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Abstract

Objectives:

To estimate biologic cost per effectively treated patient with rheumatoid arthritis (RA) using a claims-based

algorithm for effectiveness.

Methods:

Patients with RA aged 18–63 years in the IMS PharMetrics Plus database were categorized as effectively

treated if they met all six criteria: (1) a medication possession ratio �80% (subcutaneous) or at least as

many infusions as specified in US labeling (intravenous); (2) no biologic dose increase; (3) no biologic switch;

(4) no new non-biologic disease-modifying anti-rheumatic drug; (5) no new or increased oral glucocorticoid;

and (6) �1 glucocorticoid injection. Biologic cost per effectively treated patient was defined as total cost of

the index biologic (drug plus intravenous administration) divided by the number of patients categorized by

the algorithm as effectively treated. Similar methods were used for the index biologic in the second year and

for a second biologic after a switch.

Results:

Rates that the index biologic was categorized as effective in the first year were 31.0% etanercept (2243/

7247), 28.6% adalimumab (1426/4991), 28.6% abatacept (332/1160), 27.2% golimumab (71/261), and

20.2% infliximab (474/2352). Mean biologic cost per effectively treated patient, per the algorithm, was

$50,141 etanercept, $53,386 golimumab, $56,942 adalimumab, $73,516 abatacept, and $114,089

infliximab. Biologic cost per effectively treated patient, using this algorithm, was lower for patients who

continued the index biologic in the second year and higher after switching.

Conclusions:

When a claims-based algorithm was applied to a large commercial claims database, etanercept was

categorized as the most effective and had the lowest estimated 1-year biologic cost per effectively

treated patient. This proxy for effectiveness from claims databases was validated against a clinical

effectiveness scale, but analyses of the second year or the year after a biologic switch were not included

in the validation. Costs of other medications were not included in cost calculations.

Introduction

Guidelines published in 2012 by the American College of Rheumatology
(ACR) for the treatment of rheumatoid arthritis (RA) recommend synthetic
disease-modifying anti-rheumatic drugs (DMARDs)—such as hydroxychloro-
quine, leflunomide, methotrexate, and sulfasalazine—for patients with early
RA, low disease activity, and an absence of poor prognostic features, as well as
for patients with early RA, moderate or high disease activity, and poor
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prognostic features1,2. ACR recommendations also suggest
a more aggressive approach to inhibit the progression of
joint damage and other complications from RA that may
develop soon after diagnosis1,3. This approach may include
treatment with biologics, which are designed to inhibit
specific components of the immune system that play a
role in inflammation3.

Biologics approved by the US Food and Drug
Administration (FDA) for first-line treatment of moder-
ate-to-severe RA (in conjunction with or after the use of
non-biologic DMARDs) include tumor necrosis factor
(TNF) blockers—adalimumab, certolizumab pegol, eta-
nercept, golimumab (in combination with methotrexate),
and infliximab (in combination with methotrexate)—as
well as the non-TNF blockers abatacept and tocilizumab.
Adalimumab, etanercept, and infliximab are the
most commonly used biologic therapies for RA4,5. After
3 months (or an adequate trial) of first-line treatment, if
the patient has moderate or high disease activity related
to lack of response or loss of benefit from the treatment,
switching to another biologic is recommended2.
Subsequent biologic treatment (for patients who have
had an inadequate response to one or more TNF blockers)
may involve either another biologic that is approved
in first-line treatment or a biologic that is only approved
in second-line treatment, such as rituximab (in combin-
ation with methotrexate) or anakinra.

The comparative cost-effectiveness of biologics has
important implications for patients, clinicians, and
payers, but individual studies typically evaluate either
cost or effectiveness, not both. Head-to-head randomized
clinical studies have been conducted to compare two or
three biologics, but these studies did not consider cost
and are limited in generalizability to patients who
meet eligibility criteria for enrollment in such trials6–12.
Observational head-to-head studies have reported
comparable effectiveness between the TNF blockers in
clinical practice, but differences in utilization or the
total cost of care13,14. Several other cost comparisons
of biologics have been done, but they did not evaluate
treatment effectiveness4,5,15–24.

Retrospective analysis of commercial claims databases
makes it possible to assess and compare numerous avail-
able biologics simultaneously. Historically, the primary
limitation of these data was the lack of RA disease activity
measures—the gold standard for clinical effectiveness in
RA—to assess treatment effectiveness. A claims-based
effectiveness algorithm was developed and validated in
the US veteran population enrolled in the Veterans
Affairs Rheumatoid Arthritis (VARA) registry25. A
separate study confirmed the utility of the algorithm in
a commercial claims database as well26.

