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ABSTRACT
Title of Dissertation: Utilization and Cost of the Biologic Disease Modifying Antirheumatic Drugs Among Medicare Beneficiaries with Rheumatoid Arthritis

Priyanka Gaitonde, Doctor of Philosophy, 2018
Dissertation Directed by Fadia T. Shaya
Background: Disease modifying anti-rheumatic drugs (DMARDs) are essential for
symptom control among rheumatoid arthritis (RA) patients. Biologic DMARDs are
expensive and typically used among moderate to severe RA patients. The prevalence of
RA is higher among Medicare beneficiaries compared to the rest of the population in the
U.S (2% vs. 0.6%). The coverage rules of Medicare, in addition to access factors and
patient preferences, may influence the use of facility-administered, infusible biologics
(Part B covered) and home-administered self-injectable/oral biologics (Part D covered).
However, there is limited information about utilization patterns of biologic DMARDs by
route of administration and their impact on Medicare spending overall. The goals of this
dissertation were to identify patient factors and healthcare expenditure associated with
biologic DMARD use by route of administration among Medicare beneficiaries with RA.
Methods: The study population consisted of Medicare beneficiaries with RA from the 5%
random sample of the Chronic Conditions Warehouse database from 2006-2015. First,
the study analyzed patient-level factors associated with biologic DMARD use by route of
administration using generalized estimating equations. Second, adherence (PDC>80%),
discontinuation, and switching patterns for biologic DMARDs were measured,
accounting for patient level-factors , using logistic regression, Cox proportional hazards

models, and chi-square analyses, respectively. Third, the study compared annualized
average healthcare costs of patients who were adherent to versus non-adherent to biologic
DMARDs.
Results: Among Medicare beneficiaries diagnosed with RA who received DMARD
treatment (n=46,002), 71.8% (n=33,028) used traditional DMARDs, and among biologic
DMARD users (n=12,931), twice as many used infusible biologics (18.3%, n=8,436)
compared to self-injectable/oral (9.9%, n=4,538). Beneficiaries who were low-income
subsidy (LIS) recipients i.e. who had lower out-of-pocket costs for using biologics,
(compared to non-LIS) had 4.54 times higher odds of using self-injectable/oral biologics
(95% CI: 4.2 – 5.0) and 5% lower odds of discontinuing biologic DMARDs (OR=0.94,
95% CI: 0.91-0.97). The total healthcare cost was lower among adherent compared to
non-adherent infusible biologic DMARD users ($33,797 vs. $90,181; p<0.001) and
among adherent vs. non-adherent self-injectable/oral biologic DMARD users ($64,977
vs. $80.908; p<0.05).
Conclusions: Adherence and cost savings generated, as a result, varied by the biologic
DMARD route of administration. Additionally, beneficiaries’ LIS status was associated
with the route of administration used and the discontinuation rates, indicating an
association with their out-of-pocket costs. These findings are relevant to the discussion
about the proposed transition of Part B covered infusible medications under the Part D
which is projected to increase the beneficiary out-of-pocket cost. The evidence on
adherence can also be used for value-based insurance design involving RA biologics.
Future research could leverage the findings from this study to additionally explore how
biosimilar products may impact overall biologic utilization and RA treatment spending.
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1. OVERVIEW
Rheumatoid arthritis (RA) is a chronic inflammatory condition that affects multiple
joints in the body. The manifestations of RA are mainly chronic pain and joint damage
which may lead to loss of function. The purpose of RA treatment is to prevent joint
deformation, reduce pain and avoid disability. Central to the RA treatment are the disease
modifying anti-rheumatic agents (DMARDs).1 The DMARDs include traditional small
molecule agents such as methotrexate (MTX) and the biologic agents (e.g., infliximab
and adalimumab). The treatment strategy among RA patients is usually individualized
based on prior medical history, disease activity levels, joint inflammation, and the
patients’ tolerance to the selected biologic DMARD. RA patients in the U.S., who are
aged ≥ 65 years or are the beneficiaries of the Social Security Disability Insurance,
qualify for Medicare. Medicare covers the home-administered, self-injectable/oral
biologics under prescription drug coverage (Part D) and the facility-administered,
infusible biologics under physician and outpatient service coverage (Part B). The
treatment regimen of Medicare beneficiaries with RA is additionally conditioned by
Medicare rules governing covered drug products and by the coverage that beneficiaries
may obtain either through private or public sources (e.g., low income subsidy [LIS]
eligibility/Medicaid eligibility).2,3 Therefore, the association of non-clinical patient-level
factors with biologic DMARD utilization among Medicare beneficiaries was evaluated to
identify access barriers for these expensive drugs.
The American College of Rheumatology (ACR) guidelines (2015) recommends the
persistent use of RA treatment even among patients with low disease activity or
remission. However, low adherence rates have been reported among more than 50% of
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individuals who were prescribed biologic DMARDs.4,5 Sub-optimal adherence and
persistence rates may be attributed to the biologic DMARD costs and/or adverse events.6
Currently, about 27% of Medicare beneficiaries use biologic DMARDs.7 As the use of
biologic DMARDs among Medicare beneficiaries is increasing, so is Medicare spending
for RA treatment. In 2015, adalimumab was ranked among top seven in terms of drug
expenditures incurred for Medicare Part D covered medications while infliximab was
ranked 4th in terms of expenses incurred by Medicare Part B covered drugs.8 For
Medicare, treatment failure resulting from non-adherence to treatment will add to their
healthcare spending. Despite these substantial investments, little is known about biologic
DMARD use among Medicare beneficiaries and the impact this investment in treatment
is having on total costs of care for these RA patients.
1.1. Specific Aims and Hypothesis
The global objective of this dissertation was is to create new knowledge about
biologic DMARD use among Medicare beneficiaries with RA through in-depth
understanding of factors that influence utilization and compare the related healthcare
expenditures. This dissertation used the Centers for Medicare and Medicaid Services
(CMS) chronic conditions warehouse (administrative claims) data from 2006 – 2015 and
has three specific aims. Aim 1 describes factors associated with biologic DMARD use by
the routes of administration; Aim 2 identifies factors associated with adherence,
persistence, and switching of biologic DMARDs; and Aim 3 investigates the impact of
adherence to biologic DMARDs on total healthcare cost.
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Aim 1: Describe factors associated with biologic DMARD use by route of
administration.
The analytical questions corresponding to Aim 1 are:
Q.1: What is the prevalence of biologic DMARD, traditional DMARD, infusible and
self-injectable/oral biologic use?
Q.2: Which patient-level factors are associated with biologic DMARD use compared to
traditional DMARDs?
Q.3: Among the biologic DMARD users, which patient-level factors are associated with
the use of infusible biologics compared to self-injectable/oral biologics?
Aim 2: Identify factors associated with adherence, discontinuation, and switching of
biologic DMARDs among Medicare beneficiaries diagnosed with RA.
Hypotheses
Null hypothesis 2.1: There is no difference in adherence to or discontinuation rates of the
biologic DMARDs by their routes of administration namely, infusible and selfinjectable/oral.
Null hypothesis 2.2: There is no relationship between LIS eligibility status and adherence
or persistence with biologic DMARDs
Aim 3: Evaluate the impact of adherence to biologic DMARDs on total healthcare
expenditures among Medicare beneficiaries diagnosed with RA.
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Hypothesis
Null hypothesis 3.1: There is no difference in total Medicare healthcare expenditures
between patients adherent versus non-adherent to the biologic DMARDs.
1.2. Rationale and Significance
Rationale
The use of biologic DMARDs is influenced by Medicare’s coverage rules (e.g., a
self-injectable/oral product is covered under Part D while an infusible product is covered
under Part B) which not only impacts the out-of-pocket (OOP) expenses for the patient
but also expenses paid by Medicare. Therefore, we compared the use of biologic
DMARDs by route of administration among Medicare beneficiaries. Receiving DMARD
treatment (including biologic DMARDs) as recommended by the ACR guidelines is an
indication of good quality RA care. However, optimizing biologic DMARD treatment
among older adults with RA is challenging and possibly related to co-existing
conditions.9 Other factors that contribute to the access of biologic DMARDs could
include drug cost and socioeconomic disparities. 10 Therefore, the distribution of the nonclinical patient-level characteristics across traditional and biologic DMARDs was
examined in the first Aim. The relationship between these factors and adherence to
biologic DMARDs is not well understood. Additionally, persistence and adherence may
be affected by adverse effects, poor efficacy, the frequency of administration (depends on
the route of administration), and cost of biologic DMARDs. 11,12 Sustained treatment use
is significant for insurers and payers who are not only responsible for the cost of the
medications but also the additional healthcare services utilized as a consequence of
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disease progression and treatment failure. 11 A rheumatologist usually recommends
discontinuation of a biologic DMARD, substitution or addition of another agent if the
initiated treatment fails to control the symptoms (i.e., inadequate response). Therefore,
persistence with biologic DMARDs is used as a proxy for effectiveness and/or
tolerance.13 In the second Aim of this dissertation project, discontinuation, adherence and
switching patterns of biologic DMARDs were evaluated. Additionally, this aim identified
the patient-level factors that influence discontinuation and adherence to these
medications.
Harnessing maximum clinical benefit through consistent use of biologic
DMARDs is crucial for achieving optimum outcomes among RA patients. Additionally,
adherence to medications has shown to improve health and potentially offset high-cost
service utilization such as hospitalization and admissions to the emergency department in
other chronic conditions.14 The cost of biologic DMARD-based RA treatment differs by
its route of administration. Although the drug cost of infusible biologic DMARD is lower
than self-injectable, the administration cost of infusible biologics adds to its overall
treatment cost. The evidence on economic consequences of discontinuation and nonadherence to biologic DMARDs among Medicare beneficiaries by the routes of
administration is sparse. Therefore, in the third Aim of this dissertation, the impact of
adherence to biologic DMARDs on Medicare healthcare spending was analyzed.
Significance
The prevalence of RA among Medicare beneficiaries is higher compared to the
rest of the population.15 About 27% of Medicare beneficiaries with RA use biologic
DMARDs.7 The comprehensive drug coverage obtained through Part B incentivizes the
5

use of infusible biologics compared to the self-injectable biologics. The dissertation
project evaluated the beneficiary characteristics associated with facility-administered,
Part B covered infusible biologics and home-administered, Part D covered selfinjectable/oral biologic agents. Compliance with RA treatments is essential to control
pain and joint deformation and sustain the ability to perform daily activities.
Discontinuing a biologic DMARD typically suggests either treatment failure or
occurrence of an adverse event. The comparative effectiveness evidence for biologic
DMARDs, especially the newer products, is sparse. Therefore, information about the
discontinuation rates of biologic DMARDs among older Medicare beneficiaries may be
useful while making decisions about biologic DMARD initiation or substitution.
Additionally, it may help payers make value-based formulary decisions in the era of
emerging biosimilar products. The payers may have to consider a scenario where the
reduction of overall healthcare cost through biosimilar may not be realized if lower
discontinuation rate is noted for the expensive branded biologic.
Medicare had over one billion dollars in healthcare spending on RA medications in
2009, while infliximab was the most frequently used biologic and fourth highest in Part B
drug spending in 2014.3,8 Therefore, treatment failure with biologic DMARDs due to
discontinuation may potentially have substantial cost implications to Medicare. The
results of this dissertation can be used to identify socio-demographic factors impacting
the consistent use of biologic DMARDs. Additionally, these factors could be considered
while designing and implementing adherence improvement strategies among Medicare
beneficiaries with RA. Further, the findings of this dissertation will contribute to the
discussion on implications of consolidating Part B covered medications under Part D.
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2. BACKGROUND
2.1. Overview of rheumatoid arthritis
Rheumatoid arthritis (RA) is a systemic auto-immune disease that produces
inflammation at multiple joints in the body. The RA symptoms develop gradually and
may include joint pain, stiffness, and swelling. The condition can affect many tissues
throughout the body, but the joints are usually most severely affected. 1 If RA is untreated
or unresponsive to therapy, inflammation and joint destruction may lead to loss of
physical function, inability to carry out daily tasks and difficulties in maintaining
employment. RA increases the risk of developing osteoporosis, rheumatic nodules,
abnormal body composition, inflammation or scarring of lungs, infections, coronary heart
disease, and in some cases lymphoma. Overall, RA is associated with premature death,
disability and lower quality of life.16,17
Disease activity level is used to determine RA treatment type and dose. At the time of
diagnosis, patients with suspected RA present inflammatory polyarthritis. At this time,
along with physical examination and evaluation of the medical history, laboratory testing
is done to identify features that are characteristic of RA or suggest an alternative
diagnosis. The following components of the medical evaluation are helpful in making a
clinical diagnosis of RA: a thorough medical history, with particular attention to joint
pain, stiffness and associated functional difficulties, assessment of extra articular disease
manifestations, synovitis, selected laboratory tests including assays for erythrocyte
sedimentation rate (ESR), C-reactive protein (CRP), rheumatoid factor (RF), antinuclear
antibodies etc.

7

The ACR guidelines in 2012 endorsed six instruments to measure RA disease activity
and define remission. These are the Patient Activity Scale (PAS), Routine Assessment of
Patient Index Data (RAPID3), Clinical Disease Activity Index (CDAI), Disease Activity
Score (DAS) 28, Erythrocyte sedimentation rate (ESR) and Simplified Disease Activity
Index (SDAI).
2.2. Epidemiology of rheumatoid arthritis
RA affects approximately 1.5 million adults in the US, and it is one of the more
common autoimmune diseases with higher rates than Crohn’s disease, Type 1 diabetes,
lupus, and psoriasis.16,18 Lifetime risk of RA is 3.6% for women and 1.7% for men. 19
Other risk factors for RA are age (40-60 years), family history, smoking, environmental
factors, and obesity.16 A study by Myasoedova et al. reported that the average annual
incidence rate of RA among adults was highest among 55 – 75 years (~ 76.3 per
100,000).20 This incidence rate is reported using data collected through a prospective
cohort study conducted in Olmsted County, Minnesota. These data are considered to be
an optimal source for examination of RA epidemiology because of comprehensive
medical records of the residents with RA collected and maintained by the Mayo clinic
and its affiliates. Additionally, trends in RA prevalence seen in these data by age and
calendar year showed an increasing prevalence of RA among older adults.18,21,22 A study
by Rasch et al., evaluated the prevalence of RA among older adults using the National
Health and Nutrition Examination Survey (NHANES) and found that the average age of
individuals with RA was increasing steadily over time from 63.3 years in 1965 to 66.8
years in 1995.23 Therefore, with an increase in aging population in the US, the number of
people living with RA is also estimated to increase substantially over the coming
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decades. This suggests that RA is becoming a disease of older adults (> 60 years).
Therefore, RA-associated disability, morbidity, mortality and consequently the use of
health services are likely to increase in this sub-group.18
2.3. Economic burden associated with rheumatoid arthritis
Based on a 2008 study, the direct medical cost associated with RA was $73.4 billion;
equivalent to 0.5% of the gross domestic product (GDP). 5 As of 2005, societal costs of
RA minus the intangible costs were 19.3 billion dollars while including the intangible
costs; it was $39.2 billion.24 Prior to the biologic therapy era (before 1998, when
infliximab was approved), the estimated cost of RA in the US ranged from 26 – 32.4
billion dollars. The factor most contributing to the direct medical costs, at the time, was
hospitalizations and in-patient stays (17-88% of the total cost) versus medication cost
which was about 8-24% of the total direct cost.25-27 The spending distribution, however,
changed after the biologic therapies were approved and their frequency of usage
increased. Drug costs were 66% of the total, while the hospitalization costs were 17% of
the direct RA attributable medical expenditure. In 2003, the direct cost for patients
receiving biologic agents was $19,016 per year while the cost for those not receiving
biologic therapy was $6,164.28 Irrespective of the year when the cost of illness study was
conducted, a majority of the studies stated that higher direct medical costs were
associated with lower physical function.27,29 Many of the cost studies for RA from prior
to 2000 indicated stable direct medical cost if not increased costs among adults ≥ 65
years unlike those after 2000.27,28,30 This observed result may be due to possible
underutilization of biologic therapies among older adults in years from 2000-2006.31 A
majority of the cost-of-illness studies for RA, calculated the direct/indirect costs of the
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condition adjusting for the sociodemographic parameters. However, none have studied
the comparative economic burden attributable to RA among older adults (≥ 65 years) vs.
younger. Nevertheless, the overall economic burden and disability associated with RA is
a significant concern among older adults ≥ 60 years. 9,32
2.4. Pharmacologic treatment of rheumatoid arthritis
The American College of Rheumatology (ACR) guidelines published in 1987 or its
updates in early and late 1990’s mainly dealt with standardizing diagnostic criteria for
RA. The ACR guidelines published in 2008, included recommendations on biologic
DMARD use for the first time.33 This was followed by an update in 2012 and a recent
one in 2015. A relatively immediate update to the 2012 guidelines was published due to
the rapid accrual of evidence and new therapies. The recent guidelines (2015) have
considered disease activity, the burden of treatment to patients and cost of the proposed
treatment in their recommendations. Additionally, these guidelines included
recommendations for biologic DMARD treatment among patients with high-risk
comorbidities such as congestive heart failure, hepatitis B/C, malignancy and serious
infections.34 This could be because TNF inhibitors (most frequently prescribed biologics)
may exacerbate susceptibility to infections and its impact on the other conditions is
unknown.35
There is no cure for RA; the goal of the treatment is to prevent joint deformation,
reduce pain and avoid disability.17 The choice of therapies depends on several factors,
including the severity of disease activity when therapy is initiated and patients’ response
to prior treatment strategies. Other factors that influence the choice of therapy are, the
presence of comorbid conditions (e.g., hepatitis B/C infections or latent tuberculosis),
10

patient preferences (e.g., route and frequency of drug administration, personal [out-ofpocket] cost), and health system factors (e.g., type of health insurance coverage and its
limitations).2,34 Several classes of drugs are used to treat rheumatoid arthritis:
nonsteroidal anti-inflammatory drugs (NSAIDs), disease modifying anti-rheumatic drugs
(DMARDs) (includes both traditional DMARDs and biologic agents), glucocorticoids
(GC), and if needed, pain medications.
2.4.1. Nonsteroidal anti-inflammatory drugs
NSAIDs can be used at full anti-inflammatory doses for initial therapy of patients
with active RA unless contraindicated by gastrointestinal or renal disease or by heart
failure. The dose of NSAIDs is titrated to an optimal level and continued for at least two
weeks to gauge its clinical benefits. Examples of effective doses include 3200 mg of
ibuprofen, 1000 mg of naproxen. A reduced dose and more frequent monitoring are
needed among older adults who have a higher risk of adverse effects due to comorbidities
or other medication use.1 However, NSAIDs do not provide adequate benefit for longerterm control of disease or prevention of joint injury. Therefore, they are primarily used
for temporary control of disease activity among patients initiating DMARDs or as
adjunctive treatment to DMARDs but not as substitutes to DMARD treatment. 36
2.4.2. Disease modifying anti-rheumatic drugs
DMARDs are prescribed to reduce inflammation of rheumatoid arthritis, reduce or
prevent joint damage, preserve joint structure and function. It is seen that a delay in
initiation of DMARD therapy among RA patients may result in deterioration of physical
function and increased joint injury.37-39 Following are the different types of DMARDs.
11



Traditional DMARDs also known as conventional therapy, are, synthetic smallmolecule DMARDs. The drugs in this class include methotrexate (MTX),
leflunomide (LEF), sulfasalazine (SSZ), hydroxychloroquine (HCQ).



Biologic DMARDs target the rogue cells in the immune system that cause
inflammation and joint destruction in order to reduce or prevent further damage.
The biologics are mainly available as either self-injectable or
intravenous/infusible routes of administration. These routes of administration
impact their frequency of administration. For example, abatacept can be
administered intravenously every four weeks (750 mg/dose for patient 60-100 kg)
after three initial doses given at two-week intervals or administered through selfinjectable dosage form subcutaneously once weekly (125 mg).

