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Abstract

Background: Tumor necrosis factor inhibitors (TNFi) are common second-line treatments for rheumatoid arthritis
(RA). This study was designed to compare the real-world clinical and economic outcomes between patients with
RA who responded to TNFi therapy and those who did not.

Methods: For this retrospective cohort analysis we used medical and pharmacy claims from members of 14 large
U.S. commercial health plans represented in the HealthCore Integrated Research Database. Adult patients (aged
218 years) diagnosed with RA and initiating TNFi therapy (index date) between 1 January 2007 and 30 April 2014
were included in the study. Treatment response was assessed using a previously developed and validated
claims-based algorithm. Patients classified as treatment responders in the 12 months postindex were matched
1:1 to nonresponders on important baseline characteristics, including sex, age, index TNFi agent, and comorbidities.

The matched cohorts were then compared on their all-cause and RA-related healthcare resource use, and costs were
assessed from a payer perspective during the first, second, and third years postindex using parametric tests, regressions,
and a nonparametric bootstrap.

Results: A total of 7797 patients met the study inclusion criteria, among whom 2337 (30%) were classified as treatment
responders. The responders had significantly lower all-cause hospitalizations, emergency department visits, and
physical/occupational therapy visits than matched nonresponders during the first-year postindex. Mean total
all-cause medical costs were $5737 higher for matched nonresponders, largely driven by outpatient visits and
hospitalizations. Mean all-cause pharmacy costs (excluding costs of biologics) were $354 higher for matched
nonresponders. Mean RA-related pharmacy costs (conventional synthetic and biologic drugs), however, were
$8579 higher in the responder cohort, driven by higher adherence to their index TNFi agent (p < 0.01 for all
comparisons). A similar pattern of cost differentiation was observed over years 2 and 3 of follow-up.

Conclusions: In this real-world study we found that, compared with matched nonresponders, patients who
responded to TNFi treatments had lower all-cause medical, pharmacy, and total costs (excluding biologics) up to

3 years from initiation of TNFi therapy. These cost differences between the two cohorts provide a considerable offset
to the cost of RA medications and should encourage close monitoring of treatment response to minimize disease
progression with appropriate therapy choices.
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Background

Rheumatoid arthritis (RA) affects a relatively small sub-
set of the American population—an estimated 1.3 mil-
lion people in 2005 [1]—yet, the condition exerts an
outsize impact on total healthcare expenditures as well
as on overall quality of life, including lost productivity
and early mortality [2]. When direct, indirect, and in-
tangible costs are considered, RA annual costs have
been estimated at over $56 billion in the United
States (in 2016 U.S. dollars) [3]. Biologic therapies
contribute substantially to these costs [4] and should
be used as effectively as possible.

Achievement of clinical remission or low disease activ-
ity has been shown to reduce pain, prevent joint damage,
and preserve functional ability, and is the goal of RA
treatment [5-7]. Because the course and severity of RA
vary across patients and even for an individual patient
over time, treatment regimens should be individualized
[8]. Guidelines issued by the American College of
Rheumatology in 2015 for the treatment of RA recom-
mend initial treatment with methotrexate (MTX) for
patients with established RA, with the addition of an-
other conventional or targeted synthetic or biologic
(tumor necrosis factor inhibitors [TNFi] or non-TNFi)
disease-modifying antirheumatic drug (DMARD) if
symptoms persist at moderate or high disease activity
[5]. Treatment changes (i.e., drug addition, switch, or
dose changes) are recommended as often as every
3 months, depending on the treatment regimen being
used and the change being considered [5].

TNFi agents are often used as the first biologic therapy
after patients have an inadequate response or intolerance
to MTX [9, 10]. Researchers in a number of studies have
evaluated the treatment costs associated with treatment
response among TNFi users [11-15]. For example, one
recently published U.S. study concluded that the total
RA-associated costs in patients with treatment response
ranged from $25,086 to $36,107 per patient-year, de-
pending on the specific TNFi agent used [11]. Less is
known about cost differences between treatment re-
sponders and nonresponders, which is important for
evaluating treatment cost-effectiveness. Results of one
study suggested that patients in Canada treated with
TNFi agents and achieving low disease activity or remis-
sion were associated with lower healthcare costs than
those with persistent moderate or high disease activity;
however, drug costs were not included in this analysis
[16]. In a study using Medicare data in the United
States, researchers came to a similar conclusion but also
did not take drug costs into consideration [17].

The present study was designed to gain a better un-
derstanding of the real-world clinical and economic
outcomes between patients with RA who responded
to TNFi therapies (treatment responders) and those
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who did not (nonresponders), accounting for medical
as well as drug costs. Differences across cohorts
would highlight the importance of close monitoring
of patients with RA for appropriate treatment adjust-
ments based on their treatment response. Further-
more, this research provides important input on
medical cost offsets associated with treatment re-
sponse for future cost-effectiveness assessments. Using
a large administrative claims database, we analyzed
differences in healthcare resource utilization (HCRU)
and costs between treatment responders and nonre-
sponders, and we explored the potential for cost
savings associated with the response. Matching tech-
niques and sensitivity analysis were used to address
potential differences in characteristics between the
patient cohorts. RA treatment responders were identi-
fied using a claims-based algorithm [18]. The algo-
rithm was originally developed to measure the clinical
effectiveness of RA treatments and has acceptable
performance characteristics for identifying responders
based on validation studies using clinical outcomes
(e.g, low disease activity/remission or meaningful
change in the Disease Activity Score in 28 joints
based on erythrocyte sedimentation rate) as the gold
standard (positive predictive value 76%, 95% confi-
dence interval (CI) 71% to 81%; negative predictive
value 90%, CI 88% to 92%; sensitivity 72%, CI 67% to
77%; specificity 91%, CI 89% to 93%) [18, 19].