This study used the validated algorithm to estimate the
effectiveness of biologic therapies among commercially
insured patients with RA. The study also explored biologic

costs overall and biologic costs per effectively treated
patient according to the algorithm. Because RA is a
chronic condition that requires continuous treatment,
comparative effectiveness research is needed not only
for first-line biologic treatment, but also when patients
continue the initial biologic treatment beyond the first
year or switch to a second biologic treatment in the first
year. Clinical guidelines for RA treatment do not specify
how a second biologic treatment should be selected when
the first biologic treatment is considered ineffective. Thus,
the study included examinations of the costs and estimated
effectiveness separately for the first year of index biologic
treatment, continuing a biologic classified as effective
in the first year into the second, and switching to a
second biologic treatment in the first year.

Patients and methods

Objective

The objective of this study was to implement the claims-
based algorithm in a US managed-care claims database
to estimate the effectiveness of biologics indicated in the
first-line treatment of moderate-to-severe RA, and
to assess biologic costs per effectively treated patient
according to this algorithm. Secondary objectives were
to assess the apparent effectiveness and biologic cost
per effectively treated patient among patients who contin-
ued their index biologic treatment in the second year
and those who switched to a second biologic treatment
in the first year.

Data source

Data were obtained from the aggregated IMS PharMetrics
Plus Database of adjudicated health plan claims for over
150 million unique enrollees from 2006 to the present.
More than 50% of these enrollees have full medical and
pharmacy benefit coverage. The PharMetrics Plus popula-
tion primarily consists of commercially insured individuals
across all geographical regions and therapy areas and
multiple payers. Patients in PharMetrics Plus have been
treated by a majority of providers (90% of hospitals, 80% of
physicians) in the US.

Diagnoses and procedures (primary and secondary) in
every case setting are captured and coded to US claims
standards (International Classification of Diseases, Ninth
Revision, Clinical Modification [ICD-9-CM] Current
Procedural Terminology [CPT-4] and Healthcare
Common Procedure Coding System [HCPCS]). Drug
treatments are captured by filled prescriptions (National
Drug Code [NDC] and Generic Product Identification
[GPI] coded) and administered in a medical setting
(HCPCS coded). Financial information includes amounts
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allowed and paid by health plans. High-level benefit
design variables (e.g., health plan type, payer type) are
available to address their effect on resource utilization
and costs. Patient demographics are reported as recorded
on claims and enrollment records. PharMetrics Plus is
designed to follow patients over the course of years;
health plan enrollment start and stop dates are avail-
able and are incorporated in all longitudinal analyses.
All data are compliant with the Health Insurance
Portability and Accountability Act (HIPAA) to protect
patient privacy.

Cohort selection

The population included adults diagnosed with RA who
had at least one claim between January 1, 2007, and
December 31, 2010, for a biologic that was approved for
first-line treatment of RA (abatacept, adalimumab, certo-
lizumab pegol, etanercept, golimumab, or infliximab).
To identify patients who were new to biologic treatment,
patients were excluded if during the previous 6 months
they had received any biologic agent indicated for treat-
ment of RA (abatacept, adalimumab, anakinra, certolizu-
mab pegol, etanercept, golimumab, infliximab, rituximab,
or tocilizumab). During the period covered in this analysis,
tocilizumab and rituximab were indicated for use in
patients with RA only as second-line biologic treatment;
more recently, tocilizumab was approved for first-line
biologic treatment in RA.

The index pharmacy claim was defined as the first claim
for a study medication, and the index date was defined
as the date of that claim. Patients were required to be
between ages 18–63 years (inclusive) on the index date
to ensure that they had at least 1 full year of subsequent
coverage in the commercial insurance plan before they
turned age 65 and were eligible for Medicare coverage.
Patients were required to be continuously enrolled in the
commercial insurance plan with medical and pharmacy
benefits for the 6-month ‘pre-index’ period and the
12-month ‘post-index’ period. They were required to
have at least one diagnosis of RA (ICD-9-CM code
714.0x) in any position on medical claims during the
pre-index period or up to 30 days after the index date.

