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WHAT IS ALREADY KNOWN ABOUT

The US Medicare programme collects data on
medical diagnoses, procedures, hospitaliza-
tions, costs, mortality and the use of prescrip-
tion for older and disabled patients, who are

this data source for evaluating the effective-
ness of specific DMARDs for patients with rheu-
matoid arthritis is the lack of detailed clinical
information, such as disease activity. A novel,
claims-based clinical effectiveness algorithm
provides the potential to compare the effec-
tiveness of different biologics among this pop-

WHAT THIS STUDY ADDS
We evaluated the real world effectiveness of
biologic DMARDs in Medicare RA patients
using a previously validated claims-based al-
gorithm and found that users of abatacept,
adalimumub and etanercept were associated
with higher effectiveness compared with
users of infliximab, these associations were
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THIS SUBJECT

AIMS
Older and disabled rheumatoid arthritis (RA) patients are often not
present in large numbers in clinical trials or registries. A novel,
claims-based clinical effectiveness algorithm provides the potential to
compare the effectiveness of different biologics among this population
using large administrative databases.
not present in large numbers in clinical trials

or registries. One potential obstacle to using

METHOD
Using Medicare 2006–2010 data for 100% of patients with RA, we
identified biologic naïve users of abatacept, adalimumab, etanercept
and infliximab, defined as no biologic use during the 12months before
the biologic initiation. The effectiveness was evaluated at 365 days
after biologic initiation, determined using a validated claims-based
algorithm. We compared the proportion meeting effectiveness criteria
for each biologic using robust Poisson regression to compute risk ratios
(RRs) adjusted for potential confounders. One year cost per effectively
treated patient was calculated by different biologics.
ulation using large administrative databases.
RESULTS
The study included biologic naïve users of abatacept (n = 2129),
adalimumab (n= 2944), etanercept (n= 3517) and infliximab (n= 5654).
The algorithm classified the medications as 26% effective for
abatacept, 24% for adalimumab, 28% for etanercept and 23% for
infliximab, indicating comparable effectiveness. However, after
adjustment and compared with infliximab, the RRs for effectiveness
were 1.17 (95% CI 1.06, 1.30) for abatacept, 1.11 (95% CI 1.02, 1.23) for
adalimumab and 1.27 (95% CI 1.17, 1.39) for etanercept. Older patients
had a higher effectiveness than patients who were disabled (RR = 1.18,
95% CI 1.08, 1.28). Infliximab had highest cost per effectively treated
patient.
stronger when the analyses were limited to
l / 80:6 / 1447–1457 / 1447



disabled patients and 1 year cost per effectively
treated patient was lower for etanercept,
adalimumab and abatacept than for infliximab.

based algorithm in comparative effectiveness
research.

H. Yun et al.
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CONCLUSION
Abatacept, adalimumab and etanercept are more effective than infliximab
among RA patients initiating biologics. Effectiveness was significantly higher
among older patients compared with disabled RA Medicare patients.
This study supports further use of the claims-
Introduction

Rheumatoid arthritis (RA) is a chronic disease affecting two
million adults in the United States and can substantially im-
pair physical functioning. Treatment of RA aims to control
pain and slow the progression of joint destruction and
disability [1, 2]. In the treatment of RA, guidelines have
changed significantly since the first biologic disease-
modifying antirheumatic drugs (DMARDs) targeting tu-
mour necrosis factor (anti-TNF) were approved by the Food
and Drug Administration (FDA) [3]. First line RA biologic
treatments include anti-TNF therapies (e.g. etanercept,
adalimumab, infliximab) and newer biologics with different
mechanisms of action such as abatacept [4]. Achieving a
better understanding of the comparative effectiveness of
these biologic treatments for patients with RA has been
identified as one of the top national priorities recom-
mended by the Institute of Medicine in 2009 [5].

Clinical trials and observational studies using registries
or administrative data are commonly used approaches for
developing evidence for comparative effectiveness
research (CER). However, current CER for comparing the
effectiveness of biologic DMARDs among RA patients is
scant. To date, only a few head-to-head RCTs have been
conducted that have compared one biologic DMARD
directly with another to determine effectiveness [6–8],
and these trial results rarely reflect the availability and
effectiveness of medical therapies used in routine medical
practice, particularly for those older and disabled patients.
Observational studies have been small in size, have
yielded mixed results and provided very limited direct
evidence regarding the effectiveness and cost differences
associated with different biologics [4, 9–11].