Methods

Data source

Data for this retrospective longitudinal cohort study
were obtained from the HealthCore Integrated Research
Database (HIRD®) during the study period of 1 January
2006 through 30 April 2015. The HIRD contains medical
and pharmacy administrative claims from approximately
41 million members of 14 commercial health plans
geographically distributed across the United States
(U.S.). Member enrollment, medical care (professional
and facility claims), outpatient prescription drug use,
outpatient laboratory test results data, and healthcare
costs may be tracked for health plan members in the
database dating back to January 2006. Comparisons of
the HIRD against U.S. Census data indicate the patient
population contained within the HIRD is mostly repre-
sentative of the general U.S. population [20]. The study
was conducted in full compliance with the relevant pro-
visions of the Health Insurance Portability and Account-
ability Act. All study data were kept anonymous to
protect patient confidentiality; researchers had access
only to a limited dataset with no patient identifiers. This
observational study was conducted under the provisions
of Privacy Rule 45 C.F.R. 164.514(e) and was exempt
from Institutional Review Board review and approval.
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Study population
Patients were included in the study if they had a medical
or pharmacy claim for a TNFi between 1 January 2007
and 30 April 2014 (study intake period). Patients had at
least 12 months of continuous health plan enrollment
before and after the first claim for a TNFi agent (the
index date); patients who died during the follow-up time
frame were therefore excluded. All patients were adults
(18 years of age or older) as of the index date and diag-
nosed with RA, identified by at least two outpatient
claims or at least one inpatient/emergency department
(ED) claim for RA (International Classification of
Diseases, Ninth Revision, Clinical Modification [ICD-9-
CM], diagnosis codes 714.0x, 714.1x, or 714.2x) at any
time during the study period. Patients were excluded if
they had a claim for any biologic agent during the 12-
month preindex period (baseline). Patients were also ex-
cluded if they had one or more claims for comorbid
psoriasis or psoriatic arthritis (ICD-9-CM code 696.xx),
ankylosing spondylitis (ICD-9-CM code 720.0x), Crohn’s
disease (ICD-9-CM code 555.xx), ulcerative colitis (ICD-
9-CM code 556.xx), or juvenile polyarthritis (ICD-9-CM
code 714.3x) at any time during the study period.
Patients were divided into two mutually exclusive co-
horts on the basis of their treatment response during the
12 months after the index date (“responders” and “non-
responders”). Patients were followed up to 3 years after
the index date. Following the criteria of the previously
published algorithm, we classified patients as treatment
responders if they met all of the following six criteria in
the 12-month postindex period: (1) an index medication
adherence rate of 80% or higher as calculated by propor-
tion of days covered, (2) no switch or addition of any
biologic (TNFi and others), (3) no addition of a new
conventional synthetic disease-modifying antirheumatic
drug (csDMARD), (4) no increase in index TNFi dose or
frequency, (5) no more than one glucocorticoid injec-
tion, and (6) no increase in dose of oral glucocorticoid
treatment [18]. The list of TNFi agents was expanded
beyond the original algorithm (which included adalimu-
mab, etanercept, and infliximab) to include all TNFi
drugs available on the market at the time of this study
(adding certolizumab pegol and golimumab).

Outcome measures

The primary study outcome measures were all-cause
and RA-related HCRU and associated costs during 1 year
after the index date. Annual HCRU and associated costs
were also reported among patients with 2- or 3-year
postindex continuous health plan enrollment. HCRU
and costs were examined for inpatient hospitalizations,
ED visits, outpatient visits, and pharmacy prescriptions
and were reported as all-cause and RA-related (defined
by all medical claims with ICD-9-CM diagnoses for RA
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and all pharmacy claims for DMARDs; DMARDs
covered under a medical benefit could not be identified
separately). Hospitalizations for joint surgeries, cardio-
vascular events, and infections were specifically identi-
fied. Outpatient visits included physician office visits,
physical/occupational therapy visits, imaging (e.g., radio-
graphs, magnetic resonance imaging), laboratory tests,
and other visit categories. Pharmacy use included overall
prescriptions filled and was also stratified by csDMARDs
and biologics. Costs represented health plan-paid
amounts and were reported per patient in 2014 U.S.
dollars [21].

Patient demographic and clinical characteristics, in-
cluding the specific index TNFi agent (adalimumab, cer-
tolizumab pegol, etanercept, golimumab, infliximab) and
specialty of the prescribing provider, RA severity based
on the claims-based index for rheumatoid arthritis se-
verity [22], and comorbidities including the Quan-
Charlson comorbidity index (QCI) [23], were collected
from the index TNFi claim or during the 12-month pre-
index baseline period.

Statistical analysis

Descriptive statistics, including means, SDs, and abso-
lute/relative frequencies were reported for continuous
and categorical variables, respectively. Patient character-
istics were statistically compared between study cohorts.
The x> test was used for categorical variables, and a ¢
test or Wilcoxon rank-sum test was used for continuous
variables, depending on the variable distributions. Statis-
tical outcomes, such as p values and Cls, were reported
without multiplicity analysis and should be interpreted
accordingly. For all statistical tests, a two-sided 5%
significance level was used.

Owing to the observational nature of the study,
Mahalanobis matching was used to control for poten-
tial differences in baseline characteristics between the
two cohorts because the association between baseline
covariates and treatment response could confound the
association between treatment response and corre-
sponding healthcare costs. A 1:1 nearest neighbor
matching algorithm with calipers (equal to 0.2 units
of the SD of the Mahalanobis distance) without re-
placement was used [24]. The matching was per-
formed on the Mahalanobis distance, a singular
summary score derived from the following baseline
characteristics: sex, age, physician specialty on index
claim, index TNFi agent, QCI, mental illness, and any
¢sDMARD use. The postmatching balance of baseline
characteristics was assessed by significance testing and as-
sessment of standardized differences of each baseline co-
variate between cohorts, where absolute standardized
differences <0.10 indicated an acceptable balance after
matching [25].
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t tests and nonparametric bootstrapping were used for
statistical comparisons of observed mean costs between
cohorts during the 1-year follow-up period [26]. Among
a subset of patients with at least 3 years of available
follow-up, a generalized linear mixed model was imple-
mented to measure the trend in cross-cohort cost differ-
ences over years 1, 2, and 3 of follow-up. This subgroup
was chosen in order to use the same patient cohorts for
cost estimation in each of the 3 years. Two mixed
models were estimated: one with indicator variables for
each of the 3 years and two cohorts (unadjusted), and
one that additionally included several baseline patient
characteristics (adjusted). Sensitivity analyses on cost dif-
ferences between responders and nonresponders were
performed using regression analysis on the matched co-
horts (“double adjustment”) as well as on the full pre-
match cohorts. Regression analysis allows adjustment for
baseline characteristics that were not balanced after
matching (in case of the matched cohorts) or not other-
wise accounted for (in case of the prematch cohorts). All
regressions used generalized linear models with log-link
and gamma distribution to adjust for cost data skewness
[27] (see Additional file 1 for further details on the
mixed model as well as the sensitivity analysis).

Results

Baseline patient characteristics

Of the 7797 patients who met the study inclusion cri-
teria, 2337 (30%) were treatment responders and 5460
(70%) were nonresponders at 12 months after the index
date (see Table 1 for details on the algorithm metrics; see
Additional file 2 for stepwise patient identification re-
sults). Prior to matching, responders and nonresponders
differed in several characteristics. For example, re-
sponders had a lower proportion of female patients (71%
vs. 77%), a lower baseline comorbidity burden (QCI 1.5
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vs. 1.7), a higher share of etanercept initiators (61% vs.
51%), and a lower share of infliximab users (11% vs.
21%), as well as lower baseline HCRU and costs (see
Additional file 3).

Each patient in the responder cohort was successfully
matched to a patient in the nonresponder cohort. Fol-
lowing the match, the two cohorts (with n = 2337 each)
were well-balanced on nearly all characteristics, includ-
ing sex, age, geographical region, index TNFi, specialty
of prescribing physician, baseline HCRU, and costs (see
Tables 2 and 3). Overall, the mean age of patients in-
cluded in the study (matched cohorts) was 52 years, and
a majority were women (71%). Etanercept was the most
commonly prescribed index TNFi (61%), followed by
adalimumab (25%) and infliximab (11%). Most prescrib-
ing providers were rheumatologists (80%). At baseline,
more than 90% of all patients had received csDMARDs,
most commonly MTX (79%).