Patients were excluded if in the pre-index period or up
to 30 days after the index date they had a diagnosis (ICD-
9-CM code) for another condition for which any of these
agents was approved: plaque psoriasis (696.1x), psoriatic
arthritis (696.0x), ankylosing spondylitis (720.0x), juven-
ile idiopathic arthritis (714.3x), Crohn’s disease (555.xx),
ulcerative colitis (556.xx), non-Hodgkin’s lymphoma
(200.xx, 202.xx), or chronic lymphocytic leukemia
(204.1x). Patients were excluded if they had a claim for
any biologic prior to its FDA approval date in RA, claims
for more than one biologic on the index date, a medical

claim (with a J-code) for a self-administered subcutaneous
injection (because the duration of the claim could not be
determined and, thus, treatment adherence could not
be evaluated), or a pharmacy claim (with an NDC code)
for a physician-administered intravenous (IV) infusion
(because the infusion date could not be determined).
Certolizumab pegol was originally considered for the ana-
lysis, but was not included due to inadequate sample size
(n¼ 138;51% of patients who satisfied all other criteria
for inclusion in the analysis; see Table 1).

Patient age was derived from year of birth and year of
index date. Sex, payer type, and plan type were obtained
directly from the database. The Dartmouth-Manitoba
adaptation27 of the Charlson Comorbidity Index was
used, measured in the 6-month pre-index period.
RA-related costs in the 6-month pre-index period
included the sum of all allowed amounts on claim services
where an RA diagnosis was present.

Consistent with HIPAA requirements, identifying
information was removed from patient records to maintain
confidentiality; thus, approval of an Institutional Review
Board was not required.

Effectiveness in the first year, as assessed by
claims-based algorithm

Clinical effectiveness was assessed as a dichotomous
variable. For the index biologic to be categorized as effect-
ive, a patient who received that index biologic was
required to meet all of the following six criteria during a
1-year follow-up period:
(1) High adherence to index biologic:

(a) A medication possession ratio (MPR) of 80%
or greater for a self-administered biologic (ada-
limumab, etanercept, or golimumab), where
MPR¼ total days’ supply dispensed7 365.

(b) Sufficient infusions for an intravenously
administered biologic corresponding to its
expected dosing schedule based on US pre-
scribing information (abatacept �14 infu-
sions, or infliximab �7 infusions).

(2) No increase in biologic dose compared to the starting
dose, as follows:

(a) Abatacept: difference of �100 mg between
ending and starting dose.

(b) Adalimumab: dose escalation to 40 mg once
weekly.

(c) Etanercept: dose escalation to 50 mg twice
weekly.

(d) Golimumab: difference of �25 mg/week
between ending and starting dose.

(e) Infliximab: difference of �100 mg between
ending and starting dose or 4120% of the
number of infusions expected.
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(3) No switch to a different biologic.
(4) No initiation of a new non-biologic DMARD (hydro-

xychloroquine, leflunomide, methotrexate, or sulfa-
salazine) that the patient was not already taking
during the 6-month pre-index period.

(5) No new or increased oral glucocorticoid treatment, as
follows:

(a) No more than 30-day supply (cumulative) of a
new oral glucocorticoid at least 90 days after
the index date (for those with no oral gluco-
corticoid claims during the 6-month pre-index
period).

(b) No increase by �20% in cumulative oral
glucocorticoid dose at months 7–12 relative
to the 6-month pre-index period (for those
with any oral glucocorticoid claim during
the pre-index period); if a patient switched
to a different oral glucocorticoid, doses were
converted to prednisone equivalents for com-
parison, using an established conversion
chart28.

(6) Parenteral or intra-articular glucocorticoid injections
on no more than 1 unique day after the patient had
been on biologic treatment for at least 90 days.

The index biologic was categorized as ‘effective’ if a
patient met all of the six criteria and ‘not effective’ if a
patient did not meet all of the criteria.

Effectiveness in the second year, as assessed by
claims-based algorithm

Patients who satisfied the effectiveness algorithm in the
first year and had continuous health-plan enrollment for
2 years after the index date were analyzed for effectiveness
in the second year. The claims-based algorithm was
applied to data from day 366 to day 730 after the index
date, with the following changes to the algorithm (criteria
3, 4, and 5b were not changed):
� The number of days’ supply remaining from the

original post-index period that continued into
the new post-index period was included for MPR of
subcutaneous biologics in criterion 1a;

� The acceptable number of infusions for criterion 1b
was 11–16 for abatacept and 5–8 for infliximab,
based on the dosing schedule from the US prescribing
information;

� The first dose from the original post-index period was
used to evaluate dose increases for patients receiving
IV medications in criterion 2;

� Criterion 5a included a new oral glucocorticoid that
was initiated at any time during the second year, since
the patient had already been taking the index biologic
for �1 year; and

� Criterion 6 included glucocorticoid injections
at any time during the second year, since the

Table 1. Attrition of study sample.