The US Medicare programme collects data on medical
diagnoses, procedures, hospitalizations, costs, mortality
and the use of prescription medications [12, 26], thus,
providing enormous potential for CER. One potential
obstacle to using this data source for evaluating the
effectiveness of specific DMARDs for RA is the lack of
detailed clinical information, such as disease activity.
Recently, a claims-based algorithm was developed and
validated to serve as a proxy for clinical improvement in
RA [3, 26], using a linkage between claims data and a
large observational registry of RA patients. The gold
standard for assessing the validity of the claims-based
algorithm was low disease activity (DAS28ESR ≤3.2) or a
meaningful improvement in DAS28ESR by >1.2 units.
This gold standard, the DAS28ESR score, is used as an
outcome in many clinical trials of RA therapies. Com-
pared with the clinical gold standard, the algorithm’s
sensitivity (0.75, 95% confidence interval (CI) 0.62, 0.86),
specificity (0.90, 95% CI 0.84, 0.94), positive predictive
value (0.75, 95% CI 0.62, 0.86), and negative predictive
value (0.90, 95% CI 0.84, 0.94) for biologic users were in
the range of 75% to 90% [26]. Thus, the current study used
the claims-based algorithm to evaluate the effectiveness
of etanercept, adalimumab, infliximab and abatacept in
Medicare patients with RA. We also estimated the costs
per biologic responder, taking a payer perspective to
estimate costs to the Medicare programme.
Methods

Study design and eligible population
We conducted a retrospective cohort study using Medi-
care claims data from 2006–2010 for 100% of RA benefi-
ciaries. The data included the Medicare patient
enrolment file, inpatient (Part A) and outpatient medical
care (Part B) claims and prescription drug claims (Part D).
These files provided patients’ demographic information
and their claims for inpatient, outpatient, skilled nursing
facility, non-institutional provider, home health and
hospice care, for durable medical equipment services
and for prescription drugs. This study was approved by
a Data Use Agreement from the Centers for Medicare
and Medicaid system (CMS) and the Institutional Review
Board of the University of Alabama at Birmingham (UAB).

We identified RA patients using the International Clas-
sification of Diseases, Ninth Revision, Clinical Modifica-
tion codes (ICD9-9-CM). Eligible patients had at least
two RA ICD9-9-CM diagnosis codes (714.x) from rheuma-
tologist visits that were separated by greater than 7 days
but occurred within 365 days of each other, or they had
one ICD-9-CM code for RA from a rheumatologist visit,
followed by a prescription for, or an infusion of, metho-
trexate, leflunomide, sulfasalazine, hydroxychloroquine,
an anti-TNF or non-anti TNF biologic approved for RA.
Among RA beneficiaries, we identified biologic naïve
users of etanercept, adalimumab, infliximab and
abatacept during the study period. Naïve users of a par-
ticular drug were defined as having therapy initiated
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after a baseline period of 12months, during which there
was no prescription for or infusion of any biologic agent.
All individuals in this cohort study were required to have
continuous enrolment in fee-for-service Medicare parts
A, B and D, and not be in a Medicare Advantage plan, in
the 12 month baseline period and for 365 days after the
start of follow-up. We excluded patients who had a
diagnosis of psoriatic arthritis, psoriasis, ankylosing
spondylitis or inflammatory bowel disease during the
12 month baseline period. The earliest date for initiation
of etanercept, adalimumab, infliximab or abatacept ther-
apy was January 1 2007. The initiation date was defined
as the ‘index date’. With this design, each patient contrib-
uted one observation to the analysis, classified according
to the first biologic initiated.

Main exposures
We identified biologic naïve users of etanercept,
adalimumab, infliximab and abatacept using Healthcare
Common Procedures Coding System (HCPCS) J codes
and pharmacy records that included national drug code
(NDC) codes, drug name and days supplied.