Healthcare resource utilization during follow-up
Treatment responders had generally lower all-cause HCRU
than matched nonresponders during the 1-year follow-up
period after the index date (see Table 4). Specifically, among
treatment responders, we observed statistically significantly
lower proportions of patients with at least one visit, as well
as a lower mean number of visits per patient, in the cat-
egories of all-cause inpatient hospitalizations (mean 0.1 vs.
0.2, p<0.01), ED visits (0.1 vs. 0.3, p<0.01), and physical/
occupational therapy visits (1.6 vs. 2.3, p <0.01). The pro-
portion of patients with a hospitalization for joint replace-
ment surgery and infection was lower among responders,
but it was similar for cardiovascular events. The mean
number of overall outpatient visits was also lower among
responders (25.8 vs. 32.1, p<0.01), including office visits
with rheumatologists (3.1 vs. 3.3, p < 0.01).

Table 1 Results of the effectiveness algorithm, overall and by index medication

Total (N=7797),
n (%)

Adalimumab
(n=1899), n (%)

Criterion

Infliximab
(n=1416), n (%)

Golimumab
(n=170), n (%)

Certolizumab pegol
(n=124), n %)

Etanercept
(n=4188), n (%)

Criterion 1: PDC 20.8 for index TNFi 3362 (43.1%)

6286 (80.6%)

795 (41.9%)

Criterion 2: Patients with no biologic 1528 (80.5%)

switch or addition

Criterion 3: Patients with no addition 6705 (86.0%) 1604 (84.5%)

of a new csDMARD

Criterion 4: Patients with no increase 7019 (90.0%) 1738 (91.5%)

in index TNFi dose or frequency

Criterion 5: Patients with no more than 6483 (83.1%) 1604 (84.5%)

one glucocorticoid joint injection

Criterion 6: Patients with no increase
in dose of oral glucocorticoid

6907 (88.6%) 1702 (89.6%)

Total number of patients with
treatment response

2337 (30.0%) 586 (30.9%)

35 (28.2%)
99 (79.8%)

1721 (41.1%)
3339 (79.7%)

65 (38.2%)
133 (78.2%)

746 (52.7%)
1187 (83.8%)

103 (83.1%) 3621 (86.5%) 137 (80.6%) 1240 (87.6%)

116 (93.5%) 4151 (99.1%) 170 (100.0%) 844 (59.6%)

96 (77.4%) 3591 (85.7%) 140 (82.4%) 1052 (74.3%)

112 (90.3%) 3734 (89.2%) 152 (89.4%) 1207 (85.2%)

24 (19.4%) 1418 (33.9%) 56 (32.9%) 253 (17.9%)

Abbreviations: csDMARD Conventional synthetic disease-modifying antirheumatic drug, PDC Proportion of days covered, TNFi Tumor necrosis factor inhibitors
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Table 2 Baseline demographic and clinical characteristics (postmatching)

Responders (n =2337) Nonresponders (n = 2337) p Value® Standardized difference®

Female sex, n (%) 1655 (70.8%) 1659 (71.0%) 0.900 0.00
Age at index date, years, mean (SD) 523 (11.30) 52.0 (10.66) 0466 0.02
Geographic region, n (%)
Northeast 348 (14.9%) 327 (14.0%) 0.382 0.03
South 689 (29.5%) 609 (26.1%) 0.009 0.08
Midwest 731 (31.3%) 786 (33.6%) 0.086 0.05
West 453 (19.4%) 493 (21.1%) 0.145 0.04
Unknown 6 (5.0%) 2 (52%) 0.690 0.01
Health plan type, n (%)
HMO 590 (25.2%) 546 (23.4%) 0.133 0.04
PPO 1604 (68.6%) 1642 (70.3%) 0.228 0.04
CDHP 143 (6.1%) 149 (6.4%) 0.717 0.01
Any Medicare plan (Medicare Advantage or Medicare 182 (7.8%) 182 (7.8%) 1.000 0.00
Supplemental plus Part D), n (%)
TNFi agent on index fill, n (%)
Adalimumab 586 (25.1%) 579 (24.8%) 0813 0.01
Certolizumab pegol 24 (1.0%) 43 (1.8%) 0.019 0.07
Etanercept 1418 (60.7%) 1418 (60.7%) 1.000 0.00
Golimumab 56 (2.4%) 43 (1.8%) 0.187 0.04
Infliximab 253 (10.8%) 254 (10.9%) 0.962 0.00
Prescribing physician specialty on index TNFi claim, n (%)
Rheumatology 1872 (80.1%) 1864 (79.8%) 0.770 0.01
PCP© 35 (1.5%) 38 (1.6%) 0.723 0.01
Other 47 (2.0%) 40 (1.7%) 0.449 0.02
Unknown 383 (16.4%) 395 (16.9%) 0.637 0.01
QCl, mean (SD) 1.5 (1.03) 1.5 (0.99) 0977 0.00
CIRAS, mean (SD) 6.6 (1.73) 6.5 (1.68) 0.043 0.02
Targeted comorbidities of interest, n (%)
Chronic respiratory/pulmonary conditions 305 (13.1%) 365 (15.6%) 0.012 0.07
ovp? 197 (84%) 206 (8.83%) 0.592 0.02
Diabetes 280 (12.0%) 250 (10.7%) 0.166 0.04
Dyslipidemia 789 (33.8%) 771 (33.0%) 0577 0.02
Fibromyalgia 6 (13.5%) 392 (16.8%) 0.002 0.09
Fragility fractures (closed) 34 (1.5%) 37 (1.6%) 0.720 0.01
Gl ulcer 23 (1.0%) 26 (1.1%) 0.667 0.01
Hypertension 809 (34.6%) 880 (37.7%) 0.031 0.06
Low-back pain 461 (19.7%) 594 (25.4%) <0.001 0.14
Mental health issues 476 (20.4%) 1 (20.2%) 0.856 0.01
Osteoarthritis 892 (38.2%) 969 (41.5%) 0.021 0.07
Osteoporosis 231 (9.9%) 254 (10.9%) 0.270 0.03

Abbreviations: ACS Acute coronary syndrome, CDHP Consumer-driven health plan, CHD Coronary heart disease, CIRAS Claims-based index for
rheumatoid arthritis severity, CVD Cardiovascular disease, G/ Gastrointestinal, HMO Health maintenance organization, M/ Myocardial infarction,
PAD Peripheral arterial disease, PCP Primary care physician, PPO Preferred provider organization, QC/ Quan-Charlson comorbidity index,
TIA Transient ischemic attack, TNFi Tumor necrosis factor inhibitors

2 y? tests were used to determine statistical differences across categorical variables; t tests were used for continuous variables

b Standardized difference = difference in means or proportions divided by standard error, in absolute value

€ PCP includes family/general practice and internal medicine

4 CVD includes ACS (Ml and unstable angina), CHD with or without history of M, ischemic stroke/TIA, PAD, and ventricular arrhythmia
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Table 3 Baseline all-cause healthcare resource utilization and cost characteristics (postmatching)