Attrition reason Index biologic: 1st year Index biologic: 2nd year Second biologic

(n¼ 221,589) (n¼ 3820) (n¼ 2505)

Excluded Remaining Excluded Remaining Excluded Remaining

Two or more different biologics on index date 34 221,555 1 3819 0 2505
Not continuously enrolled 180 days pre-index 81,181 140,374 0 3819 0 2505
No diagnosis of RA* 88,928 51,446 0 3819 0 2505
Other biologic indication*,y 6128 45,318 71 3748 78 2427
Receipt of any biologic pre-index 15,955 29,363 0 3748 0 2427
Not continuously enrolled 365 days post-index 6001 23,362 1631 2117 844 1583
Age518 years 40 23,322 0 2117 0 1583
Age � 64 years 3378 19,944 55 2062 12 1571
Missing/incorrect demographics 761 19,183 3 2059 0 1571
Off-label use of drug 0 19,183 0 2059 0 1571
Medical claim for SC or pharmacy claim for IV biologic 788 18,395 9 2050 42 1529
Proprietary imputation of days’ supply, quantity, etc 1509 16,886 51 1999 90 1439
Receipt of rituximab or tocilizumab as index biologic 737 16,149 0 1999 114 1325
Receipt of certolizumab as index biologic 138 16,011 0 1999 22 1303
Patients available for analysis 16,011 1999 1303

Abatacept 1160 156 196
Adalimumab 4991 620 527
Etanercept 7247 994 318
Golimumab 261 0 60
Infliximab 2352 229 202

IV, intravenous; RA, rheumatoid arthritis; SC, subcutaneous.
*Pre-index period through 30 days post-index.
yAny claim with a diagnosis code for RA, psoriatic arthritis, psoriasis, ankylosing spondylitis, Crohn’s disease, ulcerative colitis, juvenile idiopathic arthritis, non-
Hodgkins lymphoma, or chronic lymphocytic leukemia.

Journal of Medical Economics Volume 17, Number 8 August 2014

558 Estimated cost-effectiveness of biologic treatment in RA Curtis et al. www.informahealthcare.com/jme ! 2014 Informa UK Ltd



patient had already been taking the index biologic for
�1 year.

Effectiveness of a second biologic after a switch,
as assessed by claims-based algorithm

Patients who switched to a different biologic in the first
year and had at least 1 additional year of continuous
health-plan enrollment immediately following the date
they switched were analyzed for effectiveness of the
second biologic. This analysis used the same algorithm
and criteria as the analysis of effectiveness for the index
biologic. Algorithm criteria that assessed changes from
baseline, such as changes in DMARD or glucocorticoid
treatment, were based on comparisons to the index date,
not the date of the switch. Tocilizumab was removed from
the analysis of second biologic treatment due to small
sample size. Rituximab was removed from the analysis
of second biologic treatment due to the long infusion inter-
val, the effects of which were not adequately validated
in the original algorithm that was developed with data
from the Veterans’ Administration (VA).

Cost of biologic therapy

The total 1-year biologic cost was calculated by summing
allowed amounts (health plan paid and patient paid) for all
medical and pharmacy claims for that biologic during the
first year of the post-index period. Costs included both
medication costs and professional administration costs,
where applicable. Costs of other medications used in
that year, such as DMARDs or other biologics, were not
included in the cost calculations. Administration costs
were based on the allowed amount on a claim with an
administration code for an IV biologic (abatacept or inflix-
imab). Subcutaneous agents (adalimumab, etanercept, or
golimumab) were self-administered and, thus, had no
administration cost. Costs were adjusted using the
annual medical care component of the Consumer Price
Index (CPI) to reflect inflation between 2007–2011.
Similar methods were used to determine 1-year biologic
costs in the second year of the post-index period or the first
year after switching.

Cost per effectively treated patient

For each analysis, 1-year cost per effectively treated patient
was calculated as follows:

1-year cost per effectively treated patient¼ Total 1-year cost of index biologic

Number of patients categorized
as effectively treated

� �

Statistical analysis

For categorical measures, the distribution of patients across
the categories of each characteristic was described using
cross-tabulations, showing the frequency (number of cases)
and the proportion of study patients observed in each
category. Descriptive statistics (confidence interval,
mean, median, standard deviation [SD], minimum, and
maximum) were computed for continuous measures.
Effectiveness per the algorithm was compared between
biologics using binomial tests; etanercept was used as the
comparator because it was the most commonly used
biologic.

