.1)
Mean [SD] number of antidepressant claims 5.9 [4.9]
Antidiabetic 440 (11.0)
Antihyperlipidemic 881 (22.1)
Antihypertensive 1612 (40.4)
Pain medication 2539 (63.4)
Opioid 1817 (45.5)
Mean [SD] number of opioid claims 6.0 [6.6]
NSAID 1655 (41.1)
Mean [SD] number of NSAID claims 3.8 [3.2]
Other pain medication 736 (18.4)
Mean [SD] number of other pain medication 3.6 [3.5]
claims
Healthcare utilization
IP admission 291 (7.3)
IP admission due to infection 54 (1.4)
Emergency room visits 346 (8.7)
RA-related office visits 2534 (63.5)

Healthcare costs PPPY

Medical costs (mean [SD]) $4772 [$17,280]

Medical costs (median) $905

OP prescription costs (mean [SD]) $26,658 [$16,435]
OP prescription costs (median) $28,596

Cost per OP prescription (mean [SD]) $1191 [$1194]
Cost per OP prescription (median) $872

Total healthcare costs (mean [SD]) $33,429 [$24,025]
Total healthcare costs (median) $32,063

1361 (99.8) 2627 (99.9) 0.223
29 (2.1) 73 (2.9) 0.152
944 (69.2) 1756 (66.8) 0.122
901 (66.1) 1695 (64.5) 0.320
4.6[4.2] 4.0[3.7] <0.001%*
479 (35.1) 883 (33.6) 0.333
6.9 [5.7] 5.3 [4.2] <0.001
176 (12.9) 264 (10.0) 0.006*
300 (22.0) 581 (22.1) 0.939
587 (43.0) 1025 (39.0) 0.013%
885 (64.9) 1646 (62.6) 0.157
627 (46.0) 1190 (45.3) 0.672
6.1 [6.6] 5.9[6.6] 0.624
579 (42.4) 1076 (40.9) 0.355
42[3.6] 3.5[2.9] <0.001%*
259 (19.0) 477 (18.1) 0.514
3.713.5] 3.5[3.5] 0.327
107 (7.8) 184 (7.0) 0.330
32(2.3) 22 (0.8) <0.001%*
167 (12.2) 179 (6.8) <0.001%*
842 (61.7) 1692 (64.4) 0.102
$4488 [$16,834]  $4919 [$17,508] 0.454
$802 $976

$27,390 [$15,829] $29,315 [$16,706] <0.001%*
$27,121 $29,380

$992 [$959] $1294 [$1287] <0.001%*
$728 $955

$31,878 [$23,420] $34,235[$24,298]  0.003*
$30,424 $32,638

DMARD disease-modifying antirheumatic drug, bDMARD biologic DMARD, tsDMARD targeted synthetic DMARD, csDMARD conventional
synthetic DMARD, SD standard deviation, NSAID nonsteroidal anti-inflammatory drug, PPPY per patient per year, RA rtheumatoid arthritis, /P

inpatient, OP outpatient, *p <0.05, **p <0.001

treatment effectiveness and medication adherence. While
rural residency and baseline prescriptions for bDMARDs
or tsDMARDs were associated with higher odds of medica-
tion adherence, a baseline diagnosis of anemia or a chronic
respiratory condition was associated with lower odds of
treatment effectiveness.
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4 Discussion

In this retrospective claims-based cohort study, RA patients
whose insurance plans required a stepped approach to the
prescription of bDMARDs or tsDMARD:s for the treatment
of their disease had 17-19% lower odds of treatment effec-
tiveness compared with patients who did not have access
restrictions or whose access restrictions only included PA.
Examination of the components of treatment effectiveness
revealed that differences in effectiveness between groups
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were driven by differences in medication adherence as those
with step therapy requirements had 18-19% lower odds of
adherence compared with PA only or no restrictions. Among
PsA patients, the decrease in the odds of treatment effective-
ness associated with step therapy requirements was 25-27%,
driven by 27-29% lower odds of medication adherence for
PsA patients with step therapy. These associations were
weakened and lost statistical significance when patients with
PA and patients with step therapy were combined into a sin-
gle cohort, indicating that step therapy is a stronger deterrent
to treatment effectiveness than PA alone.