Responders (n = 2337) Nonresponders (n =2337) p Value® Standardized difference®
Inpatient hospitalization, n (%) with at least one visit 197 (8.4%) 249 (10.7%) 0.010 0.08
ED encounters, n (%) with at least one visit 374 (16.0%) 418 (17.9%) 0.086 0.05
Outpatient visits, n (%) with at least one visit 2332 (99.8%) 2332 (99.8%) 1.000 0.00
Rheumatologist office visit, n (%) 1692 (72.4%) 1623 (69.4%) 0.026 0.07
Physical/occupational therapy visits, n (%) 506 (21.7%) 530 (22.7%) 0.398 0.03
Pharmacy fills, n (%) with at least one fill 2298 (98.3%) 2309 (98.8%) 0.176 0.04
Oral glucocorticoids 1579 (67.6%) 1699 (72.7%) <0.001 0.11
Antihypertensives 887 (38.0%) 974 (41.7%) 0.009 0.08
Antidiabetics 206 (8.8%) 184 (7.9%) 0.245 0.03
Antihyperlipidemics 512 (21.9%) 497 (21.3%) 0.594 0.02
Antidepressives 537 (23.0%) 643 (27.5%) <0.001 0.1
Pain medications® 1853 (79.3%) 1891 (80.9%) 0.164 0.04
Number of pharmacy fills per patient, mean (SD) 40.7 (28.11) 43.9 (30.59) <0.001 0.11
csDMARDs, n (%) with at least one fill 2135 (91.4%) 2135 (91.4%) 1.000 0.00
Hydroxychloroquine 701 (30.0%) 658 (28.2%) 0.166 0.04
Leflunomide 301 (12.9%) 322 (13.8%) 0.366 0.03
Methotrexate 1849 (79.1%) 1854 (79.3%) 0.857 0.01
Minocycline 27 (1.2%) 25 (1.1%) 0.780 0.01
Sulfasalazine 266 (11.4%) 270 (11.6%) 0.854 0.01
Total medical costs, $ per person, mean (SD) 6819 (14,807) 7730 (15,929) 0.043 0.06
Inpatient costs, $ per person, mean (SD) 1927 (10,790) 2068 (10,636) 0.653 0.01
ED costs, $ per person, mean (SD) 242 (938) 336 (1527) 0.012 0.07
Outpatient costs, $ per person, mean (SD) 4638 (7152) 5313 (9501) 0.006 0.08
Total pharmacy costs, $ per person, mean (SD) 1639 (2433) 1799 (3020) 0.046 0.06

¢csDMARD Conventional synthetic disease-modifying antirheumatic drug, ED Emergency department

2 x? tests were used to determine a statistical differences across categorical variables; t tests were used for continuous variables

b Standardized difference = difference in means or proportions divided by standard error, in absolute value

€ Pain medications include opioids, nonsteroidal anti-inflammatory drugs, and others, and exclude disease-modifying antirheumatic drugs

The proportion of patients with any prescription fills
was similar between the two cohorts. Some medication
classes (oral glucocorticoids, antihypertensives, antide-
pressants, and pain medications) had a lower proportion
of responders using them. (Use of these medications was
slightly lower among responders at baseline as well; in
all cases, the gap between the cohorts increased dur-
ing follow-up.) The cohorts also had a similar mean
number of all-cause prescription fills per patient (49.4
vs. 50.9, p=0.109). For RA-related medications, how-
ever, the responders had more prescription fills than
nonresponders overall (17.4 vs. 13.1, p<0.001), as
well as for csDMARDs and biologics separately.

Healthcare costs during follow-up

All-cause medical costs and all-cause pharmacy costs
(excluding biologics) were lower among responders
than nonresponders during the first year of follow-up
(see Table 5 and Fig. 1). Specifically, mean total medical
costs per patient were $5737 lower among responders

(p<0.01), largely driven by lower outpatient visit costs
of $3702 and lower inpatient hospitalization costs of
$1755. The majority of these medical costs (59%) were
RA-related. All-cause mean total (medical plus phar-
macy) costs (excluding biologics) were $6092 lower
among responders. A similar pattern was observed over
years 2 and 3 of follow-up (see Fig. 2).

Whereas mean total all-cause pharmacy costs (exclud-
ing biologics) were $354 lower among responders than
among nonresponders, total mean RA-related pharmacy
costs (csDMARDs and biologics) were $8579 higher for
responders during the first year of follow-up (see Table 5
and Fig. 1). Biologics accounted for the bulk of the cost
difference (mean per-patient cost $21,808 vs. $13,193,
p<0.01). The higher RA-related mean total medical
and pharmacy costs among responders were driven by
the high RA-related pharmacy costs (specifically, the
cost of biologics). However, nonresponders had higher
mean RA-related medical costs. This pattern was con-
sistent over all 3 years of follow-up (see Fig. 3).
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Table 4 All-cause healthcare resource utilization during 1-year

follow-up
Responders Nonresponders  p Value®
(n=2337), (n=2337),
n (%)/mean (SD) n (%)/Mean (SD)
Inpatient hospitalization, 149 (6.4%) 297 (12.7%) <0.001
n (%) with at least one visit
Joint replacement 29 (1.2%) 51 (2.2%) 0013
surgeries, n (%)
Infections, n (%) 27 (1.2%) 83 (3.6%) <0.001
CV events, n (%) 24 (1.0%) 25 (1.1%) 0.886
ED encounters, n (%) 278 (11.9%) 461 (19.7%) <0.001
with at least one visit
Outpatient visits, n (%) 2334 (99.9%) 2326 (99.5%) 0.032
with at least one visit
Physician office visit, n (%) 2329 (99.7%) 2324 (99.4%) 0.274
Rheumatologist office 1706 (73.0%) 1638 (70.1%) 0.027
visit, n (%)
Physical/occupational 390 (16.7%) 512 (21.9%) <0.001
therapy visits, n (%)
DME claims, n (%) 400 (17.1%) 578 (24.7%) <0.001
Imaging® claims, n (%) 1676 (71.7%) 1803 (77.2%) <0.001
Pharmacy fills, n (%) with 2330 (99.7%) 2331 (99.7%) 0.781
at least one fill
Oral glucocorticoids 1040 (44.5%) 1463 (62.6%) <0.001
Antihypertensives 919 (39.3%) 1017 (43.5%) 0.004
Antidiabetics 208 (8.9%) 201 (8.6%) 0717
Antihyperlipidemics 525 (22.5%) 524 (22.4%) 0972
Antidepressives 541 (23.1%) 700 (30.0%) <0.001
Pain medications® 1542 (66.0%) 1739 (74.4%) <0.001
Number of pharmacy fills 494 (29.44) 50.9 (33.12) 0.109
per patient, mean (SD)
csDMARDs, n (%) with at 1945 (83.2%) 1937 (82.9%) 0.755
least one fill
Hydroxychloroquine 504 (21.6%) 538 (23.0%) 0232
Leflunomide 219 (9.4%) 277 (11.9%) 0.006
Methotrexate 1607 (68.8%) 1596 (68.3%) 0.729
Minocycline 18 (0.8%) 20 (0.9%) 0.745
Sulfasalazine 152 (6.5%) 173 (7.4%) 0227
Biologics, n (%) with at 2080 (89.0%) 2088 (89.3%) 0.706
least one fill
Adalimumab 586 (25.1%) 840 (35.9%) <0.001
Certolizumab pegol 20 (0.9%) 65 (2.8%) <0.001
Etanercept 1418 (60.7%) 1512 (64.7%) 0.004
Golimumab 48 (2.1%) 98 (4.2%) <0.001
Infliximab 8 (0.3%) 14 (0.6%) 0.200
Abatacept 0 (0%) 42 (1.8%) <0.001
Anakinra 0 (0%) 3 (0.1%) 0.083
Rituximab 0 (0%) 2 (0.1%) 0.157
Tocilizumab 0 (0%) 7 (0.3%) 0.008
Tofacitinib citrate 0 (0%) 13 (0.6%) <0.001
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Table 4 All-cause healthcare resource utilization during 1-year
follow-up (Continued)