Outcomes
The outcome of interest was effectiveness as of the
end of the 365 day follow-up period, as determined by
the claims-based effectiveness algorithm applied to
Medicare data [26]. The effectiveness algorithm required
six criteria to be met: 1) no switching to a different bio-
logic, 2) high adherence to the index biologic, 3) no addi-
tion of a new non-biologic DMARD that the patient had
not been on in the 6months prior to the index date, 4)
no biologic dose increase compared with the starting dose,
5) for patients not using oral glucocorticoids during the
6months prior to the index date, they cannot receive
more than 30days of oral glucocorticoids during follow-
up. For patients using glucocorticoids during the 6months
prior to the index date, the cumulative glucocorticoid
dose in the second 6months of follow-up must be similar
to the cumulative dose in the 6months prior to the index
date ( maximum 120% of initial dose ) and 6) nomore than
one joint injection on a unique day after the patient had
been receiving the new treatment for more than
3months. Each of the components was treated as dichot-
omous. For treatment to be classified as effective, patients
must have satisfied all conditions.

Potential confounders
From Medicare patient enrolment files, we defined each
patient’s gender, race, region and age on the index date.
We identified the patient’s disability status based upon
their original reason for Medicare enrolment. From claims
in the 12months preceding the index date, we deter-
mined if the patient had low socio-economic status and
if the patient was a nursing home resident. Low socio-
economic status was defined as receipt of a low income
subsidy or Medicaid eligibility during the baseline period.
Nursing home residents were identified using a validated
algorithm with high sensitivity and specificity [13]. To con-
trol better for patients’ RA activity and disease severity
during baseline, we used baseline period claims data on
diagnoses of RA related conditions (e.g. orthopaedic
surgery, baseline infection related hospitalization and
rheumatoid factor laboratory test), outpatient infections
and on use of narcotics, antibiotics and RA medications
(e.g. glucocorticoids,methotrexate, leflunomide, sulfasalazine
and hydroxychloroquine). Glucocorticoid doses were
calculated as prednisone equivalents (categorized as none,
≤7.5mg day–1 and >7.5mg day–1). We further determined
each patient’s use of health services during the baseline
period, including non-infection related hospitalization,
ambulatory physician visits, number of outpatients visits
and other comorbidities (chronic obstructive pulmonary
disease (COPD), diabetes, cerebrovascular disease, peptic
ulcer disease, prior fractures, hypertension, heart failure,
acute myocardial infarction, liver disease, cancer, depres-
sive illness), and calendar year of biologic initiation.

Statistical analysis
Patient demographic and baseline characteristics were
compared among the four cohorts of biologic users
using means and SDs for continuous variables and
percentages for categorical variables. Using infliximab
as the reference group, we calculated the standardized
mean differences (SMD) between groups for each
variable. SMD with a value of <0.1 were considered as
unimportant [14]. For each biologic cohort, we estimated
the incidence proportion for effectiveness as the number
of patients who met all six effectiveness criteria during
the 365 day follow-up period, divided by the total
number of patients in the specific cohort.

Poisson regression models with robust parameters
were used to obtain crude and adjusted risk ratios (RRs)
for effectiveness of different biologic agents with
infliximab used as referent. Multivariable adjustment
included all potential confounders. We conducted
subgroup analyses stratified according to patient disabil-
ity status, low socio-economic status and baseline
glucocorticoid dosage categories (none, <=7.5mg day–1

and >7.5mg day–1). Because the effectiveness algorithm
used in the current study did not require a rheumatologist
visit during follow-up (as did the original validation study,
in order to assess the clinical outcome), we also
conducted a sensitivity analysis by restricting each
biologic cohort to patients who had 14months of
follow-up and had an outpatient rheumatologist visit at
any time during follow-up months 10 and 14. To evaluate
the potential effect of unmeasured confounding, such as
baseline disease activity, on the comparative effective-
ness, we conducted an additional rule-out sensitivity
analysis [15]. To evaluate further the robustness of our
results, abatacept vs. infliximab was used as an example
Br J Clin Pharmacol / 80:6 / 1449
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because of their smallest and largest sample sizes in the
current study. Based on the distribution of the clinical
disease activity index (CDAI) reported in a previous study
[4], we assumed the prevalence of high disease activity
(Pc) (vs. moderate or lower) among biologic naïve users
is 0.20. Since there were 2129 and 5654 abatacept and
infliximab naïve users, respectively, we assumed the
prevalence of drug exposure was 0.27 (Pe) in the sensitiv-
ity analysis. According to these assumptions, we evalu-
ated the set of conditions that unmeasured disease
activity would make the current significant association
back to null. Finally we calculated the average 1 year
treatment cost of therapy with each biologic by summing
the amounts paid by Medicare and amounts paid by pa-
tients for all medical and pharmacy claims for that agent.
The mean cost of each intravenous biologic also included
infusion-related procedure costs. Cost per effectively
treated patient was calculated as the total cost of the
index biologic divided by the number of patients
classified as effectively treated by that biologic,
according to the claims-based algorithm. All costs were
converted to constant 2010 dollars using the health care
inflation rate. All analyses were conducted using SAS
version 9.3 (SAS Institute, Cary, North Carolina, USA).
Results