Formulary restrictions may also be leading to higher
utilization of healthcare resources. In this study, ER vis-
its and inpatient admissions due to infections were higher
among RA patients with access restrictions than those
patients without access restrictions. Additionally, patients
with access restrictions filled significantly more prescrip-
tions for glucocorticoids and NSAIDs than patients without
access restrictions, which could be an indication of poorly
managed disease. However, total healthcare costs were sig-
nificantly higher among RA patients without access restric-
tions, mainly due to higher prescription costs.

Among RA patients, poor adherence was the primary rea-
son patients failed to meet the criteria for treatment effec-
tiveness. In this study population, only 28.1% of patients
met the criteria for adherence. Previous studies among RA
patients treated with subcutaneous bDMARDSs have reported
adherence and effectiveness ranging from 16 to 81% depend-
ing on methodology, pharmaceutical agent, and patient pop-
ulation [26-28]. Other leading reasons for failing to meet the
effectiveness criteria were the addition of a new csDMARD
or switching to a new bDMARD or tsDMARD, which is
consistent with a previous study using the Curtis algorithm
to assess treatment effectiveness of adalimumab, etanercept,
and infliximab among Medicaid patients [26].

A number of systematic reviews have assessed the current
literature on medication adherence and treatment effective-
ness of bDMARDS among patients with chronic immune-
mediated arthritis [29-31], with male sex and concomitant
methotrexate use being the most consistent positive predic-
tors of adherence and effectiveness among both RA and
PsA patients. Although the current study did not examine
concomitant use of other medications, the significant sex dif-
ferences in both adherence and effectiveness observed here
are consistent with prior studies. Previous use of a tumor
necrosis factor inhibitor (TNFi) is a negative predictor of
effectiveness with an alternate TNFi, but there is currently
a lack of evidence on the impact of previous TNFi use on
the subsequent effectiveness of bDMARDs with a different
mechanism of action [30]. The impact of disease duration on
response to treatment has been mixed [32-34], but is likely
confounded by the negative impact of TNFi cycling on both
adherence and effectiveness [35, 36]. Neither prior use of

a TNFi specifically nor disease duration were examined in
relation to bDMARD treatment patterns in this study. Future
studies may be warranted that consider the effect of prior
lines of therapy on the relationship between access restric-
tions and biologic treatment outcomes.

4.1 Limitations

There are several limitations to this study, many of which
are common to all administrative claims-based studies. First,
data collected for administrative purposes may not be col-
lected and validated with the same rigor as data collected
for research purposes; therefore, these datasets are subject
to miscoding and undercoding, which may introduce bias or
measurement error. Second, although we used multivariate
analysis to control for differences in baseline characteristics,
there are several known factors, such as clinical measures of
disease severity at baseline, which influence treatment effec-
tiveness that are not captured in administrative claims and
therefore could not be controlled for. Although this analysis
did assess the number of disease-related office visits as a
proxy for disease severity, clinical data on disease sever-
ity were not available. Third, claims data only identify a
dispensed medication and not whether the medication was
administered or taken as prescribed, which may overesti-
mate medication adherence. Lastly, this study used data from
commercially insured patients, and the findings may not be
generalizable to the uninsured or those with other insurance.

5 Conclusions

RA and PsA patients whose insurance plans restrict access to
bDMARDs and/or tsDMARDs via step therapy have poorer
treatment effectiveness during the 12 months following
treatment initiation compared with patients in plans with-
out access restrictions or whose plans only require PA; this
difference is driven by lower drug adherence among patients
with access restrictions. Future studies should investigate the
impact of step therapy and other drug access restrictions on
treatment effectiveness among other therapeutic areas and
insurance types (e.g. Medicare).

Data Availability Statement The data that support the find-
ings of this study are available from IBM Watson Health,
but restrictions apply to the availability of these data, which
were used under license for the current study and are there-
fore not publicly available. However, data are available from
the authors upon reasonable request and with permission of
IBM Watson Health.
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