Number of csDMARD 7.8 (6.14) 7.1 (5.96) <0.001
pharmacy fills per patient,

mean (SD)

Number of biologic 9.5 (462) 6.1 (4.25) <0.001

pharmacy fills per patient,
mean (SD)

Abbreviations: ACS Acute coronary syndrome, csDMARD Conventional
synthetic disease-modifying antirheumatic drug, CV Cardiovascular,
DME Durable medical equipment, ED Emergency department, RA
Rheumatoid arthritis, TIA Transient ischemic attack

Joint replacement surgeries include knee, hip, shoulder, and other
surgeries. CV events include ACS, coronary revascularization, ischemic
stroke, and TIA

2 y? tests were used to determine statistical differences across
categorical variables; t tests were used for continuous variables

® Imaging included radiographs, magnetic resonance imaging, and
other types of imaging

¢ Pain medications include opioids, nonsteroidal anti-inflammatory
drugs, and others, and exclude disease-modifying antirheumatic drugs

Sensitivity analysis using multivariable regression
among the matched cohorts showed that nonresponders
had 22% higher all-cause pharmacy costs (excluding bio-
logics), 96% higher all-cause medical costs, and 73%
higher all-cause total costs during the first year of
follow-up, which is consistent with the descriptive re-
sults shown in Table 5. A similar sensitivity analysis re-
sult was observed using regression analysis of all-cause
medical costs in the full prematch sample (see Add-
itional file 1 for detailed results).

Results from both unadjusted and adjusted mixed
models also suggested that all-cause mean medical
and pharmacy costs (excluding biologics) increased
over time (p <0.01) in both cohorts, by approximately
24% vyear-on-year. Furthermore, compared with re-
sponders, nonresponders had higher mean costs in
every year (p<0.01). These cross-cohort differences
remained consistent over time. (The p value of the
interaction term between cohorts and time in the
generalized linear mixed model was >0.9.)

Discussion

Results of this real-world analysis indicate that patients
with RA initiating treatment with TNFi who responded to
treatment had consistently lower medical HCRU, medical
costs, and nonbiologic pharmacy costs than those who did
not respond. These findings were observed over the first
year of follow-up (during which some of the costs were re-
lated to achievement of the treatment response) as well as
over the second and third years of follow-up (the down-
stream costs of maintaining/failing to maintain treatment
response). Comprehensive matching and regression ad-
justments were performed to account for observed differ-
ences between cohorts at baseline. Robustness of the
results was confirmed by the sensitivity analysis.
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Table 5 All-cause and rheumatoid arthritis-related healthcare costs during 1-year follow-up

Healthcare costs” per patient Responders (n =2337) Nonresponders (n =2337) p Value®
Mean (SD) Median (range) Mean (SD) Median (range)

Medical, all-cause
Total medical 7581 (15,575) 2123 (0 - 301,318) 13,318 (23/433) 4238 (0 - 337,588) <0.001
Inpatient hospitalizations 1509 (9,676) 0(0-239362) 3264 (14,549) 0(0-314,:893) <0.001
Joint replacement surgeries 338 (3415) 0(0-77382) 656 (5403) 0 (0-102,929) 0016
Infections 149 (2154) 0(0-81,742) 826 (7412) 0 (0 - 225,407) <0.001
CV events 277 (6198) 0(0-239362) 464 (6482) 0(0-211,055) 0312
ED encounters 207 (962) 0 (0 - 16,039) 460 (1909) 0 (0 - 40,264) <0.001
Outpatient visits 5863 (10,666) 1922 (0 — 148,294) 9565 (15,840) 3460 (0 — 252,428) <0.001
Physician office visits 1066 (877) 863 (0 - 15,573) 1424 (1237) 1118 (0 - 13,152) <0.001
Rheumatologist office visits 304 (342) 221 (0 - 3715) 357 (455) 232 (0 - 4284) <0.001
Physical/occupational therapy 131 (534) 0 (0 - 7567) 222 (851) 0(0-14319) <0.001
DME 393 (10,188) 0 (0 - 484,558) 486 (4609) 0(0-122,724) 0.686
Imaging* 930 (2596) 210 (0 - 46,467) 1559 (3971) 350 (0 - 48,412) <0.001

Pharmacy, all-cause (excluding biologics) 1698 (2728) 903 (0 — 22,905) 2052 (3370) 1004 (0 — 41,748) <0.001

Total, all-cause (medical plus pharmacy, 9278 (16,142) 3919 (0 - 306913) 15,370 (24,447) 6599 (0 — 348,118) <0.001

excluding biologics)

Medical, RA-related 4498 (11,150) 590 (0 - 141,903) 7845 (16,300) 889 (0 - 282,902) <0.001

Pharmacy, RA-related 21,852 (9572) 23,042 (0 - 77,237) 13,273 (10,131) 12,445 (0 - 59,331) <0.001
csDMARDs 214 (376) 87 (0 - 6992) 181 (360) 64 (0 - 6649) 0.002
Biologics 21,808 (9719) 22,979 (0 - 77,220) 13,193 (10,212) 12,337 (0 - 68,752) <0.001

Total, RA-related (medical and pharmacy) 26,350 (10,196) 24,668 (191 — 142,091) 21,118 (16,725) 18,716 (0 — 285,900) <0.001

Total, all-cause (medical plus pharmacy, 31,087 (15,556) 28,268 (2017 - 332,724) 28,563 (24,600) 23,701 (0 - 350,986) <0.001

including biologics)

Abbreviations: csDMARD Conventional synthetic disease-modifying antirheumatic drug, CV Cardiovascular, DME Durable medical equipment, ED Emergency

department, RA Rheumatoid arthritis
2 Plan-paid costs in 2014 U.S. dollars, assessed over the first year postindex

by tests were used to determine statistical differences across categorical variables; t tests were used for continuous variables. In addition, a nonparametric
bootstrap was used to calculate a second set of p values for comparisons of key mean cost metrics; these p values were similar to the ones derived from the

t tests. The table therefore reports the t test p values

¢ Imaging included radiographs, magnetic resonance imaging, and other types of imaging