Tofacitinib is a traditional small molecule DMARD which is an oral medication but has
its mechanism of action and adverse effects similar to the biologic agents. Additionally,
this recently approved agent is priced similarly to the biologic agents. Therefore, for the
purposes of this dissertation, tofacitinib was evaluated along with the other biologic
agents. Table 2.2 provides a list of the biologic DMARDs presently approved for
moderate to severe RA, their available route of administration and their AWP obtained
from Redbook®.
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Table 2.1: List of biologic DMARDs approved for rheumatoid arthritis
Class/MOA

Generic
name

TNF inhibitor
TNF inhibitor
IL-1 receptor inhibitor
TNF inhibitor
B-cell agent
TNF inhibitor

Infliximab
Etanercept
Anakinra
Adalimumab
Rituximab±
Certolizumab
pegol
Golimumab

TNF inhibitor
T-cell agent (selective
inhibitor)
IL-6 inhibitor
JAK inhibitor

Year of
approval

Brand
name

Route of
administration

AWP per
month
(2017)

1998
1998
2001
2002
2006
2008

Remicade®
Enbrel®
Kineret®
Humira®
Rituxan®
Cimzia®

IV infusion
SC self-injectable
SC self-injectable
SC self-injectable
IV infusion
SC self-injectable

$1335.92
$4820.88
$6987.9
$4916.48
$1927.4
$4212,18

2009

Simponi®

SC self-injectable

$5259.44

IV infusion

$4469.5

SC self-injectable
IV infusion

$4334.2
$4340.5

SC self-injectable
Oral

$4436.08
$4162.2

Abatacept

2005

Tocilizumab

2011
2010

Tofacitinib

2013
2012

®

Orencia

Actemra

®

®

Xeljanz

MOA: Mechanism of action; AWP: Average wholesale price; ±approved in combination with MTX

The effectiveness of biologic DMARDs
ACR guidelines recommend that in patients with an inadequate response to MTX
monotherapy, other traditional DMARD combinations with MTX or MTX in
combination with biologic DMARDs can be used. This recommendation was based on
evidence from randomized clinical trials by the ACR guidelines.34 The ACR20, ACR50,
and ACR70 are composite measures reflecting at least 20, 50, and 70 % improvement in
several defined measures of disease activity. 40 Trials of MTX plus a tumor necrosis factor
alpha (TNF) inhibitor (as seen in Table 2.2) in patients who have experienced treatment
failure with MTX monotherapy have shown to have ACR20, ACR50, and ACR70
response rates of approximately 60%, 40%, and 20% respectively.41 This indicates that
despite being considered as an effective treatment option, the most prevalently used
biologic DMARDs (TNF inhibitors), may show 50% improvement in RA symptoms
among only 40% of the treated individuals. However, indirect comparisons of biologic
agents among patients who have failed treatment with MTX have suggested that TNF
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inhibitors are more likely to result in ACR50 compared with other biologic agents (OR
1.30, 95% CI 0.91-1.86).42 Therefore, usually in clinical practice, infliximab, etanercept,
and adalimumab are prescribed when treatment with biologics is initiated. 43
In a mixed treatment comparison (MTC), the likelihood of achieving ACR response
was comparable between abatacept and TNF inhibitors combined at 6 months for ACR
20, 50, and 70: (OR = 0.98, 95% CI 0.73-1.27; OR = 0.99, 95% CI 0.73 - 1.31; and OR =
0.91, 95% CI 0.62 - 1.27, respectively). The findings were comparable for ACR 20 and
ACR 50 between the biologic agents at 12 months. However, a higher likelihood of
achieving an ACR70 response at 12 months (OR = 1.41, 95% CI 1.02 - 1.82) was
observed. Additionally, abatacept was found to have better tolerability, defined as a lower
likelihood of withdrawal due to adverse events, at both 6 and 12 months (OR = 0.38, 95%
0.10 - 0.88) and ( OR = 0.51, 95% CI 0.27 - 0.86), respectively.44 A systematic review
and network meta-analysis that compared combination and monotherapy treatments
among DMARD-experienced RA patients noted that biologic DMARD combinations had
significantly higher odds of achieving ACR 20/50/70 compared to DMARDs alone,
except for the rituximab comparison, which did not reach significance for the ACR70
outcome. The etanercept combination was significantly better than the other TNF
inhibitors adalimumab and infliximab in improving ACR 20/50/70 outcomes, with no
significant differences between the etanercept combination and certolizumab or
tocilizumab. 45
Overall, the results of these indirect comparisons mainly indicate that biologic
DMARDs are efficacious in patients with an inadequate response to traditional
DMARDs. Additionally, these studies illustrated that despite the same mechanism of
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action, infliximab, etanercept, and adalimumab are not equally effective in all patients. 44
Evidence on drug-level comparisons among these biologic DMARD medications in terms
of their safety and efficacy is limited and comprises mostly of indirect comparisons and
observational studies. One of the major drawbacks of TNF inhibitors are the side-effects
associated with these medications. They are associated with increased risk of reactivation
of latent tuberculosis and/or new serious infections. 46 Some studies have also indicated
(statistically not significant) increased risk of malignancy among TNF inhibitor users. 35
However, there is limited to no evidence on comparative effectiveness and safety of nonTNF biologics such as abatacept, tocilizumab, and tofacitinib.
2.4.3. Glucocorticoids
Glucocorticoids (GCs) are primarily used to lower inflammation after DMARD initiation
until therapeutic effect is achieved. GCs are recommended for use as adjunct therapy with
either traditional or biologic DMARDs. Prednisone is the frequently used drug in this
class for short-term and is more effective in controlling RA-related inflammation as
compared to placebo or NSAIDs for up to 24 months. 47 However, there is conflicting
evidence regarding benefits of chronic GC therapy for patients with RA (7.5 – 10 mg/day
prednisone or equivalent). Chronic use of GC is associated with an increased risk of
osteoporosis, skeletal fractures, gastrointestinal bleeding, peptic ulcer, diabetes mellitus,
cataracts, etc. Therefore, the goal with GC is to taper and monitor the dose continuously
to minimize side-effects associated with GC. Pulse therapy with GCs consists of the
administration of high doses over a short period of time. This is associated with serious
cardiovascular adverse events and infections. Pulse GC therapy is considered to be the
last resort for RA treatment.48
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2.5.Clinical practice guidelines for rheumatoid arthritis medications
Recommendations for patients with symptomatic early RA (<6-month disease duration)
The first-line of treatment for early-onset RA is MTX. Among patients unable or
unwilling to take MTX at the initiation of DMARD therapy, monotherapy with
leflunomide (LEF), sulfasalazine (SSZ), hydroxychloroquine (HCQ) is
recommended.41,49 Among patients with early RA, if disease activity remains moderate or
high despite MTX monotherapy with or without GC, use of a combination of traditional
DMARDs or biologic DMARDs with or without MTX is recommended. In cases where
disease flares or disease activity remains moderate or high despite DMARD therapies, the
addition of low-dose GC (7.5 – 10 mg/day prednisone or equivalent) (<3 months
treatment) is recommended.34
Recommendations for patients with established RA (≥ 6 months disease duration)
Among patients with low-disease activity and who are DMARD-naïve, use of
MTX monotherapy is recommended. However, in some cases, TNF inhibitors are
prescribed earlier among patients unwilling to initiate MTX. However, initiation of TNF
inhibitors in established RA mainly depends on disease severity, comorbidities, and
patient preference.49 If disease activity is seen to remain moderate or high with the mono
or combination therapy of traditional DMARDs, then the addition of biologic DMARDs
to the treatment is recommended. Among patients who have initiated biologics alone, the
addition of a traditional DMARD is recommended. However, in case of low disease
activity or remission, discontinuation of therapies is not recommended. In remission,
tapering of RA treatments may be considered. However, the decision about this is made
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by the rheumatologist and is individualized to the patient. In cases, where the disease
continues to manifest moderate to high activity, a combination of TNF inhibitors is
recommended. Further, if the treatment combination with TNF inhibitors fails, other
agents such as abatacept and tocilizumab or tofacitinib are recommended. Among
established RA patients, if low disease activity/remission is not achieved, the addition of
low-dose GC (7.5 – 10 mg/day prednisone or equivalent) (<3 months treatment) is
recommended.34,41
Recommendations in RA patients with high-risk comorbidities
All of the recommendations by ACR for treatment among patients with high-risk
comorbidities is based on moderate to low evidence. Among patients with congestive
heart failure (CHF), usage of a combination of traditional DMARDs or non-TNF biologic
DMARDs is recommended. However, among patients whose CHF worsens on current
TNF inhibitors either switching to a combination of traditional DMARDs or non-TNF
biologic DMARDs over another TNF inhibitor is recommended. Among patients with
active hepatitis B and hepatitis C infection receiving antiviral treatment, monotherapy
with MTX is recommended for DMARD naïve, and the addition of the biologics to MTX
or other traditional DMARD is recommended if treatment failure is seen with MTX
monotherapy. Among patients with previously treated or untreated melanoma, DMARD
usage over biologics and tofacitinib is recommended. Among patients with the previously
treated lyphoproliferative disorder, rituximab, abatacept, tocilizumab over TNF inhibitors
or combination of traditional DMARDs is recommended. Additionally, among patients
with previous serious infections, a combination of traditional DMARDs or abatacept over
TNF inhibitors is recommended.
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In summary, the current guidelines, do not consider the age of the patient in
proposed recommendations. This is important because among older adults optimizing
biologic DMARD treatment is a challenge due to other highly prevalent comorbidities
such as diabetes, COPD, renal disease, and increased susceptibility to infection.9,32 The
ACR guidelines have not included any recommendations for the use of NSAIDs for
controlling inflammation or other pain medication for their analgesic benefit.
Additionally, the guidelines do not rank the traditional or the biologic DMARDs by drug
or class-level due to limited strong comparative evidence. The guidelines also fall short
on recommendations for biologic DMARD dose tapering and discontinuation during
early therapy.34 However, the guidelines have emphasized the importance of the early and
sustained use of biologic DMARDs among patients with persistent moderate to severe
disease activity and among patients with low disease activity or remission. 31,34
2.6. Factors associated with biologic DMARD treatment among patients with
rheumatoid arthritis
A majority of studies on the prevalence of DMARD use (including biologics)
concluded that treatment with DMARDs had increased among RA patients as compared
to other treatments such as glucocorticoids and pain medications. 10,50 In a systematic
review by Schmajuk et al., they assessed if the inclusion of RA treatment in the 2002
ACR guidelines, impacted the overall utilization. This systematic review did not find an
obvious rise in DMARD use over time after 2002. 51 However, an increase in the use of
the biologics was seen post 2006-2007, which could be attributed to the early and
aggressive RA management approach as recommended by ACR and other RA health
experts.43 In a large US national survey of office visits to physicians (2007 – 2013),
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64.7% of visits with a diagnosis of rheumatoid arthritis were associated with any
DMARD versus no DMARD while 23.5% were prescribed biologic DMARD based
therapies versus traditional DMARDs. 52 Zhang et al. evaluated the factors associated with
receiving self-injectable versus infusible biologic DMARD among Medicare
beneficiaries in the US from 2006 – 2009. They found that the overall prevalence of any
biologic DMARD use among the older Medicare beneficiaries was about 27%. 7.
Additionally, the results stated that self-injectable biologic DMARDs had a lower
frequency of use compared to the infusible biologic DMARDs. 7
A study conducted by Solomon et al., using the National Ambulatory Care Survey
(NAMCS) 1996-2007 data to evaluate predictors of DMARD use, concluded that African
Americans and patients with low income were associated with lower DMARD use.
Additionally, receiving care from a rheumatologist was the strongest predictor of overall
DMARD use.53 In a systematic review by Schmajuk et al., that evaluated the patterns of
DMARD use, it was observed that in studies from RA cohorts or registries (patients
followed by rheumatologist) ranged from 73-100% compared to 30-73% in studies from
administrative data or population-based surveys (could be non-rheumatology specialty).51
Similar predictors for any DMARDs use were seen among the older adults in a study
conducted by Solomon et al., using the Medicare Current Beneficiary Survey (MCBS). 31
In addition to above studies, Schmajuk et al. used Medicare Managed Care data from
2001 – 2006 data and concluded that older patients (> 80 years vs. 60 years), African
Americans and low income group had a lower rate of receiving any DMARD. All of the
studies mentioned above have assessed factors associated with any DMARD use and not
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specifically biologic DMARD use. This maybe a function of the data source from the
years when biologic DMARD use was just starting and was low overall.
In addition to the barriers stated above, it was observed that type of drug coverage
influences treatment with biologic DMARD by route of administration. 2,7,54 A study by
Jin et al., that evaluated factors associated with biologic DMARD use from the
commercial health plan and Medicaid database, stated that prior steroid and traditional
DMARD use predicted biologic DMARD initiation and switching. This study found that
etanercept, adalimumab, and infliximab were the most common first and second-line
biologics. Additionally, they concluded that patients with commercial insurance were
87% more likely to initiate a biologic versus Medicaid and among Medicaid
beneficiaries, African Americans were 59% less likely to initiate biologic DMARDs. 55
For Medicare beneficiaries, the facility-administered infusible medications are
covered under Part B Medicare plan while the self-injectable biologics are covered under
Part D. Coverage under these plans result in different financial implications for Medicare
beneficiaries. Under Part D (See Figure 2.1), patients are likely to enter the coverage gap
upon using the self-injectable while the infusible biologics have no such gaps under Part
B.54 A beneficiary accessing drugs through Part B coverage is required to pay a 20%
coinsurance after the initial deductible. Nevertheless, once a patient reaches the
catastrophic limit under Part D, coverage becomes more comprehensive than Part B with
only 5% coinsurance for rest of the year. 54
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Figure 2.1: Standard Medicare Prescription Drug Benefit

Source: Kaiser Family Foundation illustration of standard Medicare drug benefit for 2017. 56

In the study by Zhang et al., among Medicare beneficiaries prescribed with
biologic DMARDs, the factors significantly associated with the use of infliximab versus
etanercept or adalimumab included a stronger physician preference, older age, and
concomitant MTX use.7 Additionally, patients who received governmental financial
assistance from the state were less likely to use infliximab. 7 The last finding was further
corroborated in a recent study by Doshi et al., who evaluated the specialty tier-level cost
sharing and biologic use in types of Medicare Part D coverage plans using the 2007 –
2010 data on Medicare beneficiaries. In this study, they found that infliximab use was
lower among patients receiving LIS versus the non-LIS patients.2 Additionally, a study
by Yazdany et al. used the 2009 Medicare claims data to evaluate the biologic DMARD
use by route of administration among LIS and non-LIS recipients. This study also
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concluded that LIS beneficiaries mostly receive Part D covered self-injectable biologics
while non-LIS recipients receive Part B covered infusible biologics. 3
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Table 2.2: Literature summary of factors associated with DMARD use among
patients with rheumatoid arthritis
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2.7. Adherence to biologic DMARDs
Drug survival, discontinuation, the proportion of days covered (PDC), medication
possession ratio (MPR) are some of the measures used in the literature to measure drug
exposure. We observed that there are inconsistencies in the terminologies and methods
used to measure persistence. The threshold adherence level considered was ≥80% for
high and <80% as low for both MPR and PDC.
A study by Harley et al. evaluated treatment adherence by MPR between
infliximab, etanercept, and methotrexate using data from Medicare managed care
beneficiaries (1998-2000). Unadjusted MPR ≥80% was observed among 80.9% patients
taking infliximab, 68.4% taking etanercept and 63.7% taking MTX. The adjusted analysis
showed that the likelihood of adherence with infliximab was higher than etanercept or
methotrexate.57 Similar results were observed in a study conducted by Tang et al. that
used MPR to measure adherence and healthcare costs using a database of commercial
managed care enrollees.58 A Danish study (2009) by Hetland et al., measured drug
survival with adalimumab, etanercept and infliximab and its impact on RA symptom
remission. The adjusted analysis showed that the likelihood of drug withdrawal over time
was highest for infliximab and lowest for etanercept regardless of the reason for
withdrawal.59 Another drug survival study conducted by Kristensen et al., using the
Swedish registry for RA patients (1999-2004) had similar conclusions as for the Danish
study. The levels of adherence at year 1 to year 5 were found to be highest for MTX and
etanercept combination. In addition, they stated that adherence to infliximab improved
when given in combination with MTX as opposed to alone. Finally, the predictors for
premature termination were found to be higher age, higher Health Assessment
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Questionnaire (HAQ) score (worsening of RA impairments), and higher previous number
of DMARDs.60 In a study by Li et al., conducted among Medicaid patients with RA
(2000-2002), adherence was measured using PDC. The authors concluded that anakinra
had the lowest PDC, and the lowest percentage of adherent patients (i.e., % of people
with PDC ≥0.80). This was followed by etanercept (PDC = 0.57) and 32% with PDC
≥0.80 while the highest adherence was observed for infliximab (PDC=0.64) and 43%
with PDC ≥0.80.61 Finally, the authors concluded that anakinra had the highest
discontinuation rates while the rates were comparable among etanercept and infliximab. 61
In another study using PDC to measure adherence conducted by Chu et al., medication
attrition was used to measure duration of drug exposure. This study used a database of
commercial insurance enrollees (2002 – 2009). Similar to the study by Li et al., the
adherence was higher among etanercept users (PDC = 0.673) vs. adalimumab (PDC =
0.626) while the medication attrition was higher among adalimumab users.4 A study by
Harnett et al. used two datasets namely Optum Clinformatics (database 2) and Truven
Marketscan (database 1) which contain the claims from private insurers and assessed the
adherence for the new oral DMARD - tofacitinib. This study used both PDC and MPR
metrics to assess adherence. The PDC measured from the two databases was 0.56 and
0.53, and 12-month MPR was 0.84 and 0.80. Persistence on 140 and 124.6 days was seen
in a 12-month follow-up which indicated that although the adherence was slightly
suboptimal, the patients did not discontinue tofacitinib. Overall, 28.8% from database 1
and 31.5% patients from database 2 switched to another biologic DMARD. The most
common biologic taken after switching were abatacept and tocilizumab. 62 A recent study
(2015) conducted by Zhang et al. used the Medicare claims database (2006 – 2012) to
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assess if concomitant MTX use was associated with better biologic persistence and if
self-administered TNF blockers were used at reduced doses in clinical practice. The study
concluded that concomitant MTX was associated with improved persistence as compared
to monotherapy of biologic DMARDs. 63
Biologic DMARDs are relatively expensive medications. Apart from nonresponse and adverse events, cost of medications is considered to be one of the reasons
for non-adherence. A study conducted by Harrold et al., using the Medicare Current
Beneficiary Survey (MCBS) data (2004-2008) found that having RA was associated with
a 3.5-fold increase in the risk of cost-related non-adherence and almost 2.5-fold risk of
spending less on basic needs as compared to those without a chronic condition.12
Similarly, in a review by Curkendall et al., higher out-of-pocket costs were shown to be
associated with non-adherence to medications.6
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Table 2.3: Literature summary of compliance with biologic DMARDs
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2.8. Healthcare costs associated with persistence to biologic DMARDs
The evidence on the healthcare utilization and cost associated with adherence and
persistence of the biologic DMARDs among Medicare beneficiaries is limited. Most
studies that have assessed healthcare costs associated with persistence used the
administrative claims data from managed care or other private health insurance
providers.58,62,64,65 Direct medical costs were measured in each of these studies to
quantify the economic consequences of non-adherence to RA treatment. Overall, the
findings in these articles suggested that adherence with the biologic DMARDs led to
higher pharmacy costs but lower medical costs such as outpatient, physician office visit
or ED visit. In a study by Barlow et al., which evaluated the impact of specialty
pharmacy management on medication adherence, healthcare utilization and medical cost
among RA patients, it was found that total healthcare cost reduction was not associated
with improved medication adherence because the increased pharmacy costs/drug costs
outweighed the reductions in costs of medical services. 64 Similar inference was stated by
Tang et al. who compared the persistence rates and cost consequences between
adalimumab and etanercept.58 A study by Borah et al., which compared etanercept and
adalimumab for adherence and its cost consequences, concluded that patients adherent to
etanercept incurred lower pharmacy and overall healthcare costs compared to those
adherent to adalimumab.65
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Table 2.4: Literature summary of healthcare costs associated with adherence to
biologic DMARDs
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Summary of literature
Most of the studies that have evaluated the prevalence of biologic DMARD use
have used older data. The recent-most data on the prevalence of biologic DMARD use
among Medicare beneficiaries is from 2009. Three self-injectable biologic DMARDs and
one oral biologic DMARD have been approved since 2009, these belong to a different
therapeutic class than TNF inhibitors. Therefore, it is important to understand the current
prevalence of biologic DMARD use. Additionally, the differences in patient
characteristics among those receiving biologic DMARDs versus traditional DMARDs
despite similar disease severity should be further explored. Among all the factors
evaluated in the literature, only a few studies have assessed how out-of-pocket cost
burden among patients and type of Medicare coverage (state-assisted funding or low
income subsidized or both) influences biologic DMARD use by routes of administration.
Overall, sub-optimal adherence to biologic DMARDs was reported in the literature.
However, the impact of non-clinical patient-level factors on the observed adherence
levels is understudied. Additionally, the prevalence and predictors of switching after
discontinuation of the initiated biologic among Medicare beneficiaries is not well known.
Further, information about the impact of non-adherence to biologic DMARDs on total
Medicare healthcare spending is limited. Based on the above mentioned gaps in the
literature, the objective of this dissertation was to produce new information about
utilization of biologic DMARDs among Medicare beneficiaries.
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3. THEORETICAL FRAMEWORK
The theoretical framework for this study is shown in Figure 3.1. This framework
illustrates how the concepts from the Andersen Behavioral Model66 can be modified to
hypothesize about relationships among biologic DMARD utilization, adherence, and
relevant outcomes.
The Andersen Behavioral Model was initially developed in the late 1960s to assist the
understanding of factors that may influence use and access to healthcare services and
consequently inform policies that could ensure equitable access. Through the multiple
iterations of this model, population factors or characteristics have been segregated as
predisposing, enabling, and need. Predisposing characteristics are demographic factors
such as age, gender, and race/ethnicity. Health beliefs or beliefs about a specific disease
are not only dictated by global beliefs about that condition but also by an individual’s
clinical manifestations. The factors underlying such perception of self-health are need
factors. The example of need factors are previous hospitalizations and overall health
beliefs. The factors dictating the availability of services, means, and information to get
them are considered as enabling factors. The common examples of enabling factors are
the density of healthcare services in an area and health insurance. The model presented in
Figure 3.1 is the modified Andersen Behavioral Model. First, it shows the possible
influence of environmental factors such as geographical location and healthcare system
on the predisposing, need and enabling factors. These three, in turn, influence healthcare
service use behaviors such as adherence and persistence which can then be associated
with the healthcare outcomes, here quantified as resource utilization which translates into
healthcare cost. The traditional Andersen model ended at factors determining the use of
31