From the total population of Medicare patients with auto-
immune disease during 2006–2010, we identified 579 474
RA patients with at least two RA diagnosis codes from
rheumatologists or one diagnosis code followed by a pre-
scription or infusion of a biologic or DMARD (Figure 1).
After excluding patients who never took biologics and
prevalent biologic users, we identified 168 274 new qual-
ifying biologic users who had not taken any biologics in
the prior 12months. After further excluding patients
who did not have continuous full Medicare fee-for-service
coverage (enrolled in Medicare Part A and Part B, but not
in a Medicare advantage plan) and Part D pharmacy cov-
erage during the 12months before and 365days after
the index date, and patients who had diagnosis of psoria-
sis, psoriasis arthritis, inflammatory bowel disease or
ankylosing spondylitis during baseline, the final cohort
was reduced to 14244 patients and included naïve biologic
users of abatacept (n=2129), adalimumab (n=2944),
etanercept (n=3517) and infliximab (n=5654).

Baseline characteristics of the four biologic cohorts are
shown in Table 1. Compared with users of adalimumab
and etanercept, abatacept and infliximab users were more
likely to be White, older but non-disabled, and have higher
incomes. The cohorts were similar with respect to RA
related conditions, health services utilization including
baseline non-infection related hospitalizations and baseline
ambulatory physician visits, comorbidities (including
diabetes, liver disease, dementia and renal disease), and
1450 / 80:6 / Br J Clin Pharmacol
other medications (including average glucocorticoid dose,
narcotics, antibiotics and anti-depressive medications
during baseline). Histories of coronary heart disease (CHD),
heart failure and/or peripheral vascular disorder were more
common among abatacept users than for other cohorts.

The algorithm classified the medication as effective for
26% of abatacept users, 24% of adalimumab users, 28% of
etanercept users and 23% of infliximab users (Table 2). For
users of abatacept, adalimumab and etanercept, the most
common reason for failing the effectiveness algorithm
was low adherence to the index medications, whereas
for users of infliximab, the most common reason for failure
was dose escalation during follow-up. The percentages of
patients who failed other criteria of the algorithm were
very similar across biologic cohorts.

After adjusting for potential confounders and com-
pared with infliximab, abatacept (RR 1.17, 95% CI 1.06,
1.29), adalimumab (RR 1.11, 95% CI 1.01, 1.21) and
etanercept (RR 1.26, 95% CI 1.16, 1.37) exhibited elevated
relative benefit for effectiveness (Table 3). The effective-
ness of biologics was greater among non-disabled
persons compared with disabled patients (RR 18, 95% CI
1.08, 1.28). Effectiveness of biologics was greater among
patients who were on infusions compared with subcuta-
neous self-injected biologics (RR 1.26, 95% CI 1.15, 1.39)
(Table 3). Factors associated with lower effectiveness in-
cluded being African-American or of other race/ethnicity
groups, residency in a nursing home, and use of antide-
pressants, narcotics and/or glucocorticoids greater than
7.5mg day–1 during baseline.

The adjusted risk ratios of biologic effectiveness in
subgroup and sensitivity analyses stratified by patients’
initial Medicare entitlements are presented in Figure 2.
Among non-disabled patients, etanercept had the
highest effectiveness. Among patients who received
Medicare benefit due to disability, etanercept had the
highest effectiveness with greater estimated risk ratio.
The risk ratios of effectiveness for abatacept, etanercept
and adalimumab were greater compared with the main
analysis. The result of the rule-out sensitivity analysis is
shown in the Supplementary Figure S1. We found out
that the association between drug use and high disease
activity (OREC) or the association between high disease
activity and effectiveness (RRCD) must be very strong to
move the adjusted exposure relative risk to null. As it is
very unlikely for OREC to be greater than 2 and RRCD to
be greater than 3, our results are robust in most cases.