The algorithm for treatment response required high
adherence to the index TNFj, resulting in higher biologic
therapy pharmacy costs in responders, which was ob-
served in all 3 years. The reductions in medical costs
may be considered as the cost offset for this investment,
particularly in years 2 and 3 of the analysis. Compared
with nonresponders, RA-related mean pharmacy costs
were $8579 higher among responders, whereas all-cause
mean medical and pharmacy costs (excluding biologics)
were $6092 lower, achieving a cost offset of 71%. Our re-
sults do not necessarily reflect rebates and discounts on
medications that payers may receive from manufac-
turers. Such discounts would be expected to increase the
value of the cost offset and potentially be cost-saving
overall. At a 30% discount, for example, biologics would
be cost-saving, and the total costs in the responder co-
hort would be less than those in the nonresponder co-
hort. In the future, perhaps newer therapies and the

availability of biosimilars might make this magnitude of
discounting attainable in some settings. Our analysis also
considered all TNFi therapies in the aggregate; estimat-
ing cost differences across responders and nonre-
sponders specific to each TNFi may be a valuable target
for future research.

From a payer perspective, biologic therapy acquisition
costs and effective use are crucial elements in the suc-
cessful management of care for these patients. Quantita-
tive information about the cost savings associated with
treatment response, as described in our study, allows
informed decision-making on the part of payers. For ex-
ample, there may be patients who initiate a new drug
and are kept on it despite little progress, with the ther-
apy eventually failing. For such nonresponders with high
adherence (accounting for 1025 patients [19%] among
the 5460 nonresponders identified in our study), re-
sources may be used more efficiently in other ways, and
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Fig. 1 Cost differences between responders and nonresponders during 1 year follow-up (n = 2337 per cohort). All-cause medical costs include all
costs related to inpatient and outpatient visits, such as office visits and laboratory testing. All-cause pharmacy costs include all costs related to
outpatient pharmacy fills, with the exception of fills for biologic drugs (defined as abatacept, adalimumab, anakinra, certolizumab pegol, etanercept,
golimumab, infliximab, rituximab, tocilizumab, and tofacitinib citrate). Rheumatoid arthritis (RA)-related medical costs include all costs
related to inpatient and outpatient visits, such as office visits and laboratory testing, with International Classification of Diseases, Ninth
Revision, Clinical Modification, codes for RA noted on the claims. RA-related pharmacy costs include all costs related to outpatient pharmacy fills for
conventional synthetic disease-modifying antirheumatic drugs and biologics

our study provides an estimate of the cost savings asso-  existing treatments are titrated with little clinical benefit
ciated with response. Similar opportunities for cost or cost savings as compared with switching. Health plans
savings may exist in situations where patients do not re- may consider aligning their preauthorization processes in
spond well to their initial treatment and are switched to a  such a way as to facilitate switching across different bio-
different treatment, but not in a timely manner, or where  logic therapies to accelerate patients’ getting a treatment

All-cause costs (excluding biologics)
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Fig. 2 All-cause total healthcare costs (excluding biologics) during 1, 2, and 3 years of follow-up (n =542 per cohort). Costs are derived from a matched
sample of patients with =3 years of continuous health plan enrollment from the index date (n = 542 per cohort). p values are derived from t tests
comparing mean costs across cohorts within each year. Medical costs include all costs related to inpatient and outpatient visits, such as office visits and
laboratory testing. Pharmacy costs include all costs related to outpatient pharmacy fills, with the exception of fills for biologic drugs (defined as abatacept,
adalimumab, anakinra, certolizumab pegol, etanercept, golimumab, infliximab, rituximab, tocilizumab, and tofacitinib citrate)
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Fig. 3 Rheumatoid arthritis (RA)-related total healthcare costs during 1, 2, and 3 years of follow-up (n=542). Costs are derived from a matched
sample of patients with 23 years of continuous health plan enrollment from the index date (n=542 per cohort). p values are derived
from t tests comparing mean costs across cohorts within each year. Medical costs include all costs related to inpatient and outpatient
visits, such as office visits and laboratory testing, with International Classification of Diseases, Ninth Revision, Clinical Modification, codes

modifying antirheumatic drugs and biologics

for RA noted on the claims. Pharmacy costs include all costs related to outpatient pharmacy fills for conventional synthetic disease-

to which they respond. From a physician’s perspective, our
study findings also reinforce the benefits of close monitor-
ing of patients’ treatment responses and demonstrate the
potential costs of clinical inertia.

Mean medical costs increased over the 3 years of
follow-up in both cohorts, possibly owing to disease pro-
gression over time. At the same time, pharmacy cost-
s—particularly for biologics—decreased slightly during
the follow-up period, perhaps partly because of treat-
ment discontinuation. It is important to note that the
study sample used for the 3-year analysis included only
those patients who had continuous health plan enroll-
ment for at least 3 years. Costs may have been different
for these patients than for those who switched to differ-
ent types of health plans. Furthermore, patients who
were initially responding may have had no response in
later years (and vice versa), because the algorithm was
implemented only in the first year after TNFi initiation.

Our findings add to previous claims-based research using
the same validated algorithm to evaluate treatment effect-
iveness. The results produced by using the algorithm in the
HIRD are consistent with results in other datasets; that is,
approximately 30% of patients initiating biologics respond
adequately to the treatment [12-14, 18, 19]. Although
this proportion may appear low, it is consistent with an
American College of Rheumatology 50% improvement
metric rate in an MTX- or TNF-inadequate response
population participating in large RA clinical trials [28].

Most previous studies have been focused on assessing
the costs of specific biologic therapies among responding
patients rather than on comparing them with nonre-
sponders. For example, two algorithm-based analyses of
patients responding to TNFi therapy concluded that
etanercept, which was also the most commonly used
medication in our study, had the lowest disease-related
medical plus pharmacy cost per patient-year in response
[11], as well as the lowest average cost per effectively
treated patient [14]. In a separate study of drug costs over
1 year in responders, researchers found that the highest
effectiveness rates were among patients using etanercept
and adalimumab, and that subcutaneous TNFi agents
were more effective and less costly than intravenous bio-
logics [15]. This may be due to the high costs associated
with potential dose escalation of an intravenous therapy
such as infliximab. Researchers in two studies compared
economic outcomes across responders and nonre-
sponders. In a Canadian study assessing response by dis-
ease activity measures, Barnabe and colleagues showed
economic benefits for patients achieving remission or low
disease activity with TNFi treatment, although drug costs
were not included in their study [16]. A similar finding
was reported by authors of a recent analysis linking lower
RA disease activity to reduced medical costs in a Medicare
population [17]. Our study extends these results by ac-
counting for DMARD costs, looking at trends over time,
and using a large, real-world U.S. patient population.
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Our results nevertheless should be interpreted in light
of some limitations. The algorithm used for assessing re-
sponse did not originally include certolizumab pegol and
golimumab. It also has not been validated in the HIRD;
however, it has been validated in another similar claims
database and used in several others [12, 13, 15, 19].
Patients’ discontinuation was the primary factor in defin-
ing treatment nonresponse; however, patients might dis-
continue a therapy for nonclinical reasons as well, such
as financial burden. All patients were members of a large
U.S. commercial health plan, and the results may not be
generalizable to patients with other types of insurance or
to those living outside the U.S. Although not fully
generalizable, comparisons of the HIRD against U.S.
Census data indicate the patient population contained
within the HIRD is mostly representative of the general
U.S. population. There are some differences with respect
to geographic regions and age profiles; for example, the
HIRD overrepresents ages between 30 and 64 years and
underrepresents ages 65+ years [20]. Costs were ob-
tained from one health plan and may not represent costs
incurred by other health plans, nor may they reflect pur-
chasing discounts or rebates. Biologic drugs adminis-
tered under the plan’s medical benefit are not
consistently identifiable in the claims; our reported drug
costs are focused on treatments administered under the
pharmacy benefit and may underestimate the full bio-
logic cost burden. Our analysis included patients who
initiated TNFi agents between 2007 and 2014, with ap-
proximately 53% of patients initiating between 2010 and
2014. RA treatment patterns are rapidly evolving, and
our results are limited to observed patterns during this
time frame. Last, use of claims data limits the ability to
assess certain risk factors (e.g., weight, RA disease sever-
ity) that may influence treatment response and costs.