healthcare services. However, it was expanded to include types of services used and even
units of services used. The outcomes stated in the model were perceived or evaluated
health status and/or consumer satisfaction.
The dissertation objectives assumed that patients with a longer duration of use for
a biologic DMARD were “satisfied” patients and were, therefore, less likely to access
other forms of care to manage their RA. On the contrary, patients who were dissatisfied
with their biologic DMARD treatment were more likely to access more physician office
visits or other care services to manage their RA symptoms, therefore contributing to the
excess use of healthcare services and costs.
The determinants of biologic DMARD use outlined in the previous literature were
categorized into the predisposing, enabling and need factors and presented in Figure 3.1.
This dissertation research used this conceptual framework to inform inclusion of
covariates in our analytical models across the three aims. The objectives of this
dissertation were analyzed using the Chronic Conditions Warehouse data which include
administrative claims of Medicare beneficiaries. There are some factors underlying the
aforementioned constructs of predisposing, enabling and, need factors that were
unmeasurable due to the features of the chosen database. In Figure 3.1 below, we have
highlighted the components that were unmeasurable.
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Figure 3.1: A conceptual framework based on Andersen Behavioral Model

Source: Modified from the Andersen Behavioral Model (1995). 66
*The variables in grey are unmeasurable covariates
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4. STUDY AIM 1 – PREVALENCE OF BIOLOGIC DMARD USE BY ROUTE
OF ADMINISTRATION AMONG MEDICARE BENEFICIAIRES1
4.1. Abstract
Objective: The biologic disease modifying anti-rheumatic drugs (DMARDs) are central
to the treatment of moderate to severe rheumatoid arthritis (RA) but may present
challenges in terms of access and patient acceptance of route of administration. The
objective of this study was to evaluate the factors that influence biologic DMARD use by
route of administration among Medicare beneficiaries diagnosed with RA.
Method: We used the 5% random sample of fee-for-service Medicare beneficiaries
obtained through the Chronic Conditions Warehouse for 2006 – 2015, merged with the
Area Health Resource Files. Generalized estimating equations were used to assess factors
associated with biologic DMARD use versus traditional DMARDs and infusible versus
self-injectable/oral biologic DMARDs. Logistic regression was used to model the
difference in infusible versus self-injectable/oral biologic DMARD use over time.
Results: Among Medicare beneficiaries diagnosed with RA who received DMARD
treatment (n=46,002), 71.8% (n=33,028) used traditional DMARDs, and among biologic
DMARD users (n=12,931), twice as many used the infusible biologics (18.3%, n=8,436)
compared to self-injectable/oral (9.9%, n=4,538). Low-income Medicare beneficiaries
with full/partial subsidy were 78% less likely (OR=0.22, 95% CI: 0.20-0.24) to use
infusible biologics. Beneficiaries residing in regions with a high density of infusion
centers had 22% higher odds (OR=1.22, 95% CI: 1.09-1.4) of using infusible biologics.

1

Priyanka Gaitonde, Francis Palumbo, Eleanor Perfetto, Marc Hochberg, Min Zhan, Julie Zito, Fadia
Shaya. In preparation for submission JAMA Internal Medicine, 2018
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Self-injectable biologic use was found to increase by 41% (OR=1.41, 95% CI: 1.28-1.56)
in 2015 compared to 2006-2007.
Conclusion: Biologic DMARD use varies by a Medicare beneficiary’s region of
residence while the infusible biologic use is driven by a beneficiary’s LIS status and the
density of infusion centers in their region of residence.
4.2. Introduction
Disease-modifying anti-rheumatic drugs (DMARDs) are an integral part of the
treatment plan for rheumatoid arthritis (RA) patients. 1 Among DMARDs, the relatively
expensive biologic DMARDs are prescribed to patients with moderate to severe RA and
those who have failed treatment with traditional DMARDs.34,41 Biologic DMARD agents
are available as infusible (facility administered), or self-injectable and oral (both homeadministered). A variety of factors may contribute to the decisions behind which
DMARD(s) a patient uses.
Currently, infusible biologics are covered under Medicare Part B (medical benefit)
while self-injectable or oral products are covered under Medicare Part D (drug benefit).
Medicare's coverage rules governing drug products are thought to incentivize the use of
Part B covered infusible biologics versus Part D covered self-injectable or oral
biologics.54,67 The reason for this is likely a financial one. A beneficiary accessing drugs
through Part B coverage is required to pay a 20% coinsurance after the initial deductible.
Under Part D, however, he/she would enter the coverage gap after first/second
prescription, and receive comprehensive coverage only when they reach catastrophic
coverage.54,56
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Previous studies examining factors associated with receiving self-injectable versus
infusible biologic DMARDs among Medicare beneficiaries showed that patient age,
physician preference, and financial assistance from Medicaid were associated with the
use of infusible biologics.2,7 For example, among those beneficiaries who received a lowincome subsidy (LIS) for their drug coverage versus those who did not, the use of
infliximab (an infusible biologic) was found to be lower. 2,3 Type of coverage, therefore,
is one of the important factors that influence access to biologic DMARD.
Apart from the coverage rules, variation in availability of healthcare services due to
geographic location can be associated with differential quality of care.68 Similarly,
regional variation was noted in the use of drugs covered under Part D. 69 A 2012 study by
Bolge et al. found that US regional variations exist in care received by RA patients. 70
Among patients diagnosed with RA, receiving a DMARD prescription within 12 months
of the diagnosis is deemed a measure of the good quality of care. This quality measure is
endorsed by the National Quality Forum and was evaluated in the study by Shafrin et al. 71
They found that quality of care was poor in most metropolitan areas with limited access
to specialist care as a probable contributing factor.72 Infusible biologics are typically
administered locally in outpatient or clinic-based infusion centers. Variation in the use of
infusible biologic DMARDs by the density of infusion centers in the region of a
beneficiary’s residence is underexplored.
Despite the increased use of DMARDs among RA patients, a recent-most study on the
prevalence of use among Medicare beneficiaries is from 2009 and does not
comprehensively consider all the factors associated with biologic DMARD use by routes
of administration. Thus, the purpose of this study is to evaluate the patient-level factors
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associated with biologic DMARD use by route of administration among Medicare
beneficiaries.
4.3. Methods
The prevalence of biologic DMARD use among Medicare beneficiaries and the factors
associated with the use of biologic DMARDs by route of administration were analyzed
using a cross-sectional study design.
4.3.1. Data sources
This study used the 5% random sample of Medicare beneficiaries from 2006-2015. The
data source was the Chronic Condition Warehouse (CCW), maintained by the Center for
Medicare and Medicaid Services (CMS). The files used were medical claims (Part A and
B) of beneficiaries enrolled in Medicare fee-for-service plans and their pharmacy claims
(Part D). The CCW dataset was used to identify RA patients, measure drug utilization,
obtain demographic variables, and gather information about comorbidities and use of
assistive devices.
The 2015 Area Health Resources File (AHRF) was used to obtain geographical
characteristics of interest such as U.S. census divisions, metro/urban/rural designation,
and measures of available healthcare resource density. The AHRF data, administered by
Health Resource & Services Administration (HRSA) includes county, state and nationallevel files about health facilities, and hospital utilization. 73
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4.3.2. Study Population
The analytical cohort included Medicare beneficiaries enrolled between January 1, 2006,
and December 31, 2015, aged ≥ 18 years, not having an end-stage renal disease (ESRD),
and having a diagnosis of RA (ICD-9-CM codes 714.00, 714.1, 714.2, 714.4, 714.8,
714.81, 714.89). Eligible patients had a record of at least 2 RA diagnoses in physician
(carrier) claims that were at least 7 days apart within 12 months (Maclean’s algorithm).74
This algorithm is typically used to ensure that the study cohort does not include patients
wrongfully coded as RA. The study cohort (as seen in Figure 1) included beneficiaries
continuously enrolled for at least 12 months in Medicare Part A, Part B, and Part D, not
enrolled in Medicare Advantage Plans, and having at least one prescription of a
DMARD.
4.3.3. Drug utilization
We used the National Drug Codes for pharmacy-filled medications (NDC codes) listed in
pharmacy claim records (Part D) to identify the self-injectable agents namely
adalimumab, etanercept, certolizumab, golimumab, and the oral agent tofacitinib.
Additionally, we used the NDC codes to identify the other traditional DMARDs such as
hydroxychloroquine, leflunomide, methotrexate, and sulfasalazine. The Healthcare
Common Procedure Coding System (HCPCS) codes listed in the medical claims (Part B)
indicated the use of infusible medications namely infliximab, abatacept, rituximab, and
tocilizumab.
Drug use was identified as a record of fill in the pharmacy claims (Part D) or a record of
infusion in the physician or outpatient claims (Part B) anytime throughout the period of
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beneficiaries’ enrollment in Medicare. We classified the beneficiaries, first as a
traditional DMARD or a biologic DMARD user and within the biologic DMARD users,
by the route of administration (self-injectable/oral or infusible). Beneficiaries who used
traditional DMARDs concomitantly with the biologics were considered to be biologic
DMARD users. For our analysis, we allowed a beneficiary to contribute to more than one
drug. The individual-level clustering occuring because of repeated observations was
accounted for in the statistical analysis. Beneficiaries who switched treatments among the
routes of administration, for example, initiated an infusible biologic DMARD and
switched to self-injectable or vice versa were classified as biologic DMARD
combinations and these observations (n=445) were excluded from the main analysis as
they could not be classified as either self-injectable or infusible DMARD users (Figure
4.1).
4.3.4. Factors associated with drug use
We considered the following demographic characteristics – gender, age, race/ethnicity,
and current reason for Medicare enrollment (age or disability). Additionally, we included
LIS eligibility and Medicare-Medicaid dual eligibility to account for potential access
issues related to differential out-of-pocket cost incurred for drug treatment and its
influence on biologic DMARD utilization. We used several proxy variables to account
for disease severity and beneficiary overall health status. For example, the use of assistive
devices served as a proxy for physical disability and glucocorticoids (GC) given alone or
in combination as a proxy for disease severity. 33 The median dosage used was 7.5
mg/day. Therefore, we categorized the concomitant GC use variable as no GC, < 7.5
mg/day and ≥7.5 mg/day. We used the Deyo adaptation of ICD-9 data to calculate the
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Charlson comorbidity score (CCI) over a year to account for the comorbid disease
burden.75 Additionally, we included the calendar year as one of the covariates to account
for differences in the timeline of biologic DMARD approval and availability on the
market. We categorized the data available from 2006-2015 into the following 5 time
points: 2006-2007, 2008-2009, 2010-2011, 2012-2013, and 2014- 2015.
We included the following covariates to evaluate whether the beneficiary region
of residence was associated with biologic DMARD utilization. We used the AHRF files
to stratify the beneficiary residential location into census regions: Northeast, Midwest,
South, and West.73 The U.S. Virgin Islands and Puerto Rico are not included among the
nine divisions and do not have an urban/rural status assigned to their counties prior to
2013. Therefore, beneficiaries residing in these locations were excluded from our
analysis. We further characterized the locale using the urban-rural continuum variable.
We specified the urban-rural continuum variable into following categories: large metro,
small metro, urban, and less urban/rural. We also included county-level density of
hospitals. The outpatient-infusion centers within the hospital or independent clinics were
considered under hospital density per the AHRF data. The infusion center density
variable was calculated as the number of hospitals per 100,000 residents and categorized
as low, medium and high. This categorization represented the 32 nd and 63rd percentile of
the distribution.
4.3.5. Statistical analysis
This study evaluated the bivariate correlation between the patient-level characteristics
among the traditional and biologic DMARDs using chi-square tests. Additionally, the
chi-square test was used to evaluate differences in the percentage of DMARD and
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biologic DMARD use between the four US regions over the years. We evaluated the
adjusted differences in DMARD use across the 5 time points among the US regions using
logistic regression model. Further analysis of adjusted estimates of the outcome – use of
traditional DMARD versus biologic DMARD and infusible versus self-injectable/oral
biologic used a logit model. In order to account for clustering due to the region of
residence among the study cohort, the regression model included the generalized
estimating equations correction.
Figure 4.1: Study cohort for aim 1
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4.4. Results
As seen in Figure 4.1, the analytical sample consisted of 46,002 continuously
enrolled, Medicare beneficiaries with RA who received DMARD treatment. In this
cohort, 71.8% (n=33,028) used traditional DMARDs and 28.2% (n=12,974) used
biologic DMARDs.
4.4.1. Distribution of DMARD users across beneficiary characteristics
Among the biologic DMARD users, a majority of beneficiaries 65.1% (n=8,436)
used infusible agents. As seen in Table 4.1, a higher percentage of beneficiaries ≥ 65
years (vs. disabled) were traditional (75.9%) and infusible DMARD (75.7%) users. As
expected, the proportion of <2 CCI score was higher among traditional DMARD
(62.6%), biologic DMARD (58.7%), and self-injectable/oral DMARD users (63.3%). A
significantly high percentage of beneficiaries with full/partial LIS subsidy were selfinjectable/oral biologic users (58.3%) versus the infusible biologics (21.4%). A
significantly high percentage of traditional (65.5%), self-injectable/oral (65.6%) and
infusible DMARD (67.5%) users were residing in large metropolitan areas compared to
the urban and rural areas. A higher proportion of both traditional (41.5%) and biologic
DMARDs (42.3%) were used by beneficiaries residing in the South region compared to
the other three regions (Table 4.1). A significantly high percentage of infusible biologic
users compared to the self-injectable/oral users resided in the locale with a medium
density (33.5%) or high density (33.7%) of infusion centers.
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Table 4.1: Patient characteristics among traditional DMARD and biologic DMARD
users by route of administration
Characteristics

Traditional
DMARD
N
%
33,028 71.8

Biologic
DMARD
N
%
12,974 28.2

Self-injectable/oral
biologic
N
%
4,538
9.9

Infusible
biologic
N
%
8,436
18.3

Total
Medicare status
25,083 75.9
8,889
68.5
2506
55.2
6383
75.7
≥ 65 years
7945
24.1
4,085
31.5
2032
44.8
2053
24.3
Disabled
10,111 77.9
3493
77
6618
78.5
Gender (%, Female) 26,076 78.9
Race/Ethnicity
26,510 80.3
10,806 83.3
3,539
78
7,267
86.1
White
3,798
11.5
1,243
9.6
553
12.2
690
8.2
Black
2,720
8.2
925
7.1
446
9.8
479
5.7
Other
LIS status
19,197 58.1
8,520
65.7
1,893
41.7
6,627
78.6
no LIS
13,831 41.9
4,454
34.3
2,645
58.3
1,809
21.4
full/partial LIS
Assistive devices
(%,users)
19,778 59.9
7,868
60.6
2,815
62
5,053
59.9
no assistive devices
13,250 40.1
1,723
38
3,383
40.1
5,106
39.4
any assistive device
CCI index
20,683 62.6
7,622
58.7
2,872
63.3
4,750
56.3
<2
12,345 37.4
5,352
41.3
1,666
36.7
3,686
43.7
≥2
Glucocorticoid
9,038
27.4
4,392
33.9
1,026
22.6
3,366
39.9
no GC
15,937 48.3
5,998
46.2
2,412
53.2
3,586
42.5
< 7.5 mg/day
8,053
24.4
2,584
19.9
1,100
24.2
1,484
17.6
≥ 7.5 mg/day
Urban/rural
21,639 65.5
8,673
66.8
2,977
65.6
5,696
67.5
Large metro
5,614
17
2,231
17.2
794
17.5
1,437
17
Small metro
3,268
9.9
1,171
9.0
430
9.5
741
8.9
Urban
2,503
7.6
896
6.9
334
7.4
562
6.7
Less urban/rural
Region
6,184
18.7
2,221
17.1
893
19.7
1,328
15.7
Northeast
7,787
23.6
2,927
22.6
936
20.6
1,991
23.6
Midwest
13,711 41.5
5,491
42.3
1,899
41.9
3,592
42.6
South
5,346
16.2
2,335
18.0
810
17.9
1,525
18.1
West
Infusion center
density
11,508 34.8
4,418
34.1
1,648
36.3
2,770
32.8
Low
10,081 30.5
4,228
32.6
1,402
30.9
2,826
33.5
Medium
11,439
34.6
4,328
33.4
1,488
32.8
2,840
33.7
High
Note: Difference for all variables were statistically significant (p<0.05); The percentage values presented
are column % and rounded to a single decimal
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4.4.2. Factors associated with any biologic DMARD use and infusible biologic
DMARD use
As seen in Table 4.2, among the Medicare beneficiaries with RA and treated with
DMARDs, those who are aged (compared to disabled) (OR=0.81, 95% CI 0.74-0.89) and
Black (compared to White) (OR=0.78, 95% CI 0.73-0.84) have lower odds of using a
biologic DMARD compared to a traditional DMARD. Additionally, those who are
prescribed glucocorticoids had ~32% (95% CI 0.53 – 0.85), and those with moderate to
high comorbidity burden (≥ 2 CCI score) had 26% (95% CI 0.72 – 0.76) lower odds of
using a biologic DMARD compared to a traditional DMARD. However, the beneficiaries
who received full/partial low income subsidy (LIS) (OR = 1.76, 95% CI 1.66 -1.86), and
resided in areas with high density of infusion centers (OR = 1.08, 95% CI 1.02 – 1.14)
had higher odds of using biologic DMARDs. Among the beneficiaries using biologic
DMARDs, those with full/partial LIS (OR = 0.22, 95% CI 0.20-0.24), and using any dose
of glucocorticoids (OR ~ 0.56, 95% CI 0.53-0.58), had lower odds of using infusible
biologics compared to self-injectable/oral biologic DMARDs. On the other hand,
beneficiaries residing in areas with medium (OR = 1.20, 95% CI 1.1-1.33) and high (OR
= 1.22, 95% CI 1.09-1.4) infusion center density had higher odds of using infusible
biologic DMARDs compared to self-injectable/oral biologic DMARDs.
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Table 4.2: Multivariable analysis of factors associated with biologic DMARD use
Characteristics
Medicare status
Aged vs. disabled
Gender
Female vs. male
Race/Ethnicity (vs. White)
Black
Other
LIS status
Full/partial vs. no LIS
Assistive devices
Any device vs. none
CCI index
High vs. low
Glucocorticoid
≥ 7.5 mg/day vs. no GC
< 7.5 mg/day vs. no GC
Urban/rural
Large metro vs. rural
Small metro vs. rural
Urban vs. rural
Infusion center density
Med vs. low
High vs. low
Region
Northeast vs. West
Midwest vs. West
South vs. West