The average 1 year treatment costs per patient were
similar for the four different biologic cohorts (Table 4). Af-
ter considering administration costs and the proportion
of effectiveness for patients, the 1 year total cost per
patient categorized as effectively treated (in descending
order) was $62 666 for infliximab, $55 096 for abatacept,
$51, 436 for adalimumab and $45 910 for etanercept.
Comparative effectiveness of these biologic DMARDs
from the sensitivity analysis restricting patients to those



Figure 1
Flowchart for cohort selection. nB, number of beneficiaries; nE, number of episodes (biologic naïve users defined as no biologic use during the 12 months
before biologic initiation; PsO, psoriasis; PsA, psoriatic arthritis; IBD, inflammatory bowel disease; AS, ankylosing spondylitis

The comparative effectiveness of biologics in Medicare RA patients
who had rheumatologist visits at approximately 1 year
yielded similar results (Supplementary Table S1).
Discussion

We evaluated the real world effectiveness of biologic
DMARDs in Medicare RA patients using a recently
published claims-based effectiveness algorithm. The algo-
rithm classified these biologics as effective for 26% of
abatacept, 24% of adalimumab, 28% of etanercept and
23% of infliximab users, respectively. Compared with users
of infliximab and with multiple variables adjustment, users
of abatacept, adalimumub and etanercept were associ-
ated with higher effectiveness. Among disabled patients,
etanercept users were associated with 48% higher effec-
tiveness compared with infliximab users. Among patients
who used glucocorticoid greater than 7.5mg day–1 during
baseline, abatacept use was associated with 37% higher
effectiveness compared with infliximab use.

A few head-to-head RCTs have produced evidence for
CER among RA patients [16]. For example, the AMPLE
Br J Clin Pharmacol / 80:6 / 1451



Table 1
Distribution of biologic naïve users by selected baseline characteristics among rheumatoid arthritis patients in US Medicare population

Abatacept Adalimumab Etanercept Infliximab

Total population 2129 SMD 2944 SMD 3517 SMD 5654

Demographic covariates:

Age*, years (SD) 69.9 (11.2) 0.06 63.0 (12.9) 0.55 63.7 (13.0) 0.48 69.3 (10.1)

Female, % 83.5 0.11 83.0 0.08 82.5 0.07 79.8

Race, %

White 82.3 0.05 72.3 0.30 76.3 0.21 84.5

Black 9.4 0.01 17.3 0.23 13.1 0.11 9.6

Other 8.3 0.08 10.4 0.16 10.6 0.17 5.9

Urban, % 75.2 0.10 68.2 0.08 71.3 0.03 70.0

Receipt of lower income subsidy, % 23.8 0.07 49.7 0.82 46.2 0.68 22.7

Nursing home/community dwelling 5.1 0.02 4.4 0.03 5.2 0.01 5.1

Original reason for Medicare entitlement, %

Old age and survivors insurance 72.6 0.16 50.1 0.57 55.1 0.45 77.9

Disabled or ESRD 27.4 0.16 49.9 0.56 44.9 0.43 22.1

RA related conditions, %

Orthopaedic surgery 8.8 0.01 7.8 0.10 8.7 0.03 9.1

Baseline infection related hospitalization 10.3 0.14 9.0 0.06 9.7 0.13 8.1

Any rheumatoid factor laboratory test 47.0 0.22 50.8 0.09 52.0 0.07 55.4

Health service utilization, %

Baseline non-infection related hospitalization 27.7 0.14 24.4 0.01 27.8 0.07 24.7

Ambulatory physician visit during baseline* 21.2 (13.3) 0.16 18.9 (12.8) 0.04 19.9 (13.8) 0.04 19.4 (12.0)