Conclusions

Findings derived from this real-world analysis suggest
that patients with treatment response, compared to pa-
tients without response, had lower all-cause medical,
pharmacy, and total costs (excluding biologics) over up
to 3 years from initiation of TNFi therapy. Responders
also had lower RA-related medical and overall HCRU
and costs. However, RA-related pharmacy costs among
responders were higher than among nonresponders,
owing to higher adherence to the index biologic therapy.
Findings derived from our trend analysis further suggest
that the increased costs among nonresponders were
consistent over time and that the differences across
cohorts remained unchanged. Differences in HCRU and
medical costs between the two cohorts represent an off-
set to the cost of RA treatment and should encourage
close monitoring of treatment response to minimize
disease progression with appropriate therapy choices.

Page 11 of 12

Future researchers may consider examining the pres-
ence of such cost offsets for other RA treatments
(e.g., non-TNFi biologics). Health plan decision-
making may also be improved when taking treatment
response based on available claims data into account,
and facilitating switching, especially in light of the
forthcoming biosimilar medications, where cost will
be a driving consideration.

Additional files

Additional file 1: Supplementary information on methods and
regression results. (DOCX 26 kb)

Additional file 2: Patient identification results. (DOCX 15 kb)

Additional file 3: Patient characteristics and baseline HCRU/costs before
matching. (DOCX 21 kb)

Abbreviations

ACS: Acute coronary syndrome; CDHP: Consumer-driven health plan;
CHD: Coronary heart disease; CIRAS: Claims-based index for rheumatoid
arthritis severity; csDMARD: Conventional synthetic disease-modifying an-
tirheumatic drug; CV: Cardiovascular; CVD: Cardiovascular disease;
DMARD: Disease-modifying antirheumatic drug; DME: Durable medical
equipment; ED: Emergency department; Gl: Gastrointestinal; HCRU: Healthcare
resource utilization; HIRD: HealthCore Integrated Research Database;
HMO: Health maintenance organization; ICD-9-CM: International
Classification of Diseases, Ninth Revision, Clinical Modification;

MI: Myocardial infarction; MTX: Methotrexate; PAD: Peripheral arterial
disease; PCP: Primary care physician; PDC: Proportion of days covered;
PPO: Preferred provider organization; QCl: Quan-Charlson comorbidity
index; RA: Rheumatoid arthritis; TIA: Transient ischemic attack;

TNFi: Tumor necrosis factor inhibitors

Acknowledgements
Cheryl Jones, an employee of HealthCore, provided writing and other
editorial support for this manuscript.

Funding

Funding for this study was provided to HealthCore, Inc., by Eli Lilly &
Company. The sponsor was involved in the study design as well as
analysis and interpretation of the data, and provided critical review of
the manuscript.

Availability of data and materials

The data that support the findings of this study are available from
HealthCore, but restrictions apply to the availability of these data to
external sources, and therefore they are not publicly available. Data
may be made available by the corresponding author upon reasonable
request and with permission of HealthCore.

Authors’ contributions

MG contributed to the design of the study; collected, analyzed, and interpreted
the data; and drafted the manuscript. NNB contributed to the design of the
study; analyzed and interpreted the data; and provided critical revisions of the
manuscript. QH collected, analyzed, and interpreted the data and provided
critical revisions of the manuscript. XZ contributed to the design of the study,
analyzed and interpreted the data, and provided critical revisions of the
manuscript. TY analyzed and interpreted the data and provided critical revisions
of the manuscript. JRC contributed to the design of the study, interpreted the
data, and provided critical revisions of the manuscript. All authors read and
approved the final manuscript.

Competing interests

NNB and XZ are employees of Eli Lilly & Company. MG and QH are
employees of HealthCore, Inc, which received funding from Eli Lilly &
Company for the conduct of this study. TY is an employee of Phar


dx.doi.org/10.1186/s13075-017-1293-1
dx.doi.org/10.1186/s13075-017-1293-1
dx.doi.org/10.1186/s13075-017-1293-1

Grabner et al. Arthritis Research & Therapy (2017) 19:92

LLC and was employed by HealthCore, Inc, at the time the study was
conducted and completed. JRC is a consultant to Eli Lilly & Company.
No nonfinancial conflicts of interest exist for any of the authors.

Consent for publication
Not applicable.

Ethics approval and consent to participate

Ethics approval was not required. HealthCore's federal government-wide
assurance requires ethics review only for federally funded studies.
Throughout this study, researchers’ access was limited to data removed
of all identifiers to ensure confidentiality. No study subjects were
contacted, and informed consent was not obtained. An institutional
review board did not review the study, because only data in the format
of a limited dataset was accessed and HealthCore maintains data use
agreements with the covered entities in compliance with the Health
Insurance Portability and Accountability Act of 1996.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Author details

"HealthCore, Inc, 123 Justison Street, Suite 200, Wilmington, DE 19801, USA.
2Elj Lilly & Company, Indianapolis, IN, USA. *Phar LLC, Beverly Hills, CA, USA.
“Division of Clinical Immunology and Rheumatology, University of Alabama
at Birmingham School of Medicine, Birmingham, AL, USA.

Received: 5 October 2016 Accepted: 7 April 2017
Published online: 15 May 2017

References

1. Helmick CG, Felson DT, Lawrence RC, Gabriel S, Hirsch R, Kwoh CK; et al.
Estimates of the prevalence of arthritis and other rheumatic conditions in
the United States: part 1. Arthritis Rheum. 2008;58(1):15-25.

2. Kvien TK. Epidemiology and burden of illness of rheumatoid arthritis.
Pharmacoeconomics. 2004;22(2 Suppl 1):1-12.

3. Birnbaum H, Pike C, Kaufman R, Marynchenko M, Kidolezi Y, Cifaldi M.
Societal cost of rheumatoid arthritis patients in the US. Curr Med Res Opin.
2010;26(1):77-90.