Any biologic DMARD vs.
Traditional DMARD
OR
CI

Infusible DMARD vs.
Self-injectable/oral
OR
CI

0.81

0.74 - 0.89

0.91

0.70 - 1.15

1.03

0.98 - 1.09

1.24

1.11 - 1.39

0.84
1.08

0.76 - 0.93
1.05 - 1.11

1.04
0.99

0.98 - 1.11
0.81 - 1.12

1.76

1.66 - 1.86

0.22

0.20 - 0.24

0.9

0.86 - 0.93

0.96

0.83 - 1.12

0.74

0.72 - 0.76

1.42

1.19 - 1.69

0.62
0.73

0.53 - 0.71
0.62 - 0.85

0.56
0.56

0.54 - 0.58
0.53 - 0.59

1.07
1.04
0.98

0.95 - 1.21
0.92 - 1.17
0.91 - 1.05

1.13
1.03
1.03

0.92 - 1.38
0.91 - 1.17
0.87 - 1.21

0.99
1.08

0.94 - 1.04
1.02 - 1.14

1.20
1.22

1.1 - 1.33
1.09 - 1.4

0.80
0.81
0.89

0.79 - 0.81
0.80 - 0.82
0.86 - 0.91

0.72
1.00
0.95

0.68 - 0.74
0.92 - 1.04
0.89 - 0.98

Note: Bolded numbers indicate p<0.05; in addition to the above variables, year of treatment use was included in the
model, but estimates were not presented.
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4.4.3. Patterns of biologic DMARD use across US regions over the years
As seen in Table 4.3, the use of self-injectable biologics increased from 34.7% in 20062007 to 38.5% in 2014-2015 while the use of infusible biologics decreased from 65.3% in
2006-2007 to 61.5% in 2014-2015. In the Midwest and South, we observed a consistent
increase in self-injectable/oral biologic users from 2006-2007 until 2012-2013, which
steadied in 2014-2015. In the Northeast and West, however, the percentage of selfinjectable biologics increased till 2012-2013 but dipped slightly in 2014-2015. The
results in Table 3 showed that across the US regions (except Midwest), beneficiaries were
more likely to use a self-injectable/oral as compared to an infusible biologic DMARD in
2014-2015 as compared to 2006-2007.
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Column percentages are rounded
Adjusted odds ratios (AOR) for self-injectable/oral biologic use in 2014-2015 vs. 2006-2007 were adjusted for gender, age, Medicare eligibility, race, LIS subsidy,
GC use. CCI score, assistive devices, and provider density.
‡
Bolded values indicate a significant difference in the odds of receiving self-injectable biologic in 2014-2015 vs. 2006-2007 by US regions.

†

*

Table 4.3: Patterns of biologic DMARD use by US regions, 2006-2015
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4.5. Discussion
The study presented results to provide a set of comprehensive patient-level factors
that are associated with biologic DMARD use among Medicare beneficiaries.
Optimizing treatment with biologics among older adults is challenging due to specific coexisting conditions (such as bone disorders, serious infections, and malignancies) or the
high comorbidity burden seen in this age group. 36 This was verified in our results as
relatively younger (disabled) beneficiaries were more likely to receive biologic
DMARDs. Beneficiaries with moderate to high comorbidity burden, however, were more
likely to use infusible biologics. Infusible biologic DMARDs are administered at an
outpatient facility with close monitoring of healthcare professionals. Therefore, the
patients with moderate-severe comorbidity burden might be prescribed the infusible
biologics to enable monitoring during administration.
Consistent with the findings of Yazdany et al. and Doshi et al., this study found that LIS
eligible beneficiaries compared to those who are not eligible were more likely to use selfinjectable/oral biologics (Part D covered) compared to infusible biologics (Part B
covered).2,3 Lower out-of-pocket expenses incurred by the beneficiaries who receive LIS
may reinforce the preference for self-injectable/oral biologics. These findings support the
hypothesis that Medicare coverage rules govern the overall biologic DMARD and the use
by route of administration.
This was one of the first studies to evaluate the density of infusion centers as a factor in
comparing the use of biologic DMARD use by route of administration. Higher odds of
receiving infusible biologics among beneficiaries residing in areas with a high density of
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infusion centers suggested that patient convenience in terms of proximity and availability
of out-patient infusion centers may have an impact on the route of administration
adopted.
The results of biologic DMARD use overall and by route of administration indicated an
increase in overall DMARD use over the years from 2006 to 2015. Among biologic
DMARDs, we observed that overall and across the US regions, the proportion of selfinjectable use increased over the years but more or less stabilized from 2012-2013 to
2014-2015. Overall, the likelihood self-injectable/oral biologic DMARD usage was
higher in 2014-2015 compared to 2006-2007. This could be for many reasons. First, more
self-injectable agents are currently available in the market versus infusible agents, while
an oral agent (tofacitinib) was recently approved in 2012. Second, the spike in 2012-2013
compared to 2006 to 2009 could indicate an influence of the Affordable Care Act (ACA)
and the provision to help close the doughnut hole. 3 However, evaluation of the impact of
ACA on biologic DMARD use was not the focus of our study. Therefore, further
assessment is needed on the impact of this policy on Part B versus Part D covered
biologic DMARD use with more recent data.
4.6. Limitations
The following factors should be considered while reviewing our findings. Our
analytical cohort included prevalent users. Therefore, beneficiaries who have "well
tolerated" one route of administration better than the other were grouped with those who
may have initiated the biologic DMARD. This may have biased the estimated impact of
some factors evaluated here. Apart from the association of the Medicare coverage rules
on biologic DMARD use by route of administration, the frequency of administration of
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either route or patient preference regarding a facility administered or home administered
treatment also plays a significant role in the usage patterns seen here. However, we were
unable to assess the patient preference through the variables available in the dataset.
Additionally, since this study utilizes the 5% random sample of FFS enrolled Medicare
beneficiaries diagnosed with RA, the obtained results cannot be generalized to the entire
RA population.
4.7. Conclusion
Socioeconomic factors affect traditional versus biologic DMARD use. Additionally,
out-of-pocket costs and density of infusion centers drive the use of the infusible
biologics. Across a decade, the use of infusible biologics is more frequent compared to
the self-injectable/oral agents. However, beneficiaries are more likely to use a selfinjectable now compared to 2006-2007.
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5. STUDY AIM 2 – EVALUATION OF DISCONTINUATION, ADHERENCE,
AND SWITCHING OF BIOLOGIC THERAPIES AMONG MEDICARE
BENEFICIARIES WITH RHEUMATOID ARTHRITIS1
5.1.Abstract
Objective: Consistent treatment is the cornerstone for successful management of
rheumatoid arthritis (RA). The study objective was to examine discontinuation,
adherence, and switching of biologic anti-rheumatic drugs and explore the associated
patient characteristics among Medicare beneficiaries with RA.
Method: Our data source was the Chronic Conditions Warehouse data (5% random
sample) for 2006-2015. We considered the medication discontinued if a 90-day gap
occurred within 12 months after the first prescription. Additionally, we measured
adherence in terms of the proportion of days covered (PDC) and the switching pattern.
We used the Cox Proportional Hazards model to evaluate patient factors associated with
discontinuation. We used logistic regression to evaluate factors associated with adherence
to biologic DMARDs.
Results: The median time to discontinuation was longest for etanercept users (18.5
months) followed by infliximab (14.7 months). Of the 11,532 biologic DMARD users,
infliximab was most frequently used (n=2,650, 25.7%) with adherence of mean PDC =
74%, second to etanercept (PDC = 75%). Compared to other biologic DMARDs, a higher
percentage of etanercept users (49.2%) had PDC≥80%. The highest percentage of

1

Priyanka Gaitonde, Francis Palumbo, Eleanor Perfetto, Marc Hochberg, Min Zhan, Julie Zito, Fadia
Shaya. In preparation for submission to Arthritis and Rheumatology Journal
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switching (23%) was observed among infliximab users. Factors such as index biologic
prescribed, patient gender, race/ethnicity, LIS eligibility, concomitant glucocorticoid use,
assistive device use, number of biologic DMARDs used pre-index were associated with
discontinuation and adherence to the biologic DMARD treatment.
Conclusion: Discontinuation rates and adherence differed widely among the different
biologic DMARD agents and by patient-level factors but not by route of administration.
Overall, sub-optimal adherence to the biologic DMARDs was seen among our study
cohort of Medicare beneficiaries. However, lower out-of-pocket costs are associated with
biologic DMARDs discontinuation rates.
5.2. Introduction
Rheumatoid arthritis (RA) affects approximately 1.5 million adults in the US and is one
of the more common autoimmune diseases. 76 It develops gradually and may include joint
pain, stiffness, and swelling. If RA is untreated or unresponsive to therapy, inflammation
and joint destruction may lead to loss of physical function, inability to carry out daily
tasks and difficulties in maintaining employment.1,17,18 The purpose of RA treatment is to
prevent joint deformation, reduce pain and avoid disability and the disease-modifying
antirheumatic agents (DMARDs) are the primary treatment.
The American College of Rheumatology (ACR) guidelines (2015) recommend the
persistent use of RA treatment even among patients with low disease activity or
remission.34 However, what is considered a clinically acceptable adherence rate
(proportion of days covered [PDC≥80%]) has been reported among less than 50% of
individuals prescribed with biologic DMARDs.4,5 Sub-optimal adherence rates may be
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attributed to the cost of biologic DMARDs and/or adverse events in addition to the
frequency of administration of medication which depends on the route of
admnistration.11,12,77 Rheumatologists typically recommend discontinuation of a biologic
DMARD, substitution or addition of another agent if the initiated treatment fails to
control the symptoms (i.e., inadequate response). Therefore, the measurement of
sustained long-term biologic DMARD use is a proxy for effectiveness and/or tolerance. 13
There are many methods for calculating treatment adherence and persistence. Drug
survival, discontinuation, the proportion of days covered (PDC), and medication
possession ratio (MPR) are some of the measures used. In the few studies that have
evaluated adherence and/or persistence with biologic DMARDs, there are inconsistencies
in the terminologies and methods used. 4,11,57,61,63,78 A majority of the studies evaluating
adherence to biologic DMARDs among Medicare beneficiaries focused on Medicare
managed care plans, which represent only a subset of the broader Medicare beneficiary
population.4,57,58 A recent study (2015) conducted by Zhang et al. used the Medicare
claims database (2006 – 2012) to assess if concomitant methotrexate (MTX) use was
associated with better biologic persistence. 79 However, it did not provide class-level
comparisons in terms of adherence and discontinuation nor evaluate patient-level factors
associated with adherence.
Factors associated with biologic DMARD utilization overall, such as low income subsidy
(LIS) eligibility, characteristics of the beneficiaries' locale, and baseline healthcare
burden, have been well-studied.10,31,53,55,80 However, the impact of these factors on
adherence and discontinuation have not been studied. Additionally, prevalence and
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predictors of switching after discontinuation of biologic DMARDs are understudied
among Medicare beneficiaries.
Persistent and sustained treatment is important for patients and clinicians to ensure high
quality care. However, they are also important for insurers and payers who are not only
responsible for the cost of the medications but also the additional health care services
utilized and costs incurred as a consequence of disease progression and treatment
failure.11 Thus, it is important to understand the factors associated with adherence and
discontinuation of biologic DMARD use. The purpose of this study is to examine
discontinuation, adherence, and switching over a 12-month period after biologic
DMARD initiation among Medicare beneficiaries with RA.
5.3. Methods
5.3.1. Data sources
This retrospective cohort study used the 5% random sample of the Medicare feefor-service (FFS) claims data (2006-2015). We used the medical claims (Part A and B) of
beneficiaries enrolled in Medicare fee-for-service plans and their pharmacy claims (Part
D). The Chronic Conditions Data Warehouse (CCW) dataset was used to identify RA
patients, measure drug utilization, and obtain demographic variables, information about
comorbidities, and use of assistive devices. The 2015 Area Health Resources File
(AHRF) was used to obtain geographical characteristics of interest such as U.S. census
divisions and the urban-rural continuum.73
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5.3.2. Study Sample
The study sample included Medicare beneficiaries enrolled between January 1,
2006, and December 31, 2015, aged ≥ 18 years, not having an end-stage renal disease
(ESRD), and having a diagnosis of RA (ICD-9-CM codes 714.00, 714.1, 714.2, 714.4,
714.8, 714.81, 714.89). Eligible patients had a record of at least 2 RA diagnoses in
physician (carrier) claims that were at least 7 days apart within 12 months (Maclean’s
algorithm).74
We considered the first medical (Part B) or prescription (Part D) claim from January 1,
2007, to December 31, 2014, for any of the biologic DMARDs (infliximab, etanercept,
adalimumab, rituximab, certolizumab, golimumab, abatacept, tocilizumab, or tofacitinib)
as the index date (Figure 1). Beneficiaries were required to have continuous enrollment in
Medicare Part A, B and D plans for 12-month pre-index and post-index dates. The study
sample selection from the Medicare claims is presented in Figure 2. We excluded
observations from beneficiaries residing in Puerto Rico and the U.S. Virgin Islands as the
urban/rural status was not assigned to these regions prior to 2013. 73
5.3.3. Study outcomes
Discontinuation
Discontinuation was defined as a continuous gap in prescription claim records after
initiation of the biologic. For Part D covered self-injectable drugs, duration of treatment
was operationalized as the sum of “days supply” variable while the gap was defined as
failure to identify a new claim of the index drug within a specific period of time. We used
the NDC codes to identify Part D covered self-injectable biologic DMARDs. For Part B
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covered infusible (facility-administered) drugs, the gap was identified based on the
dosing intervals for these medications. For example, every 6 to 8 weeks (42 to 56 days)
for infliximab, and every 4 weeks (28 days) for abatacept and tocilizumab. We used the
drug-specific J codes from medical claims to identify Part B covered infusible biologic
DMARDs.
Based on prior literature pertaining to compliance with biologic DMARDs, the index
drug was assumed to be discontinued if a continuous gap of 90 days without another
claim was observed.4,58,61,63 Beneficiaries may have discontinued the treatment entirely or
may have reinitiated the treatment either with the same drug or a different drug after the
90 day gap. Therefore, we considered their first 90-day gap during the 12-month followup after the index date. Similar to other studies that evaluated discontinuation with
biologic DMARDs, we conducted a sensitivity analysis with the continuous gaps of 60,
90 and 120 days. The purpose of this sensitivity analysis was to evaluate if in our study
cohort the 90-day gap was optimum to consider medication as discontinued.63
Figure 5.1: Study design for aim 2

Note: bDMARD; Biologic DMARDs
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Adherence and Switching
We measured adherence by calculating the proportion of days covered (PDC). The
numerator was the number of days covered with the index drug or class (self-injectable
and infusible), and the denominator was the duration of treatment. If a self-injectable was
dispensed before the previous dispensing was over, administration of the new selfinjectable was assumed to begin the day after the end of the old dispensing. For the
infusible biologic DMARDs, which are facility-administered, we identified the
medications via the drug-specific J codes. We then assigned “days of supply,” based on
the dosing intervals for the individual infusible biologic DMARDs. For example, a
beneficiary who had a claim for infliximab was assigned a days supply of 56 days. If the
date of infusion was delayed for clinical reasons such as the risk of infection, the
beneficiary was considered as “covered” for the additional days as long as the gap was
<90 days. If the days between two spans of coverage with infusible biologic DMARDs
overlapped, then we added the number of days overlapped and marked a new “fill-date”
to avoid undercounting the days covered.
We analyzed PDC as a binary covariate, considering PDC<80% as non-adherent and
PDC ≥ 80% as adherent. We defined switching as the first occurrence of non-index drug
or class claims within 90 to 120 days after the last fill of the index drug/class.
5.3.4. Statistical analysis
We conducted multivariable analysis to examine discontinuation and adherence to the
biologic DMARD drugs (abatacept, adalimumab, certolizumab, etanercept, golimumab,
infliximab, rituximab, tocilizumab, and tofacitinib) and for the following biologic
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DMARD classes, namely self-injectable versus infusible. The patient-level variables
considered were gender, age, race/ethnicity, Medicare eligibility status, and low-income
subsidy (LIS) eligibility. Clinical variables such as RA serological status or functional
status were not available in a claims dataset. Therefore, we used assistive device usage,
glucocorticoid use, and Charlson comorbidity index (CCI) to account for disease severity
and overall health status. Glucocorticoids (GC) are usually added on to DMARD or the
biologics when both classes of medications, either given alone or in combination are
unsuccessful in controlling the inflammation.33 Therefore, we considered concomitant
glucocorticoid use to account for disease severity. The median dosage used was 7.5
mg/day. Therefore we categorized the concomitant GC use variable as no GC, < 7.5
mg/day and ≥7.5 mg/day.1 We used the Deyo adaptation of ICD-9 data to calculate the
Charlson comorbidity score (CCI) during the 12 month pre-index period (Figure 1) to
account for the comorbid disease burden in our study.75
We considered beneficiaries' region of residence and the urban/rural nature of their
locale. Additionally, we considered concomitant use of traditional DMARD as a
covariate as many biologic DMARD drugs such as adalimumab and rituximab are usually
co-administered with methotrexate.63
Our data spans the period from 2006 – 2015 and over this period many newly approved
biologic DMARDs were available. The availability of novel biologic DMARDs may be a
factor in discontinuation and/or switch observed. Therefore, we considered the number of
previously used biologic DMARDs as a covariate accounting for the availability of new
treatments that may enable the switch and potential channeling bias. 81 Additionally, we
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allowed multiple observations from a patient if they had prescriptions for different
biologic DMARD.
A Cox Proportional Hazard model was used to evaluate the hazard for discontinuation,
accounting for varying treatment periods for biologic DMARDs during the 12-month
follow-up. We accounted for patient-level clustering in this model via sandwich
estimation.63,82 We used logistic regression to analyze the binary outcome for adherence
namely, PDC<0.80 (non-adherence) and PDC ≥ 0.80 (adherent). We conducted a
sensitivity analysis to assess the impact of repeated measures on our observed results. We
evaluated the factors associated with discontinuation and adherence to biologic DMARDs
via two analytical models. Model 1 had individual biologic DMARDs as one of the
covariates while Model 2 considered the routes of administration of biologic DMARDs
(self-injectable and infusible) as covariates. In order to analyze the difference in patient
characteristics across different types of switching patterns, we conducted chi-square test.
All the analyses were conducted in the SAS version 9.4 (SAS Institute, Cary, NC).
Figure 5.2: Study cohort for aim 2

ESRD: End stage renal disease

59

5.4.Results
5.4.1. Sample characteristics
Among the total sample of n=41,812 of DMARD users, 72.4% (n=30,280) used
traditional DMARDs, 14.6% (n=6,123) used infusible biologic DMARDs while 12.9%
(n=5,409) used self-injectable biologic DMARDs. A significantly higher percentage of
Medicare beneficiaries who were ≥ 65 years used traditional DMARDs (67.3%) and
infusible biologic DMARDs (67.9%) as compared to the disabled (relatively younger)
beneficiaries who had a higher proportion of self-injectable users (56.2%) (Table 5.1).
Female and white beneficiaries were significantly higher users of traditional, selfinjectable and infusible DMARDs. A higher percentage of beneficiaries with no LIS used
traditional DMARDs (54.2%) and infusible biologic DMARDs (62.9%) while a higher
percentage of those with partial/full LIS used self-injectable biologic DMARDs (69.2%)
A significantly high percentage of beneficiaries who used no assistive devices, had a less
than 2 CCI score, had less than 7.5 mg/day of concomitant glucocorticoid dosage and
traditional DMARD use, resided in large metro areas and in the South census region,
used the traditional DMARDs, infusible biologic DMARDs, and self-injectable biologic
DMARDs.