Comorbidity covariates, %

Chronic pulmonary disease (COPD) 20.3 0.05 22.0 0.11 23.1 0.16 19.1

Diabetes 21.1 0.05 23.5 0.19 22.1 0.12 19.6

Diabetes with chronic complications 4.1 0.09 4.2 0.11 4.0 0.09 3.1

Cerebrovascular disease 5.8 0.11 4.5 0.04 4.9 <0.01 4.9

Prior fractures 8.5 0.13 6.4 0.04 8.1 0.10 6.8

Hypertension 56.7 0.06 50.2 0.07 51.2 0.06 53.6

Heart failure 9.0 0.26 5.5 <0.01 6.7 0.09 5.5

Acute myocardial infarction 3.1 0.08 2.1 0.06 2.8 0.03 2.6

Cancer 6.3 0.04 3.5 0.17 5.1 0.02 5.4

Other medication use, %

Narcotic use (%), 76.5 0.18 76.8 0.19 77.6 0.23 72.6

Average glucocorticoid use

None 40.0 0.06 39.1 0.06 37.8 0.03 36.3

<7.5 mg day
–1

44.8 0.04 45.4 0.04 44.8 0.05 47.4

> = 7.5 mg day
–1

15.2 0.03 15.6 0.02 17.4 0.03 16.4

Antibiotic 74.2 0.07 72.6 0.03 73.6 0.05 71.2

Anti-depressive medication 38.1 0.12 43.3 0.32 42.3 0.28 35.5

*All factors measured during baseline and displayed as column %, except age and ambulatory physician visit during baseline expressed as mean (SD). ESRD, end-stage
renal disease.

H. Yun et al.
(Abatacept vs. Adalimumab comparison in Biologic Naïve
Subjects with Background Methotrexate) study compared
the efficacy and safety of 646 subcutaneous abatacept vs.
adalimumab users, with background methotrexate and
reported that the ACR20 response rates were 64.8% for
abatacept and 63.4% for adalimumab, indicating that
abatacept was non-inferior to adalimumab [6]. Among 325
participants of the ADACTA (ADAlimumab and ACTemrA)
trial, tocilizumab was superior to adalimumab in the change
1452 / 80:6 / Br J Clin Pharmacol
in DAS28 (–3.3 vs. –1.8, P<0.001) [8]. However, these results
reflect only a small number of RA patients who were
enrolled in a clinical trial, yielding potential imitations due
to small sample size and multiple exclusion criteria that
would limit generalizability to real-world settings.

Several observational studies have been published
that directly compared the effectiveness of biologics
with one another [4, 17–19]. Of 119 RA patients treated
with anti-TNF drugs, a study conducted in Spain



Table 2
Components of the effectiveness algorithm† for adalimumab, etanercept, infliximab and abatacept at 1 year*

Abatacept Adalimumab Etanercept Infliximab

Total number of patients 2129 2944 3517 5654

Satisfied all six effectiveness criteria, % 26 24 28 23

No switch to a different biologic 89 86 84 88

High adherence to the index drug 54 52 55 73

No addition of a new non-biologic DMARD 88 89 89 89

No biologic dose increase compared with starting dose 92 95 99 65

For patients not using glucocorticoids at baseline, no initiation of glucocorticoids;
for patients using glucocorticoids at baseline, no increase in dose

87 85 88 86

No more than one joint injection on unique days after the 3 months of new treatments 85 89 90 88

*assessed between the first exposure date and 365 days after the drug initiation. DMARD = disease-modifying antirheumatic drug

The comparative effectiveness of biologics in Medicare RA patients
demonstrated no significant differences among users of
etanercept, adalimumab and infliximab [20]. Similarly,
no differences were observed in drug response or remis-
sion among 2242 biologic naïve users or switchers of
etanercept, adalimumab and infliximab in the consor-
tium of Rheumatology Researchers of North America
(CORRONA) registry [4]. In contrast, using the nationwide
Danish Biologic (DANBIO) registry of RA patients receiv-
ing routine care [11] and the Dutch Rheumatoid Arthritis
Monitoring (DREAM) registry [21], studies found that
compared with infliximab, both adalimumab and
etanercept were associated with higher odds of treat-
ment response. Because these RA patient registries have
small sample sizes, incomplete data on comorbidities
and other medications, their generalizability has been
limited [3]. The current study used a large administrative
claims database and classified these biologics as effec-
tive for 26% users of abatacept, 24% of adalimumab,
28% of etanercept and 23% of infliximab users. Without
adjustment, the effectiveness of these treatments is
broadly comparable. However, after adjustment, we
found that abatacept, etanercept and adalimumab users
had higher effectiveness than users of infliximab. These
findings, being consistent with DANBIO and DREAM
studies, provide valuable information to study CER of
rheumatoid disease therapies. Furthermore, the cost
per effectively treated patient has important cost differ-
ences yields infliximab and other biologic groups.