4. Howe A, Eyck LT, Dulfour R, Shah N, Harrison DJ. Treatment patterns and
annual drug costs of biologic therapies across indications from the Humana
commercial database. J Manag Care Pharm. 2014,20(12):1236-44.

5. Singh JA, Saag KG, Bridges Jr SL, Akl EA, Bannuru RR, Sullivan MC, et al. 2015
American College of Rheumatology guideline for the treatment of
rheumatoid arthritis. Arthritis Care Res (Hoboken). 2016;68(1):1-25.

6. Smolen JS, Breedveld FC, Burmester GR, Bykerk VP, Dougados M, Emery P, et al.
Treating rheumatoid arthritis to target: 2014 update of the recommendations
of an international task force. Ann Rheum Dis. 2016;75(1):3-15.

7. Smolen JS, Landewé R, Breedveld FC, Buch M, Burmester G, Dougados M, et
al. EULAR recommendations for the management of rheumatoid arthritis
with synthetic and biological disease-modifying antirheumatic drugs: 20 13
update. Ann Rheum Dis. 2014;73(3):492-509.

8. Barton JL. Patient preferences and satisfaction in the treatment of
rheumatoid arthritis with biologic therapy. Patient Prefer Adherence.
2009;3:335-44.

9. Favalli EG, Biggioggero M, Marchesoni A, Meroni PL. Survival on treatment
with second-line biologic therapy: a cohort study comparing cycling and
swap strategies. Rheumatology. 2014;53(9):1664-8.

10. Ramiro S, Landewé R, van der Heijde D, Harrison D, Collier D, Michaud K.
Discontinuation rates of biologics in patients with rheumatoid arthritis: are TNF
inhibitors different from non-TNF inhibitors? RMD Open. 2015;1(1), e000155.

11. Bonafede M, Johnson BH, Princic N, Shah N, Harrison DJ. Cost per patient-
year in response using a claims-based algorithm for the 2 years following
biologic initiation in patients with rheumatoid arthritis. J Med Econ. 2015;
18(5):376-89.

12. Curtis JR, Schabert VF, Harrison DJ, Yeaw J, Korn JR, Quach C, et al.
Estimating effectiveness and cost of biologics for rheumatoid arthritis:
application of a validated algorithm to commercial insurance claims.

Clin Ther. 2014;36(7):996-1004.

20.

22.

23.

24.

25.

26.

27.

28.

Page 12 of 12

Curtis JR, Schabert VF, Yeaw J, Korn JR, Quach C, Harrison DJ, et al. Use of a
validated algorithm to estimate the annual cost of effective biologic
treatment for rheumatoid arthritis. J Med Econ. 2014;17(8):555-66.

Gu T, Shah N, Deshpande G, Tang DH, Eisenberg DF, Harrison DJ. Biologic
cost per effectively treated rheumatoid arthritis patient in a large managed
care population: a retrospective cohort study. JHEOR. 2015;3(2):122-31.

Wu N, Bhurke S, Shah N, Harrison DJ. Application of a validated algorithm
to estimate the effectiveness and cost of biologics for rheumatoid arthritis
in the US pharmacy benefit manager context. Clinicoecon Outcomes Res.
2015;7:257-66.

Barnabe C, Thanh NX, Ohinmaa A, Homik J, Barr SG, Martin L, et al.
Healthcare service utilisation costs are reduced when rheumatoid arthritis
patients achieve sustained remission. Ann Rheum Dis. 2013;72(10):1664-8.
Curtis JR, Chen L, Kilgore M, Yun H, Greenberg JD. The clinical and
economic costs of not achieving remission in rheumatoid arthritis [abstract].
Arthritis Rheumatol. 2015;67 Suppl 10:3818-9.

Curtis JR, Baddley JW, Yang S, Patkar N, Chen L, Delzell E, et al. Derivation
and preliminary validation of an administrative claims-based algorithm for
the effectiveness of medications for rheumatoid arthritis. Arthritis Res Ther.
2011;13(5):R155.

Curtis JR, Chastek B, Becker L, Harrison DJ, Collier D, Yun H, et al. Further
evaluation of a claims-based algorithm to determine the effectiveness of
biologics for rheumatoid arthritis using commercial claims data. Arthritis Res
Ther. 2013;15(2):404.

Wasser T, Wu B, Ycas JW, Tunceli O. Applying weighting methodologies to
a commercial database to project US Census demographic data. Am J
Accountable Care. 2015;3(3):33-8.

U.S. Department of Labor, Bureau of Labor Statistics. Consumer Price Index.
http://www.bls.gov/cpi/home.htm. Accessed 20 Apr 2017.

Ting G, Schneeweiss S, Scranton R, Katz JN, Weinblatt ME, Young M, et al.
Development of a health care utilisation data-based index for rheumatoid
arthritis severity: a preliminary study. Arthritis Res Ther. 2008;10(4):R95.
Quan H, Sundararajan V, Halfon P, Fong A, Burnand B, Luthi JC, et al. Coding
algorithms for defining comorbidities in ICD-9-CM and ICD-10
administrative data. Med Care. 2005;43(11):1130-9.

Stuart EA. Matching methods for causal inference: a review and a look
forward. Stat Sci. 2010;25(1):1-21.

Austin PC, Mamdani MM. A comparison of propensity score methods: a
case-study estimating the effectiveness of post-AMI statin use. Stat Med.
2006;25(12):2084-106.

Barber JA, Thompson SG. Analysis of cost data in randomized trials: an
application of the non-parametric bootstrap. Stat Med. 2000;19(23):3216-36.
Moran JL, Solomon PJ, Peisach AR, Martin J. New models for old questions:
generalized linear models for cost prediction. J Eval Clin Pract. 2007;13(3):381-9.
Singh JA, Hossain A, Tanjong Ghogomu E, Kotb A, Christensen R, Mudano
A, et al. Biologics or tofacitinib for rheumatoid arthritis in incomplete
responders to methotrexate or other traditional disease-modifying anti-
rheumatic drugs: a systematic review and network meta-analysis. Cochrane
Database Syst Rev. 2016;5, CD012183.

Submit your next manuscript to BioMed Central
and we will help you at every step:

* We accept pre-submission inquiries

e Our selector tool helps you to find the most relevant journal

* We provide round the clock customer support

e Convenient online submission

e Thorough peer review

e Inclusion in PubMed and all major indexing services

e Maximum visibility for your research

Submit your manuscript at

www.biomedcentral.com/submit () BiolMed Central



http://www.bls.gov/cpi/home.htm

	Abstract
	Background
	Methods
	Results
	Conclusions

	Background
	Methods
	Data source
	Study population
	Outcome measures
	Statistical analysis

	Results
	Baseline patient characteristics
	Healthcare resource utilization during follow-up
	Healthcare costs during follow-up

	Discussion
	Conclusions
	Additional files
	Abbreviations
	Acknowledgements
	Funding
	Availability of data and materials
	Authors’ contributions
	Competing interests
	Consent for publication
	Ethics approval and consent to participate
	Publisher’s Note
	Author details
	References