60

Table 5.1: Characteristics of new users of DMARDs among Medicare beneficiaries
with RA
Characteristics

Traditional
DMARD
N
%
30,280
72.4

Infusible
N
%
6,123
14.6

Self-injectable
N
%
5,409
12.9

Total
Medicare status
≥ 65 years
20,387
67.3
4,160
67.9
2,371
43.8
Disabled
9,893
32.7
1,963
32.1
3,038
56.2
24,482
80.9
4,983
81.4
4,414
81.6
Gender (%, Female)
Race/Ethnicity
White
24,367
80.5
5,178
84.6
4,103
75.9
Black
3,361
11.1
509
8.3
649
12
Other
2539
8.4
436
7.1
654
12.1
LIS status
no LIS
16,397
54.2
3,851
62.9
1,663
30.8
full/partial LIS
13,870
45.8
2,272
37.1
3,743
69.2
Assistive devices (%,users)
17,286
57.1
3,316
54.2
3,040
56.2
no assistive devices
any assistive device
12,994
42.9
2,807
46
2,369
43.8
CCI index
<2
19,006
62.8
3,475
56.7
3,417
63.2
≥2
11,274
37.2
2,648
43.2
1,992
36.8
Glucocorticoid
no GC
5,228
17.3
557
9.1
618
11.4
< 7.5 mg/day
17,271
57
3,989
65.1
3,286
60.7
≥ 7.5 mg/dl
7,781
25.7
1,577
25.8
1,505
27.8
22,341
73.8
5,497
89.8
4,953
91.6
Concomitant DMARDs (%)
Previous bDMARDs used
0
24,841
82
2,112
34.5
1,611
29.8
1
3,261
10.8
1,989
32.5
1,805
33.4
2
1,400
4.6
1,186
19.4
1,107
20.5
>3
778
2.6
836
13.7
886
16.4
Urban/rural
Large metro
19,157
63.5
3,962
64.9
3,531
65.6
Small metro
5,357
17.8
1,079
17.7
972
18.1
Urban
3,145
10.4
625
10.2
501
9.3
Less urban/rural
2,521
8.3
435
7.1
377
7
Region
Northeast
4,971
16.4
933
15.2
1,012
18.7
Midwest
7,168
23.7
1,475
24.1
1,029
19
South
12,586
41.6
2,503
40.9
2,253
41.7
West
5,451
18
1,190
19.4
1,087
20.1
Note: bDMARDs; Biologic DMARDs; Difference for all variables except gender were statistically
significant (p<0.05); The percentage values presented are column % and rounded to a single decimal
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5.4.2. Discontinuation
Table 5.2 presents discontinuation and switching measures for biologic DMARDs.
Among Medicare beneficiaries who used biologic DMARDs, the highest number of
prescriptions belonged to infliximab (n=2,650; 25.7%) followed by abatacept (n=2,000;
19.4%). The overall, unadjusted median time to discontinuation (90-day gap) after
initiating the medication was longest for etanercept (18.5 months) followed by infliximab
(14.7 months) while it was lowest for tofacitinib (4 months). The highest discontinuation
percentage was observed among tofacitinib users (79.3%) at 12 months, among
certolizumab users (59.1%) at 6 months, and among tofacitinib users at 18 months (80%).
The percentage of users across all the biologic DMARDs with a continuous gap of ≥ 60
days and ≥ 90 days was similar as opposed to the percentage of users with ≥ 120 days
gap.
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Table 5.2: Discontinuation, adherence, and switching measures for index biologic
among Medicare beneficiaries with RA
Parameters
N
Median duration of treatment
(months)
% discontinued at 12 months
(≥ 60 days gap)
% discontinued at 12 months
(≥ 90 days gap)
% discontinued at 12 months
(≥ 120 days gap)
Adherence over the
treatment period (PDC)* ±
Mean PDC
PDC < 70% (%)
PDC ≥ 70% (%)
PDC ≥ 80% (%)
PDC ≥ 90% (%)
Switching
% of patients that switched
% Abatacept
% Adalimumab
% Certolizumab
% Etanercept
% Golimumab
% Infliximab
% Tocilizumab
% Tofacitinib

ABA
2,000

Infusible
INF
TOC
2,650
757

ADA
1,993

Self-injectable
CER ETA
286 1,978

GOL
251

Oral
TOF
391

9.9

14.7

7.0

7.4

4.5

18.5

7

4

61.3

46.6

70.9

68.3

77.6

47.3

73.6

80.8

57.3

43.8

69.3

64.7

75.5

43.8

70.1

79.3

56.3

42.6

67.8
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73.8

42.2

68.1

77.8

0.68
48.4
19.8
19.5
12.4

0.74
36.9
17.5
24.6
20.9

0.67
53.8
19.1
16.8
10.2

0.63
60.6
17.8
11.6
10.1

0.63
60.3
14.5
9.8
15.4

0.75
39.7
11.1
11.3
37.9

0.62
66.7
14.2
13.3
5.8

0.71
50.5
10.8
11.4
27.3

16.7
N/A
20.2
16
24.1
11.6
46.2
22.1
20.3

23
16.2
15.6
11.3
18.7
15.2
N/A
7.4
7.8

6.4
31.2
7.1
17
2.2
9.8
14.1
N/A
21.9

17.6
9.1
N/A
11.3
44.3
18.8
13.5
5.1
10.9

2.5
2.8
9.8
N/A
4.7
16.1
1.7
6.9
12.5

17.5
8.2
20.9
10.4
N/A
8
4.5
5.5
10.9

2.2
1.9
9.8
11.3
3.1
N/A
1.9
1.8
4.7

3.5
8
8.3
11.3
5.2
15.2
2.4
20.3
N/A

Note: *Row percentage; ± significant at p<0.05; Rituximab is not included in the above table due to low sample size
values in more than one field on the table. Bolded values are the most frequent values. bDMARD. Biologic disease
modifying anti-rheumatic drugs; ABA. Abatacept; ADA. Adalimumab; CER. Certolizumab; ETA. Etanercept; GOL.
Golimumab; INF. Infliximab; TOC. Tocilizumab; TOF. Tofacitinib; NA. Not applicable

5.4.3. Adherence
Overall, we found that the average adherence was PDC=0.68 (67.9%). Medicare
beneficiaries who used infliximab and etanercept had an equally high mean PDC value of
74% and 75% respectively, while golimumab had the lowest mean PDC value of 62%.
Adherence measured over the treatment period for each index biologic at the following
threshold values, PDC<70%, PDC ≥70%, PDC ≥80%, and PDC ≥ 90% are presented in
Table 5.2. The highest percentage of Medicare beneficiaries using biologic DMARDs
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had average PDC <70% across all drugs. About 49.2% (n=973) of etanercept users
followed by 45.5% (n=1,205) infliximab users had PDC≥80%. Only 18.8% (n=47) of
certolizumab users had PDC≥80%.
5.4.4. Switching
Switching patterns are presented in Table 5.2, while the distribution of patient
characteristics across the switches within the biologic DMARDs by routes of
administration are presented in Table 5.4. As seen in Table 5.2, the highest percentage of
switching was seen among infliximab users (23%). The abatacept users (31.2%) and
tofacitinib users (21.9%) most frequently switched to tocilizumab. The adalimumab users
most frequently switched to etanercept (20.9%) while etanercept users (44.3%) and
golimumab users (18.8%) most frequently switched to adalimumab. The certolizumab
was found to have switched to tocilizumab (17%). Most infliximab (46.2%) and
tocilizumab (22.1%) users switched to abatacept.
Among the switches, about 14.5% initiated an infusible biologic DMARD and
switched to self-injectable while 20.5% initiated a self-injectable/oral biologic DMARD
and switched to an infusible biologic DMARD. Among 59.7% of the remaining switches,
32.5% switches were among the self-injectable/oral biologics, and 31.6% were among the
infusible biologics. As seen in Table 5.4, a significantly high percentage of switches
within the self-injectable/oral biologic DMARDs (61.3%, n=241) and from infusible to
self-injectable/oral biologics (62.3%, n=109) occurred among the disabled (younger)
Medicare beneficiaries. A significantly high percentage of those switching within the
infusible biologic DMARDs were not LIS eligible (68.1%, n=260), while for all other
switches the higher percentage of beneficiaries were LIS eligible.
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5.4.5. Factors associated with Adherence and Discontinuation
As seen in Table 5.3, females compared to males and black Medicare beneficiaries
compared to white, those with any assistive devices compared to none, and no
concomitant DMARD use had a higher risk of biologic DMARD discontinuation.
Medicare beneficiaries with partial/full LIS subsidy as compared to no LIS, those with
any dose of glucocorticoids vs. none, and residing in a small metro, urban, and less
urban/rural vs. large metro had a lower risk of biologic DMARD discontinuation Model 1
and Model 2). All the biologic DMARD medications (Model 1), except etanercept,
compared to infliximab presented a significantly high risk of discontinuation. The highest
discontinuation risk as compared to infliximab was seen for tofacitinib users (HR = 2.50,
95% CI 2.34-2.67) followed by certolizumab users (HR = 2.41, 95% CI 2.22-2.61). In
Model 2, that compared the discontinuation risk among biologic DMARDs by routes of
administration, there was no significant difference in the risk of discontinuation with selfinjectable versus infusible biologic DMARD.
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Table 5.3: Factors associated with biologic DMARD discontinuation over 12 months
post-index
Independent variables

Medicare status
≥ 65 years vs. Disabled
Gender (Female)
Race/Ethnicity (vs. White)
Black
Other
LIS status (vs. no LIS)
full/partial LIS
Assistive devices (vs. no devices)
any assistive device
CCI index (vs. <2)
≥2
Glucocorticoid (vs. no GC)
< 7.5 mg/dl
≥ 7.5 mg/dl
Concomitant DMARDs
(non-use)
Previous bDMARDs used
(vs. no previous bDMARD)
1
2
>3
Urban/rural (vs. large metro)
Small metro
Urban
Less urban/rural
Region (vs. West)
Northeast
Midwest
South
Self-injectable vs. infusible
Index biologic (vs. infliximab)
Abatacept
Adalimumab
Certolizumab
Etanercept
Golimumab
Tocilizumab
Tofacitinib

Discontinuation
(drug-level)
Model 1
HR
CI

Discontinuation
(self-injectable/oral vs. infusible)
Model 2
HR
CI

1.00
1.06

0.96 - 1.04
1.03 - 1.10

0.99
1.07

0.95 - 1.03
1.03 - 1.10

1.1
1.13

1.05 - 1.15
1.07 - 1.17

1.08
1.16

1.04 - 1.13
1.11 - 1.21

0.95

0.92 - 0.98

0.94

0.91 - 0.97

1.09

1.06 - 1.12

1.09

1.06 - 1.12

0.99

0.97 - 1.02

1.07

1.04 - 1.10

0.76
0.81

0.73 - 0.80
0.77 - 0.85

0.76
0.82

0.73 - 0.79
0.78 - 0.86

1.28

1.23 - 1.34

1.57

1.51 - 1.64

1.08
1.22
1.32

1.04 - 1.11
1.18 - 1.27
1.27 - 1.37

1.04
1.30
1.48

1.01 - 1.08
1.26 - 1.35
1.43 - 1.54

0.97
0.97
0.92

0.94 - 1.00
0.93 - 1.01
0.87 - 0.96

0.94
0.96
0.90

0.91 - 0.97
0.93 - 1.00
0.86 - 0.95

0.99
0.92
1.03
-

0.95 - 1.03
0.87 - 0.96
1.00 - 1.07
-

1.02
0.96
1.02
1.00

0.98 - 1.06
0.93 - 1.00
0.99 - 1.06
0.98 - 1.03

1.44
1.77
2.41
1.03
1.85
1.82
2.50

1.39 - 1.50
1.70 - 1.84
2.22 - 2.61
0.98 - 1.07
1.68 - 1.98
1.68 - 1.98
2.34 - 2.67

-

-

Note: Bolded values are significant with p<0.05
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Table 5.4: Characteristics of biologic DMARD users who switched
Characteristics

Among
infusible

Among selfinjectable/oral

Switch infusible to
self-injectable/oral

Switch selfinjectable/oral
to infusible
N
%
248
20.5

N
%
N
%
N
%
382 31.6
393
32.5
175
14.5
Total (n = 1208)
Medicare status
≥ 65 years
112
45.2
255 66.8
152
38.7
66
37.7
Disabled
136
54.8
127 33.2
241
61.3
109
62.3
318 83.2
327
83.2
142
81.1
207
83.5
Gender (%, Female)
Race/Ethnicity
White
126
72
187
75.4
334 87.4
288
73.3
Black
22
12.6
33
13.3
25
6.5
47
12
Other
27
15.4
28
11.3
23
6
58
14.8
LIS status
no LIS
260 68.1
111
28.2
50
28.6
86
34.7
full/partial LIS
122 31.9
282
71.8
125
71.4
162
65.3
Assistive devices
(%,users)
no assistive devices
189 49.5
83
47.4
130
52.4
230
58.5
any assistive device
193 50.5
92
52.6
118
47.6
163
41.5
CCI index
<2
218 57.1
100
57.1
144
58.1
263
66.9
≥2
164 42.9
75
42.9
104
41.9
130
33.1
Glucocorticoid
no GC
14
8
25
10.1
23
6
53
13.5
< 7.5 mg/day
109
62.3
147
59.3
265 69.4
236
60.1
≥ 7.5 mg/day
52
29.7
76
30.7
94 24.6
104
26.5
Concomitant
363
95
369
93.9
158
90.3
234
94.4
DMARDs (%)
Previous bDMARDs
used
1
157 41.1
156
39.7
73
41.7
81
32.7
2
137 35.9
140
35.6
43
24.6
86
34.7
>3
88
23
97
24.7
52
29.7
69
27.8
Urban/rural
Large metro
259
68
274
69.9
113
64.6
160
64.8
Small metro
59 15.5
58
14.8
38
21.7
47
19
Rural
63 16.5
60
15.3
24
13.7
40
16.2
Region
Northeast
65
17
76
19.3
21
12
43
17.3
Midwest
82 21.5
70
17.8
33
18.9
58
23.4
South
165 43.2
170
43.3
80
45.7
101
40.7
West
69 18.1
76
19.3
41
23.4
45
18.2
Note: Bolded values are significant with p<0.05; The percentages are column percentages rounded to a
single decimal
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We present the results of factors associated with adherence among biologic
DMARD users in Table 5.5. Medicare beneficiaries with full/partial LIS compared to no
LIS and those using any assistive devices, had lower odds of being adherent. Those
concomitantly using any GC dosage had 28%-56% higher odds of being adherent (95%
CI 1.07-1.85). Additionally, those concomitantly using traditional DMARDs had 1.67
times higher odds (95% CI 1.40-1.98) by model 1 and 1.84 times higher odds (95% CI
1.55-2.18) by model 2 of being adherent. In both models, as the number of previously
used biologic DMARDs increased the odds of beneficiaries being adherent decreased.
Compared to infliximab, all the other biologic DMARDs except for etanercept (OR=1.29,
95% CI 1.13-1.47) had significantly lower odds of being adherent. Certolizumab and
tofacitinib users had ~56% lower odds (95% CI 0.41-0.76) of being adherent followed by
adalimumab users who had ~37% lower odds of being adherent (95% CI 0.32-0.42). In
model 2, we found that biologic DMARD route of administration was not a factor for
adherence among Medicare beneficiaries. Additionally, in model 2 we found that as
compared to large metro areas, residents of small metro and urban areas had higher odds
of being adherent.
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Table 5.5: Factors associated adherence to biologic DMARDs over their treatment
period
Independent variables

Adherent
(PDC ≥ 80%)
Model 1
OR
CI

Adherent
(PDC ≥ 80%)
Model 2
OR
CI

1.03
0.88

0.87 - 1.21
0.78 - 0.99

1.07
0.91

0.91 - 1.25
0.81 - 1.02

0.93
0.81

0.79 - 1.11
0.67 - 0.98

0.95
0.78

0.81 - 1.12
0.65 - 0.94

0.95

0.84 - 1.00

0.93

0.83 - 1.00

0.86

0.77 - 0.95

0.86

0.78 - 0.95

1.01

0.91 - 1.12

0.93

0.85 - 1.02

1.56
1.34
1.83

1.31 - 1.85
1.11 - 1.62
1.51 - 2.24

1.49
1.28
2.23

1.27 - 1.78
1.07 - 1.53
1.85 - 2.69

0.81
0.72
0.61

0.72 - 0.91
0.63 - 0.84
0.51 - 0.72

0.79
0.60
0.46

0.71 - 0.88
0.53 - 0.69
0.39 - 0.55

1.13
1.11
1.17

0.99 - 1.29
0.95 - 1.31
0.97 - 1.41

1.15
1.13
1.13

1.02 - 1.29
1.00 - 1.32
0.95 - 1.35

1.02
1.11
0.9
-

0.87 - 1.21
0.96 - 1.29
0.79 - 1.03
-

0.96
1.09
0.93
0.98

0.82 - 1.12
0.95 - 1.26
0.82 - 1.05
0.89 - 1.08

0.51

0.44 - 0.58

-

-

Adalimumab

0.23

0.18 - 0.26

-

-

Certolizumab

0.17

0.10 - 0.27

-

-

Etanercept

1.18

1.04 - 1.35

-

-

Golimumab

0.26

0.17 - 0.39

-

-

Tocilizumab

0.36

0.29 - 0.45

-

-

0.12 - 0.26

-

-

Medicare status (vs. disabled)
≥ 65 years
Gender (Female)
Race/Ethnicity (vs. White)
Black
Other
LIS status (vs. no LIS)
full/partial LIS
Assistive devices (vs. no devices)
any assistive device
CCI index (vs. < 2)
≥2
Glucocorticoid (vs. no GC)
< 7.5 mg/dl
≥ 7.5 mg/dl
Concomitant DMARDs
Previous bDMARDs used (vs. 0)
1
2
>3
Urban/rural (vs. large metro)
Small metro
Urban
Less urban/rural
Region (vs. West)
Northeast
Midwest
South
Self-injectable vs. infusible
Index biologic (vs. Infliximab)
Abatacept