Findings from the present study suggest that medica-
tion effectiveness for RA patients was higher among
older, non-disabled patients compared with disabled pa-
tients. Although studies have shown that older age was a
negative predictor of a clinical response, our study found
that disabled patients were less likely to respond, regard-
less of their age. Our study revealed that patients who
were of a non-White race/ethnicity, a nursing home resi-
dent, or a user of antidepressants, narcotics or high dose
glucocorticoids were less likely to respond to biologic
DMARDs. These results were consistent with previous
studies that documented that disability, low functional
status and concomitant glucocorticoid use were
inversely associated with clinical response [11, 22]. The
possible explanation for these results could be that
patients residing in long term nursing homes were
more likely to be disabled and have difficulty function-
ing in their daily lives. Hence, being a nursing home
resident could stand for unmeasured confounders or
multimorbidities. The significant inverse association
between taking antidepressants or narcotics and effec-
tiveness may be explained because these medications
could serve as markers for comorbidities involving
chronic pain or mood disorders [22], and RA patients
with depression or other chronic pain syndromes may
not be perceived to improve as much as patients with
RA who do not have these conditions.

This analysis investigated the cost implications of
these variations in effective biologic use. The first year
drug cost for biologic treatment among rheumatoid
arthritis patients was between $12 800 and $13 600.
However, after considering the estimates of effectiveness
per the claims-based algorithm for each biologic, cost
per patient categorized as effectively treated ranged
from $45 910 (etanercept) to $62 666 (infliximab). Nearly
35% of the patients in this cohort had their infliximab
dose increased in the 12 month post-index period.
Several previous studies have also reported that dose
escalation or more frequent administration is common
with infliximab use in clinical practice [23–25]. The high
adherence criterion failed other biologic in this analysis
by approximately 50% of the patients in the 12 month
follow-up period. The cost differences were amplified in
the comparison of cost per effectively treated patient in
this analysis, particularly for infliximab with higher cost
and lower effectiveness compared with other biologics.
Given the relatively comparable effectiveness between
biologics, two factors accounted for appreciable variabil-
ity in differences in costs. These two factors are the
potential for some but not all drugs to be dose-escalated
Br J Clin Pharmacol / 80:6 / 1453



Table 3
Crude and adjusted risk ratio for medication effectiveness using robust Poisson analysis

Crude Adjusted

Baseline biologic use RR 95% CI RR 95% CI

Abatacept 1.13 1.02, 1.25 1.17 1.06, 1.30

Adalimumab 1.05 0.95, 1.14 1.11 1.02, 1.23

Etanercept 1.19 1.09, 1.29 1.27 1.17, 1.39

Infliximab Ref Ref

Demographic covariates

Aged vs. Disabled 1.18 1.10, 1.27 1.18 1.08, 1.28

Male vs. Female 1.10 1.02, 1.20 1.07 0.98, 1.16

Black vs White 0.88 0.79, 0.98 0.89 0.80, 0.99

Other vs. White 0.79 0.69, 0.90 0.77 0.68, 0.88

Receipt of higher income subsidy vs. receipt of lower or no income subsidy 1.08 1.00, 1.15 0.95 0.87, 1.04

Rural vs. urban 1.03 0.96, 1.10 1.00 0.94, 1.09

Nursing home vs. community dwelling 0.60 0.47, 0.72 0.67 0.55, 0.81

Calendar year

2008 vs. 2007 1.02 0.94, 1.10 1.02 0.94, 1.10

2009 vs. 2007 1.02 0.94, 1.11 1.06 0.96, 1.16

RA related conditions

Orthopaedic surgery 0.88 0.78, 0.99 1.04 0.91, 1.18

Intra-articular injection

Baseline infection related hospitalization 0.78 0.69, 0.88 1.03 0.88, 1.19

Any rheumatoid factor laboratory test 0.89 0.84, 0.95 0.94 0.88, 1.01

Health Service utilization:

Baseline non-infection related hospitalization 0.80 0.74, 0.87 0.97 0.87, 1.08

Ambulatory physician visit during baseline 0.99 0.98, 0.99 0.99 0.98, 0.99

Comorbidity covariates

Chronic pulmonary disease (COPD) 0.82 0.75, 0.89 0.93 0.85, 1.02

Diabetes 0.89 0.82, 0.97 0.99 0.90, 1.08

Diabetes with complications 0.74 0.61, 0.90 0.88 0.71, 1.09

Cerebrovascular disease 1.02 0.87, 1.18 1.14 0.98, 1.34

Prior fractures 0.90 0.79, 1.03 1.05 0.91, 1.20

Hypertension 0.93 0.97, 0.99 1.02 0.95, 1.09

Heart failure 0.83 0.72, 0.96 1.00 0.86, 1.17

Acute myocardial infarction 0.86 0.69, 1.07 1.03 0.82, 1.30

Cancer 1.03 0.89 1.06 0.91, 1.23

Other medication use

Narcotic use (%), 0.73 0.68, 0.78 0.82 0.76, 0.88

Average glucocorticoid use

<7.5 mg day
–1

vs. none 0.87 0.81, 0.93 1.00 0.91, 1.10

>7.5 mg day
–1

vs. none 0.91 0.82, 1.00 0.90 0.84, 0.97

Antibiotic 0.85 0.79, 0.91 0.97 0.90, 1.05

Antidepressants 0.78 0.73, 0.84 0.88 0.82, 0.94
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(e.g. infliximab) and infusion-related administration
costs. Elimination of these two factors would likely re-
duce much of the differences between drugs in the costs
per effectively-treated patients. However, there is a
preferential coverage benefit to patients for infused
drugs (rather than subcutaneously injected drugs) in
the Medicare programme.

There are several strengths in the current study in-
cluding the use of the large Medicare national RA
1454 / 80:6 / Br J Clin Pharmacol
database providing a high degree of generalizability to
US adults≥65 years of age and disabled patients. Addi-
tional strengths include CER using administrative data
with large sample size, high validity and completeness
of prescription drug and low cost. Furthermore, this
validated algorithm had high sensitivity, specificity and
positive predictive values and related to actionable
interventions that clinicians use (e.g. increase glucocorti-
coid dose, add non-biologic DMARDs) to improve



Figure 2
Sensitivity analyses of various subgroup analyses examining effectiveness of biologic treatments referent to infliximab among Medicare enrollees with
rheumatoid arthritis

Table 4
Mean cost related to the index biologic among patients with rheumatoid arthritis

Abatacept Adalimumab Etanercept Infliximab

Parameter (n = 2129) (n = 2944) (n = 3517) (n = 5654)

Index biologic cost*

Mean 13 506 12 859 12 855 13 573

SD 7120 8286 7636 11 128

Administration cost†

Mean 1371 N/A N/A 1467

SD 926 1382

Total cost

Mean 14 876 12 859 12 855 15 040

SD 7699 8286 7636 11 939

Effectively treated patients‡

n (%) 574 (27%) 726 (25%) 989 (28%) 1346 (24%)

Cost per effectively treated patient

Mean 55 096 51 436 45 910 62 666

*Costs are rounded and adjusted to 2010 dollar in the table for clarity. †Subcutaneous agents have no administration cost because they are self-administered. ‡Patients who did
not fail any of the six algorithm criteria throughout the 12 month post-index period.

The comparative effectiveness of biologics in Medicare RA patients
treatment efficacy. However, the results from the current
analysis should be interpreted in the context of known
and potential limitations. The algorithm has been
validated in a Veteran’s Administration (VA) population
[26] and in a commercially insured population [27], but
not specifically in a Medicare RA population. Although
Br J Clin Pharmacol / 80:6 / 1455
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the algorithm does not directly include pain, an impor-
tant determinant of the patient’s perception of RA
disease activity, use or dose change of glucocorticoids
in the algorithms account for the management of pain
and flares associated with the inflammation. Addition-
ally, we required patients to have full Medicare coverage
through the 12months baseline and follow-up. The
results of this study may not be generalizable to patients
whose follow-up time was less than 1 year. Finally, we
relied on pharmacy fill data to identify our main exposure,
but patients do not necessarily take drugs as prescribed.

In conclusion, we evaluated the real world effective-
ness of biologic DMARDs in Medicare RA patients using
a previously validated claims-based algorithm. We found
that compared with the use of infliximab, use of
abatacept, adalimumab and etanercept was associated
with higher effectiveness. These associations were stron-
ger when the analyses were limited to disabled patients.
We also found that 1 year cost per effectively treated
patient was lower for etanercept, adalimumab and
abatacept than for infliximab. This study supports further
use of the claims-based algorithm in CER.
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