Tofacitinib

0.17

Note: Bolded values are significant with p<0.05
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5.5. Discussion
This study used most recent available Medicare claims data to comprehensively
evaluate the discontinuation, adherence and switching patterns of biologic DMARDs,
particularly those that are relatively new (for e.g. abatacept, tocilizumab and the oral
agent – tofacitinib). This study is one of the first to explore the distribution of patient
characteristics across switching patterns by biologic DMARD route of administration
among Medicare beneficiaries. Additionally, this study is unique in terms of assessing
how the factors associated typically with biologic DMARD use, impact biologic
DMARD discontinuation and adherence. The results of which could be used to determine
the value of a biologic in terms of adherence as consistent treatment are associated with
better clinical outcomes.83
Discontinuation
Infliximab is the oldest and cheapest biologic DMARD, therefore it was not
surprising that it is the most prescribed biologic. The frequency of infliximab
administration is every 6 to 8 weeks, which may contribute to the long average duration
of treatment observed and the low percentage of discontinuations among this patient
group. Although the American College of Rheumatology Guidelines does not explicitly
mention it, in the clinical practice, infliximab and etanercept are most often prescribed as
first-line of therapy. However, infliximab is shown to be associated with adverse events
such as serious infections, which justifies the highest percentage of switchers seen among
infliximab users.84 Clinical trials have shown that RA patients who have experienced
treatment failure with methotrexate and are prescribed with biologic show only 50%
improvement in their RA symptoms. Additionally, this clinical response was observed to
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decline with subsequent treatments.41,44 This explains why compared to infliximab, all
other biologic agents (except etanercept) were observed to have higher odds of
discontinuation. Higher possibility of treatment failure with subsequent biologic use was
further reinforced through a dose-response relationship seen between an increased
number of previous biologic DMARD use and consequent increase in the risk of
discontinuation and decrease in odds of adherence.
In our sensitivity analysis, consideration of a 120-day gap instead of a 90 day gap,
would have over-estimated the duration of treatment among all the biologic DMARDs
while a 60-day gap would have under-estimated it. The difference between %
discontinuations with 60-day and 90-day gaps are closer than a 120-day gap. Therefore,
we confirmed that 90-day gap is appropriate as an indication that the index biologic
DMARD medication was discontinued. The lowest percentages of discontinuations were
observed for infliximab followed second by etanercept and third by abatacept. These
results differ slightly from previous studies that have evaluated persistence, where
etanercept users have a low percentage of discontinuations, followed by infliximab and
adalimumab finishes third.4,61,63 However, most of the studies have not compared
abatacept to the above three drugs in these studies.
Adherence
We found that etanercept users had 18% higher odds (95% CI 1.04-1.35) than
infliximab to be adherent. This finding is consistent with studies that have comparatively
evaluated the adherence between infliximab, etanercept, and adalimumab and have used
medication possession ratio (MPR) to measure adherence. 34 We excluded rituximab from
our analytical model as it is recommended for severe RA patients who have not shown
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response with any other biologic. Additionally, the dosage and frequency of rituximab is
2 X 1000-mg, where the first dose is given on Day 1, next on Day 15 and the repetition
could be every 4 to 6 months. Therefore, with our follow-up period of 12 months to
measure discontinuation, we could not have adequately analyzed discontinuation with
rituximab.36
The average PDC values found in our study were comparable to the study by Li et al.,
examining adherence to etanercept, infliximab, and anakinra among Medicaid
beneficiaries.61 The study by Li et al. used a fixed time period (12 months) as a
denominator for PDC calculation. In our study, however, we considered the treatment
period for each biologic DMARD as the denominator in the PDC calculation. We believe
that considering the treatment period as a denominator accounts for the clinically
appropriate discontinuation/dose reduction of the biologic DMARD and does not
underestimate the "regularity" of treatment intake compared to a fixed 12-month period
as a denominator. The overall, adherence observed for biologic DMARDs was suboptimal, with over 60% of biologic DMARD users having PDC< 80. This indicates that
although beneficiaries were not actively discontinuing treatment, their regularity of intake
of these medications was low.
Among patients who achieve remission in their RA symptoms or lower disease
activity with biologic DMARDs, rheumatologists recommend lowering of the dose also
called as tapering of treatment.63,85 As most of the self-injectable are pre-filled syringes,
lowering doses may involve rheumatologists delaying the frequency of administration of
self-injectable biologic DMARDs. Therefore, the overall low PDC should be given
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further consideration as some delay in “filling” of the prescription might actually be
recommended by the rheumatologist.
Switching
A higher percentage of infliximab users who switched treatment switched to
abatacept (46%). One of the main reasons for this switch could be the serious infections
which are a known adverse event associated with infliximab use. Additionally, indicating
adherence to the ACR guidelines that recommend RA patients incurring infections with
TNF-inhibitor biologic DMARDs (infliximab, etanercept, and adalimumab) to be
switched to abatacept which has a different mechanism of action. 34 Switches were more
frequent from self-injectable to infusible than vice-versa which could be a function of
patient preference of the route of administration or incentivized by lower out-of-pocket
cost associated with Part B covered infusible biologics.
Factors Associated with Discontinuation and Adherence
We found racial and income differences in discontinuation risk and odds of adherence
with biologic DMARD users. Beneficiaries who are LIS recipients were considered to be
at low risk of discontinuing biologic DMARDs, indicating an association between lower
out-of-pocket costs and discontinuation risk. Therefore, payers considering value-based
formulary design involving biologics should include strategies to lower out-of-pocket
cost to lower discontinuation rates.
Patients who received concomitant glucocorticoids and traditional DMARDs
presented a lower risk of discontinuation and higher odds of adherence with biologic
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DMARDs indicating effective RA symptom management by the combination of agents
versus biologics alone.
5.6.Limitations
This study presents some limitations that need to be acknowledged. RA is found to be
highly prevalent in those with age 60 years and older.18,22 This makes Medicare FFS data
an adequate source to investigate biologic DMARD use. However, the current dataset
excludes the beneficiaries with managed care plans. Therefore, our study results are not
generalizable to the entire Medicare population.
The measurement of adherence involved evaluation of claim records which do not
indicate actual intake/use of the drug. However, for infusible (facility-administered)
biologic DMARDs, the claim is recorded from the facility where the infusion occurred.
Therefore, it is safe to assume that “exposure” to infusible biologic DMARDs is better
ascertained via the claims data than the exposure to self-injectable/oral biologic
DMARDs. The median age of RA diagnosis is 40-60 years.16 Therefore, many of the
beneficiaries in our data source were previously diagnosed with RA, and although we
included new users for biologic DMARDs, we did not have access to the biologic
DMARDs beneficiaries used or medical history prior to Medicare entry which may have
led to channeling bias. We tried to account for the bias by using the number of previously
used biologic DMARDs as a covariate in our analysis. 81
We have controlled for the patient-level characteristics in our model; however, by
virtue of using a claims database, there are unobserved factors such as medical history,
RA severity status, patient preference, and physician preference which may have led to
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the biologic DMARD treatment assignment. Therefore, our comparative assessment of
individual biologic DMARDs and by their route of administration should be interpreted
accordingly.
5.7. Conclusion
Discontinuation risk and adherence do not differ by the biologic DMARD route of
administration. However, it varies among the biologic DMARD agents. Lower out-ofpocket costs among Medicare beneficiaries is associated with lower discontinuation risk.
Therefore, value based insurance designs should consider lowering out-of-pocket costs
among beneficiaries to encourage consistent treatment with biologic DMARDs.
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6. STUDY AIM 3 – MEASURING THE IMPACT OF ADHERENCE TO
BIOLOGIC RHEUMATOID ARTHRITIS DRUGS ON HEALTHCARE
EXPENDITURES AMONG MEDICARE BENEFICIARIES 1
6.1. Abstract
Objective: Biologic DMARDs, though effective, are expensive and result in substantial
cost to both Medicare and patients with rheumatoid arthritis (RA). However, the impact
of biologic DMARD adherence on healthcare expenditures is not well understood. This
study aims to compare the total healthcare costs among adherent and non-adherent
biologic DMARD users.
Method: Our data source was the Chronic Conditions Warehouse data (5% random
sample) for 2006-2015. We measured adherence as proportion of days covered (PDC)
and considered PDC ≥ 80% as adherent. The total direct medical costs included the
physician, outpatient, inpatient, ED visit, skilled nursing facility, hospice care, and
durable medical device, and pharmacy costs. The costs were annualized and measured for
the treatment period of the medication. We used the generalized linear model for our
multivariable analysis to obtain adjusted mean healthcare costs associated with adherence
to biologic DMARDs
Results: Among n=10,451 Medicare beneficiaries with RA, 72.6% (n = 3,159) of the
infusible biologic DMARD users and 75.4% (n = 3,307) of the self-injectable biologic
DMARD users showed low adherence with PDC < 80%. Total healthcare cost was lower
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among adherent infusible biologic DMARD users compared to non-adherent ($33,797 vs.
$90,181; p<0.001) and among self-injectable/oral biologic DMARD users ($64,977 vs.
$80.908; p<0.05). We found similar findings among the adherent groups across
individual biologic DMARD drugs. Among self-injectable/oral biologic DMARD users,
the drug costs were higher among the adherent group compared to the non-adherent
($28,053 vs. 25,007; p<0.001).
Conclusion: In our cohort of Medicare beneficiaries, overall adherence sub-optimal.
Across biologic DMARD users, comparing the adherent cohort to the non-adherent
cohort, higher pharmacy costs were offset by lower total medical costs. Investment in
adherence programs for non-adherent biologic DMARD users could lower total costs of
care, despite the increase in drug costs.
6.2.Introduction
The prevalence of rheumatoid arthritis (RA) among Medicare beneficiaries is ~2%,
slightly higher than the prevalence observed in the overall population. 7 The diseasemodifying anti-rheumatic drugs (DMARDs) are essential for controlling symptoms and
progression of rheumatoid arthritis (RA). Along with better outcomes associated with the
biologic DMARD treatment, these medications have contributed to increased Medicare
spending on biologic DMARDs.3 For example, in the 2011 MedPAC report, infliximab
was noted as the fourth highest in Part B (medical claims) spending on drugs.8
Harnessing the maximum clinical benefit through the sustained use of biologic DMARDs
is an important goal of good quality RA care. Adherence to medications has shown to
improve health and potentially offset high-cost service utilization such as hospitalization
and admissions to the emergency department (ED). 14
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Previous studies have used the administrative claims data from managed care or other
private health insurance providers to evaluate the economic consequences associated with
persistent biologic DMARD use.58 Overall, the findings indicated that compliance with
biologic DMARDs led to higher pharmacy costs but lower medical costs. However, these
databases do not adequately include older adults with RA. Additionally, the studies
concluded that the lack of non-reduction in total healthcare cost seen among the
compliant cohort was attributable to the increased drug cost. 64 However, a deviation from
the above findings was noted in a study by Borah et al., which compared etanercept and
adalimumab for adherence and its economic consequences. This study inferred that in
addition to higher adherence associated with the etanercept treatment, patients had a
lower pharmacy and overall healthcare costs as compared to adalimumab.65
The cost of biologic DMARD-based RA treatment differs by its route of
administration. While the drug cost of infusible biologic DMARDs is lower than selfinjectable/oral biologics, the associated administration cost of these infusible drugs adds
to overall treatment cost. Persistence to these infusible biologic DMARDs may offset the
healthcare costs incurred due to treatment administration. 6
Treatment with biologic DMARDs is discontinued due to either cost of the drugs or
adverse events.12,17 Therefore, adherence to the prescribed biologic DMARDs is an
indicator of effectiveness and tolerance.13 Patients satisfied with and adherent to their
treatments are less likely to seek alternative modes of care and will have less frequent
visits with their rheumatologist, or other physicians, and incur additional healthcare
cost.6,86 Whether the potential cost savings from adherence to biologic DMARDs differ
among the infusible and the self-injectable biologic DMARDs is however unknown.
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Additionally, the evidence on economic consequences of non-adherence to biologic
DMARDs among Medicare beneficiaries is sparse. Therefore, the objective of this study
was to evaluate overall healthcare cost among beneficiaries adherent to biologic
DMARDs as compared to those non-adherent with the drug.
6.3.Methods
6.3.1. Data sources
This retrospective cohort study used the 5% random sample of the Medicare fee-forservice (FFS), Chronic Conditions Warehouse (CCW) data from 2006-2015. We used
medical claims (Part A and B) of beneficiaries enrolled in Medicare fee-for-service plans
and pharmacy claims (Part D). The CCW dataset was used to identify RA patients,
measure drug utilization, obtain the demographic variables, information about
comorbidities, and use of assistive devices. The 2015 Area Health Resources File
(AHRF) was used to obtain geographical characteristics of interest such as U.S. census
divisions and, the urban-rural location of residence.73
6.3.2. Study Sample
The study sample included beneficiaries enrolled between January 1, 2006, and
December 31, 2015, aged ≥ 18 years, not having an end-stage renal disease (ESRD), and
have a diagnosis of RA (ICD-9-CM codes 714.00, 714.1, 714.2, 714.4, 714.8, 714.81,
714.89). Eligible patients had a record of at least two RA diagnoses in physician (carrier)
claims that were minimum seven days apart within 12 months (Maclean’s algorithm).74
This algorithm is typically used to ensure that the study cohort does not include patients
wrongfully coded as RA. The study cohort (as seen in Figure 6.1) included beneficiaries
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continuously enrolled for at least 12 months in Medicare Part A, Part B, and Part D, not
enrolled in Medicare Advantage Plans, and had at least one prescription of biologic
DMARDs. We considered the first medical (Part B) or prescription (Part D) claim from
January 1, 2007, to December 31, 2014, for any of the biologic DMARDs as the index
date (Figure 6.2). The infusible or facility administered biologic DMARDs included were
infliximab, abatacept, and tocilizumab. The self-injectable or oral biologic DMARDs
included were etanercept, adalimumab, certolizumab, golimumab, and tofacitinib. The
beneficiaries were continuously enrolled for 12-month pre-index and post-index dates
and were considered to have initiated the biologic DMARDs if they did not have a claim
for the index biologic DMARDs in the previous 12 months. We excluded the
observations from beneficiaries residing in Puerto Rico and the U.S. Virgin Island as the
urban/rural status was not assigned to these regions before 2013.73
Figure 6.1: Study cohort for aim 3
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Figure 6.2: Study design for aim 3

*

bDMARD: biologic DMARD

6.4. Results
6.4.1. Study population
Among our study population of Medicare beneficiaries with RA treated with biologic
DMARDs (n=10,451), 57% (n=5,956) used infusible biologic DMARDs such as
infliximab, abatacept, and tocilizumab while 43% (n=4,495) used self-injectable biologic
DMARDs such as adalimumab, etanercept, golimumab or the oral biologic DMARDs,
tofacitinib. Among infusible biologic DMARD users (Table 6.1), a higher percentage of
beneficiaries were older than 65 years compared to the disabled while among selfinjectable biologic DMARD users, the proportion of disabled beneficiaries was higher.
Overall, a higher percentage of White beneficiaries used infusible and self-injectable/oral
biologic DMARDs. Among the Black beneficiaries, a higher percentage (12.1%, n=583)
however, used self-injectable/oral biologic DMARDs compared to infusible biologic
DMARDs (8.1%, n=460). Among infusible biologic DMARD users, a higher percentage
of beneficiaries were not LIS recipients (63.5%, n=3,586) while among selfinjectable/oral biologic DMARD users, a higher percentage of beneficiaries had either
full or partial LIS (70.3%, n=3,374). The percentage of beneficiaries who did not use
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assistive devices had <2 comorbidities and had <7.5 mg GC dose was higher among both
infusible and self-injectable/oral biologic DMARD users. About 90% or higher of the
beneficiaries using either an infusible or a self-injectable/oral biologic DMARD, had
concomitant traditional DMARD prescriptions. About ~70% of beneficiaries currently
using a biologic DMARD, had used at least one other biologic DMARDs in the pre-index
period. The highest percentage of beneficiaries using either infusible or selfinjectable/oral biologic DMARD resided in the South and large metro areas.
Additionally, a higher percentage of both infusible (72.6%, n=3,159) and selfinjectable/oral (75.4%, n=3,307) biologic DMARDs users had PDC < 80% compared to
PDC ≥ 80%.
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Table 6.1: Distribution of patient characteristics among biologic DMARDs by route
of administration
Characteristics

Infusible
N
%
5956
57.0

Self-injectable/oral
N
%
4495
43.0

Total
Medicare status
≥ 65 years
3,879
68.7
2,077
43.2
Disabled
1,767
31.3
2,728
56.8
4,590
81.3
3,911
81.4
Gender (%, Female)
Race/Ethnicity
White
4,798
85
3,647
75.9
Black
460
8.1
583
12.1
Other
388
6.9
572
11.9
LIS status
no LIS
3,586
63.5
1,428
29.7
full/partial LIS
2,060
36.5
3,374
70.3
Assistive devices (%, users)
no assistive devices
3,076
54.5
2,693
56.1
any assistive device
2,570
45.5
2,112
43.9
CCI index
<2
3,216
57
3,023
62.9
≥2
2,430
43
1,782
37.1
Glucocorticoid
no GC
502
9
535
11.1
< 7.5 mg/day
3,704
65.6
2,928
61
≥ 7.5 mg/day
1,440
25,5
1,342
27.9
5,098
90.3
4,430
92.2
Concomitant DMARDs (%)
Previous bDMARDs used
0
1,938
34.3
1,417
29.5
1
1,858
32.9
1,647
34.3
2
1,096
19.4
968
20.2
>3
754
13.4
773
16.1
Urban/rural
Large metro
3,656
65
3,105
64.9
Small metro
995
17.7
886
18.5
Urban
571
10.2
453
9.5
Less urban/rural
405
7.2
340
7.1
Region
Northeast
874
15.5
888
18.5
Midwest
1,357
24
917
19.1
South
2,325
41.2
1,997
41.6
West
1,071
19
982
20.4
Adherence
Adherence PDC < 80
3,159
72.6
3,307
75.4
Adherence PDC ≥ 80
1,617
27.5
1,078
24.6
*
not significant at p<0.05; The percentage values presented are column % and rounded to a single decimal

83

6.4.2. Treatment adherence
The overall median PDC value among biologic DMARDs users in the study population
was 68.3%. As seen in Figure 6.3, all the users of biologic DMARDs had a high proportion of
beneficiaries with PDC < 80%. Among beneficiaries who had PDC ≥ 80, the highest percentage
was among etanercept users (49.2%) followed by infliximab users (45.5%). Among the infusible
biologic DMARDs users, 27.5% had PDC ≥ 80% while 24.6% of self-injectable/oral users had
PDC ≥ 80%. Considering, the PDC threshold at the median value of 68.3% seen in our data, a
higher percentage of infliximab users (65.1%) followed by 62.4% of etanercept users had
adherence levels higher than the 80% threshold.
Figure 6.3: Adherence levels across biologic DMARD medications
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6.4.3. Healthcare Cost Associated with Adherence
The distribution of unadjusted total healthcare cost was significantly different
among the adherent (PDC ≥ 80%) and non-adherent (PDC < 80%) cohorts across the
biologic DMARDs. The distribution of medical cost was significantly different among
the adherent and non-adherent cohorts across all biologic DMARDs except among
certolizumab and golimumab users where it was non-significant. The drug costs differed
significantly among the adherent and non-adherent cohorts across all biologic DMARDs
except tofacitinib which was non-significant. Additionally, the distribution of all the
healthcare costs was significantly different among the adherent and non-adherent cohorts
of infusible and self-injectable/oral biologic DMARD users. The standard deviation for
all the costs across the biologic DMARDs was almost equal to the mean if not higher
indicating a skewed cost data. Therefore, we used the Wilcoxon Mann-Whitney test to
evaluate the differences (mentioned above) in the median costs among the adherent and
non-adherent cohorts across all biologic DMARDs.
We have presented the adjusted costs associated with adherence and nonadherence to the biologic DMARDs in Table 6.2. Except for certolizumab and
adalimumab, we found that the mean total healthcare costs were significantly higher
among the non-adherent cohort compared to the adherent cohort across the biologic
DMARD drugs. Additionally, the medical costs were observed to be significantly lower
among the adherent cohort across all biologic DMARDs. The results showed that the
drug costs were higher among the adherent group of all the Part D covered agents abatacept, adalimumab, certolizumab, golimumab, etanercept, and tofacitinib.
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Table 6.2: Annualized healthcare costs associated with adherence to biologic
DMARDs
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As seen in Figure 6.4, the adjusted incremental total healthcare cost and incremental
medical cost was significantly lower among the adherent versus non-adherent groups
using either infusible or self-injectable/oral biologic DMARD. The negative incremental
cost values indicated cost savings. We observed no savings none among the adherent
self-injectable/oral group. The savings in terms of drug cost observed among the adherent
infusible biologic group were non-significant.
Figure 6.4: Incremental costs associated with the adherent (PDC ≥ 80%) cohort

*Cost difference not significant
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6.5. Discussion
Our study is one of the first to evaluate the healthcare cost consequences associated with
non-adherence to individual biologic DMARDs, and by route of administration among
Medicare beneficiaries. First, we found that the overall adherence levels in our study
cohort were low. However, the proportion of adherent patients was higher among
infusible biologic DMARD users. Secondly, we found that the healthcare costs differed
significantly among the adherent and non-adherent groups, with higher adherence to
biologics as a predictor for lower overall healthcare expenditures among RA patients.
Finally, we observed that the impact of adherence on healthcare costs differed by the
biologic DMARD drug and route of administration.
Infliximab is the oldest biologic DMARD and well-known among practitioners, it is
typically given as a first-line. The higher costs incurred for abatacept and tocilizumab
could be an indicator that these drugs were used much later after initial diagnosis of RA
and reflected the healthcare costs accrued by beneficiaires over time. Additionally, the
higher health care cost could be because the drug cost is higher for abatacept and
tocilizumab (AWP ~ $4400 per months) compared to infliximab (AWP ~ $1336 per
month). The drug costs were higher among the adherent group compared to the nonadherent across all the Part D-covered drugs. These results could be due to the high drug
cost for the self-injectable and oral biologic agents. Overall, the higher total healthcare
costs incurred among the newer agents is because of channelling bias. The newer agents
are given to patients who have failed earlier treatments. Therefore, though the costs
incurred among newer agents such as tocilizumab and tofacitinib are high irrespective of
the adherence, it could be because these drugs are prescribed to patients with extremely
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severe RA who have failed treatment with earleir biologics. Additionally, the results of
our sensitivity analysis, considering the median PDC value (68.3%) as the threshold for
indicating adherent and non-adherent individuals were similar to our main results. This
indicates that ≥ 80% PDC may be a stringent threshold for RA and future studies could
verify lower than 80% PDC threshold through clinical outcomes.
Adherence to biologic DMARDs apart from being an indication of effectiveness also
indicates patients’ satisfaction with the prescribed treatment. This satisfaction with the
existing treatment, therefore, deters a patient from accessing additonal healthcare
services, generating cost savings. Based on our results we recommend that a drugspecific or a class-specific approach should be considered in implementing the adherence
improvement strategies for biologic DMARDs. Additonally, value based insurance
design strategies or other formulary designing frameworks should consider policies that
will reduce access barriers to RA biologics. Some of these strategies could include
lowering out-of-pocket costs and relaxing restrictions such as prior authorization to
encourage adherence to biologics which may lead to reduction in healthcare costs.
6.6. Limitations
Our results about the healthcare cost impact of adherence to biologic DMARDs should be
interpreted considering the following limitations. Measuring non-disease specific costs
may have led to the overestimation off the overall cost values presented in this study.
Measurement of the RA-specific costs may require a longer follow-up time which we
would not have achieved for newly approved drugs like tocilizumab and tofacitinib.
Additionally, we have annualized the costs which may have led to an overestimation of
some one-time medical costs incurred during a short treatment period. We did not include
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rituximab in our analysis as this biologic DMARD is recommended for severe RA
patients as a second-line when the previous biologic DMARDs fails. 34 Additionally, the
dosage and frequency of rituximab is 2 X 1000-mg, where the first dose is given on Day
1, next on Day 15 and the repetition could be every 4 to 6 months leading to lower PDC
values compared to the other biologic DMARDs. Our measurement of adherence
involved evaluation of claim records which do not indicate actual intake of the drug
except for the facility-administered infusible biologics. We have controlled for the
patient-level characteristics in our model; however, there are several unobserved factors
in a claims database such as medical history, RA severity status which may have
contributed to the healthcare costs observed in our study.
6.7. Conclusion
Adherence to biologic DMARDs leads to medical cost savings. However, the
impact of adherence on healthcare costs, especially pharmacy costs differs by individual
drugs and by route of administration.

90

7. OVERALL CONCLUSIONS, IMPLICATIONS, AND FUTURE RESEARCH
7.1. Summary of Findings and Conclusions
Access to biologic DMARDs among Medicare beneficiaries is not only governed by
the cost of these products but also the Medicare coverage rules. The information about
patient-level factors associated with biologic DMARD utilization helps identify the
access barriers among Medicare beneficiaries to these treatments. Consistent use of
medications lead to better symptom management among patients and avoid additional
healthcare costs to the payers (Medicare). Therefore, the purpose of this dissertation was
to generate new knowledge about factors associated with the use of biologic DMARDs
among Medicare beneficiaries, evaluate how these factors impact adherence to these
medications and quantify the impact of adherence in terms of healthcare cost to
Medicare.
The prevalence of RA among Medicare beneficiaries (2%) is higher than the rest of
the population in the US (0.6%).3 Currently, about 27% - 30% of Medicare beneficiaries
use biologic DMARDs. The facility administered infusible biologics are covered under
Part B while the home-administered self-injectable and the newly approved oral DMARD
are covered under Part D. Beneficiaries gain more comprehensive drug coverage for the
Part B covered drugs, i.e. less out-of-pocket expenses as compared to the Part D covered
medications. Additionally, the Medicare Modernization Act provisions incentivize the
physicians and hospitals that provide the infusible medications. These reasons may have
contributed to the higher prevalence of the facility-administered infusible biologic
DMARD use compared to the home-administered self-injectable medications. 54,87
91

Among Medicare beneficiaries who are low-income subsidy eligible, the out-of-pocket
expenses are minimal and therefore increased use of the self-injectable biologics among
this population was reported by other studies. Factors such as prior medical history,
disease activity levels, patient’s socio-demographic characteristics, and access to a
rheumatologist, are typically associated with the use of biologic DMARDs among RA
patients. In addition to these factors, among the Medicare beneficiaries, the coverage
rules and LIS eligibility impact access to the biologic DMARDs.
The initial results of this dissertation showed that although the use of biologic
DMARDs is increasing over a decade, the prevalence of traditional DMARDs
(conventional therapy) is high. The results about the high prevalence of self-injectable
biologic use among LIS eligible beneficiaries were consistent with other studies. Apart
from other well-known factors, this study showed that the beneficiaries residing in areas
with high density of infusion centers were more likely to use infusible biologics. Infusible
biologic DMARDs, particularly infliximab had a high prevalence of use among Medicare
beneficiaries. However, over the last decade, the use of self-injectable biologics has
increased. This could be because currently there are more self-injectable biologics and a
newly approved oral DMARD available in the market as compared to infusible biologics.
One of the Affordable Care Act (ACA) provisions was aimed at making the Part D
coverage more comprehensive for expensive drugs. The spike in the use of self-injectable
biologics post-2011 could be an indication of ACA lowering the out-of-pocket costs for
biologic and therefore enable use.
The overall adherence to biologic DMARDs was found to be sub-optimal in this
cohort of Medicare beneficiaries. The results showed that infliximab users were least
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likely to discontinue the medication, while beneficiaries were more adherent to
etanercept. Additionally, the results showed that LIS recipients were less likely to
discontinue biologic DMARDs, indicating that lowering out-of-pocket costs could be an
effective strategy to improve persistence among RA patients. The percentage of
switching was higher among LIS recipients compared to the non-LIS recipients
indicating that even for subsequent biologic DMARD prescriptions, the coverage rules
and patient’s affordability is considered. Finally, the dissertation results showed that
adherence to biologic DMARDs was associated with savings in the overall healthcare
costs. However, the results showed that the impact of adherence on drug costs differed
between infusible and self-injectable biologics. We found that although the drug costs
among adherent self-injectable biologic users were higher, they were offset by the
savings in the medical costs.
This study has successfully generated some new information biologic DMARD
utilization among Medicare beneficiaries. The study analyzed the association between
densities of infusion centers in a patient’s region of residence as one of the factors of
biologic DMARD use. This is one of the first studies to explore the switching patterns
among biologic DMARDs and the Medicare beneficiary characteristics associated with
switching patterns. Additionally, this study is one of the few that has analyzed the impact
of adherence to biologic DMARDs on Medicare spending. This dissertation used the realworld data to present use patterns of all the biologic DMARDs currently available as
opposed to previous observational studies that have restricted their analysis to the TNF
inhibitors namely infliximab, etanercept, and adalimumab.
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7.2. Implications
The study findings have implications for clinical practice and public policy.
Biologic DMARD utilization
Access biologic DMARDs is critical to their use. High prevalence of Part B covered
biologic use among Medicare beneficiaries except for those receiving LIS, indicates the
need for more comprehensive drug coverage and that access for biologics needs to be
improved for Medicare beneficiaries. LIS beneficiaries, possibly due to a lower out-ofpocket cost use self-injectable/oral biologics. However, the frequency of use of selfinjectable/oral biologics has increased in 2014-2015 regardless of the LIS status. This
could be indicative of the impact of ACA provisions for covering the doughnut hole in
Part D coverage. Density of infusion centers was associated with higher use of infusible
biologics compared to self-injectable/oral biologics. Although patient/physician
preference could not be assessed in this study, the proximity of infusion center is
suggestive of preference.
Recently, MedPAC had proposed moving Part B covered drugs to Part D drugs.
Following this, CMS published a report showing consolidating Part B and Part D covered
medications under Part D will not impact the drug costs but may help Medicare save on
administrative costs required to maintain drug coverage under different benefit
mechanisms.15,88 However, it is proposed that this transition will involve reducing
physician payments to provide infusible medications. 89 This could deter physicians from
prescribing the infusible biologics for all the disease conditions including RA and
eventually affect their ability to maintain the infusion centers. Further, it is unclear where
or how these infusible biologics will be dispensed or “filled”. Part D covered drugs
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typically has a pharmacy benefits manager (PBM) as a gate-keeper to avoid excess use of
expensive drugs. This transition will lead to more restrictions such as prior authorizations
on accessing the biologics adding to the access issues associated with biologic DMARDs.
Additionally, the proposed transition is projected to increase patient out-of-pocket cost
for medications. This may increase access issues pertaining to biologic DMARDs,
especially among non-LIS beneficiaries.
Discontinuation and adherence of biologic DMARD treatment
Adherence to the biologic DMARDs is contingent on some patient characteristics
apart from the biologic DMARD prescribed. Therefore, the adherence improvement
strategies adopted by payers should tailor these for specific patient sub-populations to
increase the value of biologics in terms of health outcomes.
The proposed transition of Part B drugs to Part D is assumed to increase the out-ofpocket costs for Medicare beneficiaries. This will especially be burdensome to non-LIS
beneficiaries. According to the results of this study, LIS beneficiaries are less likely to
discontinue biologic treatment indicating an association with lower out-of-pocket cost.
Therefore an increase in the patient out-of-pocket cost could lead to higher
discontinuation rates among, especially non-LIS beneficiaries. This could ultimately lead
to sub-optimal outcomes among Medicare beneficiaries with RA.
Healthcare cost associated with adherence to biologic DMARDs.
Adherence to biologic DMARDs leads to total healthcare cost savings for Medicare.
Adherence improvement strategies adopted as a part of the value based-insurance design
should consider lowering patient out-of-pocket cost. The investment made in such
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strategies will be offset by the healthcare cost savings achieved through optimal
adherence to biologic DMARDs.90
7.3. Future Directions
A few areas for future research emerged from this dissertation. Medicare claims were
the only data source used in this dissertation which limited the ability to examine other
clinically-relevant covariates and clinical outcomes such as disease severity and
functional ability. Claims data are a good resource to evaluate the prevalence of
medication and healthcare services used. However, these data are not collected for the
purpose of research. The comparative effectiveness evidence on biologic DMARDs,
especially the newer ones is lacking. Future observational studies could combine claims
and registry data to assess the impact of adherence and persistence to biologic DMARDs
on RA disease severity and overall functional ability.
Second, the findings of this dissertation showed that use of self-injectable biologics
increased post 2010-2011. Compared to 2006-2007, beneficiaries were more likely to use
self-injectable biologics in 2014-2015. A study by Yazdany et al. concluded that the
ACA would result in reducing the out-of-pocket costs for Part D covered selfinjectable/oral drugs. Therefore, future studies could assess the impact of ACA and the
Part D coverage gap impact on the utilization patterns of Part D versus Part B covered
drugs among Medicare beneficiaries (non-LIS). At present, the four biosimilar drugs
approved for RA are - Renflexis® and Inflectra® (infliximab-similar), Amjevita®
(adalimumab-similar), and Erelzi® (etanercept-similar). Although these agents are not
indicated for automatic replacement of the currently used biologics, these biosimilar
products are expected to shift the costs of the patented biologic products. Future studies
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could assess how the advent of biosimilar products impacts the prevalence of use of the
brand-name drugs and comparatively assess the safety outcomes among the brand
biologic and the biosimilar.
Third, this dissertation compared the healthcare costs among adherent and nonadherent groups by their biologic DMARD. Costs incurred after complete discontinuation
of biologic DMARD treatments over a year post-discontinuation would help quantify the
economic impact of treatment failure with RA. Future research projects could assess the
economic consequences of complete treatment discontinuation using the 100% Medicare
claims.
Finally, this dissertation highlighted the patient-level factors associated with the
uptake and adherence to biologic DMARDs and evaluated the healthcare costs for
patients non-adherent to their medication. The research topics covered in this project can
be enhanced by using different databases and methodologies to further the comparative
assessment of biologic DMARDs related to adherence.
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APPENDICES
Appendix 1: Exploratory distribution of patient characteristics
Parameters
Total
Medicare status
Gender
Race/Ethnicity

LIS status

Dual eligibility

Assistive devices

CCI index

Glucocortocoid

Urban/rural

Hospital density
Region

Census division

Non-user

Self-inj based

Infusible based

N (%)

N (%)

N (%)

N (%)

bDMARD
combi
N (%)

122317

75774 (61.9)

4458 (3.6)

8465 (7)

445 (0.4)

33175 (27.1)

DMARD based
N (%)

Aged

95693 (78.2)

61361 (64.1)

2461 (2.6)

6405 (6.7)

215 (0.2)

25195 (26.3)

Disabled

26724 (21.8)

14413 (53.9)

1997 (7.5)

2060 (7.7)

230 (0.9)

7980 (29.9)

Male

30604 (25)

20666 (67.5)

1025 (3.4)

1825 (6)

89 (0.3)

6979 (22.8)

Female

91813 (75)

55108 (60)

3433 (3.7)

6640 (7.2)

356 (0.4)

26196 (28.5)

White

98753 (80.7)

60944 (61.7)

3481 (3.5)

7288 (7.4)

349 (0.4)

26620 (27)

Black

14698 (12)

9586 (65.2)

537 (3.6)

691 (4.7)

52 (0.3)

3814 (26)

Asian

1833 (1.5)

1098 (59.9)

74 (4)

80 (4.4)

7 (0.4)

571 (31.2)

Hispanic

4244 (3.5)

2475 (58.3)

226 (5.3)

211 (5)

27 (0.6)

1301 (30.7)

Other

2889 (2.4)

1671 (57.8)

140 (4.9)

195 (6.7)

10 (0.4)

869 (30.1)

no LIS

76997 (62.9)

48949 (63.6)

1850 (2.4)

6654 (8.6)

168 (0.2)

19319 (25.1)

full LIS

38200 (31.2)

23028 (60.3)

2059 (5.4)

1444 (3.8)

225 (0.6)

11421 (29.9)

partial LIS

7220 (5.9)

3797 (52.6)

549 (7.6)

367 (5.1)

52 (0.7)

2444 (33.8)

no dual

81282 (66.4)

51127 (62.9)

2162 (2.7)

6919 (8.5)

196 (0.2)

20816 (25.6)

full dual

31585 (25.8)

19433 (61.5)

1590 (5)

1110 (3.5)

178 (0.6)

9250 (29.3)

partial dual

9550 (7.8)

5214 (54.6)

706 (7.4)

436 (4.6)

71 (0.7)

3109 (32.5)

canes/crutches

11218 (9.2)

7083 (63.1)

418 (3.7)

642 (5.7)

43 (0.4)

3025 (27)

walker

36860 (30.1)

23569 (63.9)

1138 (3.1)

2528 (6.9)

123 (0.3)

9483 (25.7)

wheelchair

22714 (18.6)

14988 (66)

776 (3.4)

1370 (6)

88 (0.4)

5481 (24.1)

≤1

59227 (48.4)

40926 (69.1)

1563 (2.6)

2774 (4.7)

138 (0.2)

13783 (23.3)

2

58576 (47.9)

31561 (53.8)

2800 (4.8)

5489 (9.4)

301 (0.5)

18368 (31.4)

≥3

4614 (3.8)

3287 (71.2)

95 (2.1)

202 (4.4)

6 (0.1)

1024 (22.2)

no GC

62147 (50.8)

48635 (78.3)

1001 (1.6)

3370 (5.4)

40 (0.1)

9074 (14.6)

< 7.5 mg/day

37725 (30.8)

15410 (40.9)

2375 (6.3)

3607 (9.6)

274 (0.7)

16010 (42.4)

≥ 7.5 mg/day

22545 (18.4)

11729 (52)

1082 (4.8)

1488 (6.6)

131 (0.6)

8091 (35.9)

Large metro

83265 (68.7)

52671 (63.3)

2906 (3.5)

5696 (6.8)

282 (0.3)

21639 (26)

Small metro

19228 (15.9)

11296 (58.7)

775 (4)

1437 (7.5)

87 (0.5)

5614 (29.2)

Urban

10589 (8.7)

6104 (57.6)

424 (4)

741 (7)

46 (0.4)

3268 (30.9)

4722 (57.9)

330 (4.1)

562 (6.9)

29 (0.4)

2503 (30.7)

Less urban/rural
MD density

Total

8150 (6.7)

Low

41197 (33.6)

24625 (59.8)

1620 (3.9)

2912 (7.1)

160 (0.4)

11849 (28.8)

Med

41857 (34.2)

26469 (63.2)

1417 (3.4)

2845 (6.8)

148 (0.4)

10944 (26.1)

High

39363 (32.2)

24680 (62.7)

1421 (3.6)

2708 (6.9)

137 (0.3)

10382 (26.4)

Low

46147 (37.7)

29885 (64.8)

1628 (3.5)

2799 (6.1)

140 (0.3)

11655 (25.3)

Med

38174 (31.2)

23708 (62.1)

1370 (3.6)

2826 (7.4)

157 (0.4)

10081 (26.4)

High

38096 (31.1)

22181 (58.2)

1460 (3.8)

2840 (7.4)

148 (0.4)

11439 (30)

Northeast

25168 (20.6)

16699 (66.3)

872 (3.5)

1328 (5.3)

64 (0.3)

6184 (24.6)

Midwest

27071 (22.1)

16251 (60)

920 (3.4)

1991 (7.3)

106 (0.4)

7787 (28.8)

South

48962 (40)

29579 (60.4)

1851 (3.8)

3592 (7.3)

181 (0.4)

13711 (28)

West

20043 (16.4)

795 (4)

1525 (7.6)

93 (0.5)

5346 (26.7)

New England

5647 (4.6)

3301 (58.5)

252 (4.5)

397 (7)

24 (0.4)

1672 (29.6)

Mid-Atlantic

19521 (15.9)

13398 (68.6)

620 (3.2)

931 (4.8)

40 (0.2)

4512 (23.1)

East North Central

19807 (16.2)

12490 (63.1)

668 (3.4)

1277 (6.5)

74 (0.4)

5286 (26.7)

West North Central 7264 (5.9)

3761 (51.8)

252 (3.5)

714 (9.8)

32 (0.4)

2501 (34.4)

South Atlantic

25578 (20.9)

15847 (62)

897 (3.5)

1897 (7.4)

87 (0.3)

6822 (26.7)

East South Central

8723 (7.1)

5159 (59.1)

352 (4)

600 (6.9)

29 (0.3)

2577 (29.5)

West South Central 14661 (12)

8573 (58.5)

602 (4.1)

1095 (7.5)

65 (0.4)

4312 (29.4)

Mountain

6258 (5.1)

3639 (58.1)

230 (3.7)

583 (9.3)

33 (0.5)

1768 (28.2)

Pacific

13785 (11.3)

8630 (62.6)

565 (4.1)

942 (6.8)

60 (0.4)

3578 (26)

12269 (61.2)

Note: Row percentages are rounded to a single decimal; DMARD: Disease modifying anti-rheumatic drugs; bDMARD:
biologic disease modifying anti-rheumatic drugs
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Appendix 2: Census region and census division names and underlying states
Region

U.S Census
Divisions

States

New England

Maine, Vermont Massachusetts, New Hampshire, Connecticut,
Rhode Island

Northeast
Middle Atlantic

New York, New Jersey, Pennsylvania

East North Central Ohio, Michigan, Indiana, Illinois, Wisconsin
Midwest

West North Central Minnesota, Iowa, Missouri, Kansas, Nebraska, South Dakota,
North Dakota
South Atlantic

South

Delaware, Maryland, District of Columbia, Virginia, West
Virginia, North Carolina, South Carolina, Georgia, Florida

East South Central Kentucky, Tennessee, Mississippi, Alabama
West South Central Arkansas, Louisiana, Texas, Oklahoma
Mountain

West

Pacific

Montana, Wyoming, Colorado, New Mexico, Arizona, Utah,
Idaho, Nevada
Washington, Oregon, California, Alaska, Hawaii

Source: Area Health Resource File (AHRF), 2016 documentation
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Appendix 3: Distribution of DMARDs use by routes of administration across
density of hospitals in U.S census regions
Traditional
DMARD

US Region

Northeast

Midwest

South

West

Selfinjectable/oral
N

%

Infusible

N

%

Low

3,123

50.5

453

50.7

N
597

%
44.9

Med

2,009

32.5

299

33.5

462

34.8

High

1,052

17

141

15.8

269

20.3

Low

1,346

17.3

180

19.2

339

17

Med

3,079

39.5

400

42.7

797

40

High

3,362

43.2

356

38

855

42.9

Low

4,126

30.1

542

28.5

1,059

29.5

Med

3,781

27.6

531

28

1,165

32.4

High

5,804

42.3

826

43.5

1,368

38.1

Low

2,913

54.5

473

58.4

775

50.8

Med

1,212

22.7

172

21.2

402

26.4

High

1,221

22.8

165

20.4

348

22.8

Note: Difference for all variables were statistically significant (p<0.05); The percentage values presented
are column %.and rounded to a single decimal
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Appendix 4: Distribution of DMARD use by routes of administration across
urban/rural areas in the US regions
Region

Northeast

Mid-West

South

West

Urban/rural
status

Traditional
DMARD
N
%

Selfinjectable/oral
N
%

Infusible
N

%

Large metro

5,081

82.2

743

83.2

1,083

81.6

Small metro

734

11.9

95

10.6

157

11.8

Urban

208

3.4

30

3.4

50

3.8

Less urban/rural

161

2.6

25

2.8

38

2.9

Large metro

4,365

56

546

58.3

1,122

56.3

Small metro

1,572

20.1

195

20.8

415

20.8

Urban

979

12.6

94

10

234

11.7

Less urban/rural

871

11.2

101

10.8

220

11

Large metro

8,424

61.4

1,113

58.6

2,404

66.9

Small metro

2,402

17.5

359

18.9

626

17.4

Urban

1,691

12.3

260

13.7

330

9.2

Less urban/rural

1,193

8.7

166

8.7

232

6.5

Large metro

3,769

70.5

575

71.2

1,087

71.3

Small metro

906

16.9

145

17.9

239

15.7

Urban

390

7.3

46

5.7

127

8.3

Less urban/rural

278

5.2

42

5.2

72

4.7

Note: Difference for bolded values were statistically significant (p<0.05); The percentage values presented are column
%.and rounded to a single decimal
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Appendix 5: Distribution of biologic DMARDs by route of administration across the
U.S. census divisions
Census divisions

New England

Mid-Atlantic

East North
Central

West North
Central

South Atlantic

East South
Central

West South
Central

Mountain

Pacific

Urban-rural
continuum

Total

Selfinjectable/oral

N (%)

N (%)

Infusible
N (%)

Metro

539 (82.7)

208 (38.6)

331 (61.4)

Urban

78 (12)

30 (38.5)

48 (61.5)

Rural

35 (5.4)

17 (48.6)

18 (51.4)

Metro

1438 (91.8)

590 (41)

848 (59)

Urban

100 (6.4)

44 (44)

56 (56)

Rural

28 (1.8)

8 (28.6)

20 (71.4)

Metro

1526 (78.2)

515 (33.7)

1011 (66.3)

Urban

310 (15.9)

124 (40)

186 (60)

Rural

116 (5.9)

41 (35.3)

75 (64.7)

Metro

549 (56.8)

140 (25.5)

409 (74.5)

Urban

213 (22)

56 (26.3)

157 (73.7)

Rural

205 (21.2)

60 (29.3)

145 (70.7)

Metro

2336 (83.1)

732 (31.3)

1604 (68.7)

Urban

366 (13)

144 (39.3)

222 (60.7)

Rural

109 (3.9)

45 (41.3)

64 (58.7)

Metro

571 (59.9)

185 (32.4)

386 (67.6)

Urban

249 (26.1)

118 (47.4)

131 (52.6)

Rural

133 (14)

52 (39.1)

81 (60.9)

Metro

1252 (73.4)

431 (34.4)

821 (65.6)

Urban

297 (17.4)

113 (38)

184 (61.9)

Rural

156 (9.1)

69 (44.2)

87 (55.8)

Metro

584 (71.7)

164 (28.1)

420 (71.9)

Urban

143 (17.6)

41 (28.7)

102 (71.3)

Rural

88 (10.8)

32 (36.4)

56 (63.6)

Metro

1373 (90.9)

524 (38.2)

849 (61.8)

Urban

112 (7.4)

39 (34.8)

73 (65.2)

Rural

25 (1.7)

-

15 (60)

‘-‘: The ‘n’ is <11, therefore, reporting it would be in violation of the DUA for CCW data
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p-value

0.5

0.3

0.1

0.6

0.001

<0.001

0.04

0.28

0.8

Appendix 6: Distribution of biologic DMARD use by routes of administration across
density of infusion centers in U.S census divisions
Total

US Region

New England
Mid-Atlantic
East North Central
West North Central
South Atlantic
East South Central
West South Central
Mountain
Pacific

Selfinjectable/oral

Infusible

N (%)

N (%)

N (%)

Low

234 (35.9)

89 (38)

145 (62)

High

418 (64.1)

166 (39.7)

252 (60.3)

Low

1058 (67.6)

463 (43.8)

595 (56.2)

High

508 (32.4)

179 (35.2)

329 (64.8)

Low

799 (40.9)

298 (37.3)

501 (62.7)

High

1153 (59.1)

382 (33.1)

771 (66.9)

Low

195 (20.2)

53 (27.2)

142 (72.8)

High

772 (79.8)

203 (26.3)

569 (73.7)

Low

1520 (54.1)

474 (31.2)

1046 (68.8)

High

1291 (45.9)

447 (34.6)

844 (65.4)

Low

173 (18.1)

65 (37.6)

108 (62.4)

High

780 (81.9)

290 (37.2)

490 (62.8)

Low

241 (14.1)

104 (43.2)

137 (56.8)

High

1464 (85.9)

509 (34.8)

955 (65.2)

Low

268 (32.9)

66 (24.6)

202 (75.4)

High

547 (67.1)

171 (31.3)

376 (68.7)

Low

1149 (76.1)

454 (39.5)

695 (60.5)

High

361 (23.9)

119 (33)

242 (67)
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p-value
0.7
0.001
0.06
0.8
0.05
0.9
0.01
0.05
0.02

N
Median duration of treatment (months)
Discontinuation
Continuous gap of ≥ 60 days (%)
% discontinued at 6 months
% discontinued at 12 months
% discontinued at 18 months
Continuous gap of ≥ 90 days (%)
% discontinued at 6 months
% discontinued at 12 months
% discontinued at 18 months
Continuous gap of ≥ 120 days (%)
% discontinued at 6 months
% discontinued at 12 months
% discontinued at 18 months

ADA
1,993
7.4

48.4
68.3
77.5
44.9
64.7
75
43.1
63
72.6

ABA
2,000
9.9

35.6
61.3
70.8
33.5
57.3
67.4
32.2
56.3
66.7

58.4
73.8
81.5

59.1
75.5
82.2

61.9
77.6
84.2

CER
286
4.5

29.8
42.2
47.9

31
43.8
49.3

33.8
47.3
52.8

ETA
1,978
18.5

45
68.1
77.7

45.8
70.1
79.7

48.6
73.6
82.5

GOL
251
7

26.5
42.6
53.2

27.6
43.8
54.4

29.9
46.6
57.4

INF
2,650
14.7

41.2
67.8
78.5

42.9
69.3
79.4

45.7
70.9
81

TOC
757
7.0

56.8
77.8
88.2

57.5
79.3
89

59.6
80.8
91.1

TOF
391
4

Appendix 7: Sensitivity analyses for measuring discontinuation with different gaps
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N

abatacept
1888
adalimumab
1958
certolizumab
217
etanercept
1892
golimumab
199
infliximab
2368
rituximab
980
tocilizumab
491
tofacitinib
234
Drug class prescribed
traditional DMARDs
28970
Infusible bDMARD
5727
Self-injectable bDMARD 4500

Drug prescribed

25.4
18.2
25.4

duration of treatment
(months)(mean)
18
13
8
43.9
10.5
25.7
4.2
11
7.3

% discontinued (60) duration of treatment % discontinued (90) duration of treatment % discontinued (120)
(months)(mean)
(months)(mean)
59.5
19.6
55.9
20.2
50.8
68.3
14.4
64.7
15.3
54.6
79.8
9.02
76.5
9.1
62.8
45.8
46.9
42.5
48
74.7
73.6
11
72.9
11.4
41
44.4
27.7
41.2
28.6
70.4
97.6
4.5
97.1
5.2
40
69.1
11.7
66.8
12.3
94.1
79.8
7.8
78.6
8.1
64.3
p<0.001
p<0.001
57.7
28.3
53.3
29.8
50.8
60.6
19.7
57.8
20.4
56.1
60.2
27.3
57
28.1
55.3
p<0.001
p<0.001
p<0.001

Appendix 8: Time till discontinuation by varying gap periods for biologic DMARDs
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174,867

84,709

225
2435
654
315

4385
4511

Golimumab
Infliximab
Tocilizumab
Tofacitinib
bDMARD by route of
administration
Self-injectable
Infusible

90,404

180,362

55,415

123,119

63,797

112,218

234
1822

71,479

96,664

Etanercept

1789

Adalimumab

25,961

62,103

114,641

60,879

16,881

61,042

35,548

163,386

77,643

36,704

Total Healthcare cost
PDC < 80% PDC ≥ 80%

Certolizumab

1764

Abatacept

N

62,084

60,253

146,621

108,227

42,566

95,811

43,475

78,136

47,152

67,166

17,883

34,439

83,068

40,813

11,565

27,016

15,990

117,314

37,089

25,792

28,360

25,145

28,246

72,135

12,879

27,837

21,026

34,528

24,932

29,525

8,087

27,897

31,572

20,066

5,317

34,026

19,737

46,072

40,650

10,960

Medical Cost
Drug cost
PDC < 80% PDC ≥ 80% PDC < 80% PDC ≥ 80%

Appendix 9: Unadjusted mean cost by adherence across biologic DMARDs
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Abatacept
Adalimumab
Certolizumab
Etanercept
Golimumab
Infliximab
Tocilizumab
Tofacitinib
route of
administration
Self-injectable
Infusible

N

4385
4511

1764
1789
234
1822
225
2435
654
315

$ 45,853
$ 38,041

$ 34,136
$ 10,722

$ 20,519
$ 25,565

$ 7,431
$ 6,057

$23,144
$ 6,529

$ 24,913
$ 2,811

Total Healthcare cost
Medical Cost
Drug cost
PDC < 80% PDC ≥ 80% PDC < 80% PDC ≥ 80% PDC < 80% PDC ≥ 80%
$ 41,574
$ 12,722
$ 27,769
$ 6,632
$ 6,864
$
3,202
$ 41,512
$ 49,741
$ 16,563
$ 10,827
$ 22,961
$ 36,192
$ 63,863
$ 87,585
$ 32,290
$ 34,737
$ 30,200
$ 43,349
$ 34,604
$ 24,070
$ 12,707
$ 3,972
$ 19,618
$ 16,796
$ 62,111
$ 44,395
$ 35,925
$ 9,103
$ 26,771
$ 33,662
$ 26,461
$ 9,141
$ 17,687
$ 5,463
$ 4,629
$
2,445
$ 94,596
$ 36,177
$ 55,045
$ 16,545
$ 21,997
$ 10,742
$ 100,754
$ 55,324
$ 72,416
$ 26,334
$ 26,329
$ 30,699

Appendix 10: Unadjusted median cost by adherence across biologic DMARDs
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Incremental

PDC< 68%
PDC ≥ 68%

Drug Cost

Incremental

PDC< 68%
PDC ≥ 68%

Medical Cost

Incremental

PDC< 68%
PDC ≥ 68%

Total Healthcare Cost

ADA

CER

ETA

GOL

INF

TOC

TOF

Infusible

Self-infusible

-15,841.60

-52696.6

-34,467.20

69,493.60 $ 24,199.00 $
-124787

-66238.6

79,675.50 $ 109,323.80 $

-19,358.20

12,608.30

11,092

3,608.2

13,146.30 $ 29,790.00 $ 43,516.00 $ 21,937.50 $

-26,777.5

$

-25407.6

32,504.50 $ 17,181.70 $ 32,424.00 $ 18,329.00 $

-32027.6

$

-56,604.40

-27,194

9696.6

31,100.30 $

-7,972.60

6,630.20 $

21,403.70 $ 14,602.70 $

-77922.7

35,943.40 $ 17,577.90 $

-51,058

30,759.60 $

81,817.60 $

-138644.5

67,840.80 $

11,600.80

32,327.20 $

20,726.40 $

-91511.4

73,626.70 $

24,208.40 $ 25,617.50 $ 65,662.00 $ 19,709.00 $

-714.10

$

-9240.1

80,812.70 $ 57,645.10 $ 91,385.00 $ 46,486.00 $ 113,866.10 $ 44,771.90 $ 206,485.30 $ 165,138.10 $

-77015.00

36,653.80 $ 59,477.40 $ 114,531.30 $ 42,312.00 $

$

$

-13580.3

-33870

-16,966.50

9553.5

12,178.30 $ 26,556.50

29,144.80 $ 17,002.90

-45,015

22,946.30 $ 32,752.00

67,961.30 $ 66,621.90

-62836.9

39,300.00 $ 62,829.60

$ 113,669.50 $ 68,717.60 $ 115,245.50 $ 58,153.00 $ 122,190.20 $ 58,666.20 $ 204,466.50 $ 175,562.40 $ 102,137.60 $ 76,409.80

ABA

Appendix 11: Annualized healthcare cost associated with median adherence
(sensitivity analysis)
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Appendix 12: Healthcare utilization associated with adherence among biologic
DMARDs
Unadjusted
Biological DMARD

Medical Resource Use
N (%)
Inpatient days
Hospitalizations

Abatacept

3.42 (2.87 - 4.08)

4.8 (6.7)

3.3 (3.1)

6.40 (5.47 - 7.42)

Physician visits

176 (151)

126 (125.1)

6.63 (5.60 - 7.85)

Outpatient visits

30.8 (35.7)

20.6 (24.3)

6.87 (5.80 - 8.13)

1.9 (1.7)

3 (4.1)

2.02 (1.55 - 2.62)

6.7 (10.8)

15 (23.6)

1.73 (1.44 - 2.08)

1574 (88%)

215 (12%)

153.6 (222.6)

239 (398.6)

31 (27.1)

41.9 (44.4)

2.59 (2.02 - 3.32)

5.3 (8.4)

4.5 (6.7)

7.89 (6.07 - 10.25)

126.7 (127.1)

110 (111.1)

8.28 (6.67 - 10.28)

29.3 (35)

30.2 (33.6)

7.59 (6.06 - 9.53)

2.3 (3)

6.8 (9.2)

1.18 (0.86 - 1.63)

8.7 (15.3)

24.4 (42.2)

1.36 (1.08 - 1.71)

215 (91.9%)

19 (8.8%)

176.7 (226.8)

453.7 (521.4)

29.1 (22.5)

75.8 (68.9)

1.52 (0.86 - 2.67)

6.3 (10.3)

6.8 (6.4)

10.72 (5.10 - 22.49)

168.7 (145.2)

172.8 (121.2)

10.74 (5.34 - 21.58)

31.8 (36.5)

55.2 (69)

6.36 (2.87 - 14.07)

2.8 (2.3)

4.2 (2.2)

1.23 (0.59 - 2.52)

7.7 (10.4)

20 (19.1)

1.62 (0.76 - 3.48)

N (%)

1036 (56.9%)

786 (43.1%)

Inpatient days
Hospitalizations

201.4 (381.3)

508.2 (808.3)

3.66 (2.73 - 4.91)

35.9 (33.5)

84.1 (93.4)

3.68 (3.02 - 4.48)

4.7 (6.5)

4.3 (4.6)

16.4 (13.9 - 19.4)

111 (125.1)

50.8 (76.4)

31.2 (25.6 - 37.9)

Outpatient visits

24 (30.3)

11.2 (15.9)

29.2 (23.3 - 36.6)

Home health care visits

1.9 (1.5)

6.6 (8.3)

2.01 (1.61 - 2.49)

7.9 (11.9)

28.3 (43.4)

2.22 (1.87 - 2.63)

196 (87.1%)

29 (12.9%)

109.8 (148.4)

227.1 (235.6)

0.69 (0.36 - 1.29)

26.8 (28.1)

49.8 (43.1)

0.81 (0.39 - 1.66)

5.8 (7.1)

4.9 (3.6)

7.02 (4.26 - 11.6)

165.9 (148.9)

216.1 (162.7)

6.77 (4.61 - 9.95)

35.2 (37.9)

41.2 (58.6)

7.54 (4.94 - 11.5)

Home health care visits

1.6 (1.3)

3.2 (3.9)

0.45 (0.18 - 1.16)

Durable medical equipments

4.6 (5.8)

10 (19.8)

2.64 (1.42 - 4.92)

N (%)

1398 (57.4%)

1037 (42.6%)

Inpatient days
Hospitalizations

184.2 (275.9)

253.1 (416.8)

3.00 (2.30 - 3.91)

31.1 (26)

46.7 (45.2)

3.09 (2.72 - 3.50)

3.8 (5.2)

3.2 (3.3)

5.17 (4.58 - 5.86)

114.5 (118.1)

83.1 (90)

5.87 (5.25 - 6.56)

21.6 (27.9)

18.8 (24.6)

5.32 (4.66 - 6.07)

1.7 (1.4)

2.8 (4.3

2.28 (1.85 - 2.79)

7.6 (13.6)

14.8 (21.1)

1.79 (1.54 - 2.09)

536 (81.9%)

118 (18%)

124.8 (149.1)

118.5 (121.7)

2.98 (1.86 - 4.79)

25 (14.6)

28.5 (16.4)

2.81 (2.12 - 3.71)

5.8 (7.5)

3.6 (3.6)

7.26 (5.29 - 9.96)

242.1 (192.7)

223 (150.7)

5.60 (4.56 - 6.87)

41.1 (43.9)

36.3 (36.4)

7.03 (5.43 - 9.07)

1.5 (0.9)

1.9 (2.1)

4.08 (2.63 - 6.35)

4 (5.9)

11.6 (15.1)

1.03 (0.71 - 1.50)

286 (90.8%)

29 (9.2%)

ED visits

N (%)
Inpatient days
Hospitalizations
ED visits
Physician visits
Outpatient visits
Home health care visits
Durable medical equipments
N (%)
Inpatient days
Hospitalizations
ED visits
Physician visits
Outpatient visits
Home health care visits
Durable medical equipments

Etanercept

ED visits
Physician visits

Durable medical equipments
N (%)
Inpatient days
Hospitalizations
Golimumab

ED visits
Physician visits
Outpatient visits

Infliximab

ED visits
Physician visits
Outpatient visits
Home health care visits
Durable medical equipments
N (%)
Inpatient days
Hospitalizations

Tocilizumab

ED visits
Physician visits
Outpatient visits
Home health care visits
Durable medical equipments
N (%)
Inpatient days
Hospitalizations

Tofacitinib

3.72 (2.82 - 4.92)

47.6 (47.9)

Durable medical equipments

Certolizumab

Rate of use among nonadherent vs. adherent
IRR (CI)

31.8 (30.8)

Home health care visits

Adalimumab

PDC < 80%
PDC ≥ 80%
Mean (SD)
Mean (SD)
1307 (74%)
457 (26%)
165.8 (226.9)
240.5 (439.7)

ED visits
Physician visits
Outpatient visits
Durable medical equipments

2.20 (1.55 - 3.12)

3.44 (1.64 - 7.23)

197.2 (284.9)

50 (1)

0.74 (0.32 - 1.72)

31.2 (25.5)

10 (0)

1.89 (0.92 - 3.85)

5.7 (7.3)

2.5 (1.8)

13.2 (7.51 - 23.3)

234.5 (168.4)

132.1 (74.8)

11.8 (8.33 - 16.7)

44.8 (45.8)

31.2 (25.2)

8.77 (5.23 - 14.7)

5 (7.6)

8.7 (10.7)

2.27 (1.05 - 4.90)
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