Results

Patient characteristics

There were 16,011 patients available for analysis after
applying the inclusion and exclusion criteria (Table 1).
The number and proportion of patients who received
each index biologic were as follows (in decreasing order):
etanercept, 7247 (45.3%); adalimumab, 4991 (31.2%);
infliximab, 2352 (14.7%); abatacept, 1160 (7.2%); and
golimumab, 261 (1.6%).

Patient characteristics and prior healthcare resource
utilization are summarized in Table 2. Mean (SD) patient
age at the index date ranged from 48.9 (9.9) to 51.0 (8.8)
years for each index biologic. Overall, 12,280 (76.7%)
patients were female, ranging from 73.6% for golimumab
to 80.9% for abatacept. Overall, 23.7% of patients had a
Charlson Comorbidity Index score41 in the 6-month pre-
index period, ranging from 23.0% for adalimumab to
28.3% for abatacept. Median pre-index RA-related med-
ical cost per patient was $507 overall, ranging from $475
for infliximab to $668 for abatacept.

Overall effectiveness per claims-based
algorithm

The number of subjects available for each analysis of
effectiveness and the attrition reasons for each analysis
are provided in Table 1. Effectiveness per the claims-
based algorithm is presented in Table 3 for each analysis
(first year of index biologic, second year of index biologic,
and first year after a switch).

Index biologic: first year
When the algorithm was applied to the first year of index
biologic treatment, the proportions of patients categorized
as effectively treated were 31.0% (2243/7247) for etaner-
cept, 28.6% each for abatacept (332/1160) and adalimu-
mab (1426/4991), 27.2% (71/261) for golimumab, and
20.2% (474/2352) for infliximab. Significantly more
patients were categorized as effectively treated with
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etanercept than with adalimumab (p¼ 0.004) or inflixi-
mab (p50.001); the other differences vs etanercept for
index biologic treatment were not statistically significant.

Index biologic: second year
Of the 4546 patients who satisfied all effectiveness criteria
in the first year, 1999 patients were continuously enrolled
in their health plan for at least 2 years after the index date
and were available for analysis of effectiveness in the
second year (Table 1). The proportions of patients cate-
gorized as effectively treated by the claims-based algorithm
in the second year were 47.4% (294/620) for adalimumab,
47.2% (469/994) for etanercept, 45.4% (104/229) for
infliximab, and 44.9% (70/156) for abatacept. In the
second year, the differences between etanercept and the
other biologic treatments did not reach statistical
significance.

Second biologic
A total of 1303 patients who switched to a second biologic
in the first year had at least 1 additional year of health-plan
enrollment and were available for the analysis of effective-
ness after a biologic switch (Table 1). The proportions of
patients categorized as effectively treated with the second
biologic treatment were 25.0% (49/196) for abatacept,

23.3% (14/60) for golimumab, 21.7% (69/318) for etaner-
cept, 20.9% (110/527) for adalimumab, and 10.9%
(22/202) for infliximab. Use of etanercept as the second
biologic treatment was categorized as effective for signifi-
cantly more patients than infliximab (p¼ 0.001); the
other differences vs etanercept for the second biologic
treatment were not statistically significant.

Achievement of each algorithm criterion

The number and proportions of patients who satisfied each
criterion of the algorithm, with 95% confidence intervals,
are shown by biologic in Table 3 and are separated by
index biologic treatment, the second year of continued
index biologic treatment, and the second biologic treat-
ment after a switch. Every criterion was analyzed in each
patient, regardless of whether they failed another criterion
during that year or when that failure occurred; thus, a
single patient could be counted as failing several different
criteria.

Index biologic: first year
In the first year, the criterion of high adherence had the
lowest achievement rates of any algorithm criterion (ran-
ging from 37.5–45.5% of patients) except for infliximab,

Table 2. Patient characteristics and pre-index rheumatoid arthritis-related costs.

Total
(n¼ 16,011)

Abatacept
(n¼ 1160)

Adalimumab
(n¼ 4991)

Etanercept
(n¼ 7247)

Golimumab
(n¼ 261)

Infliximab
(n¼ 2352)

Age, years, mean (SD) 49.3 (9.7) 51.0 (8.8) 49.0 (9.8) 48.9 (9.9) 49.9 (9.4) 50.5 (9.3)
Female, n (%) 12,280 (76.7) 938 (80.9) 3815 (76.4) 5548 (76.6) 192 (73.6) 1787 (76.0)
Region, n (%)

Northeast 3682 (23.0) 263 (22.7) 1134 (22.7) 1663 (22.9) 44 (16.9) 578 (24.6)
Midwest 4389 (27.4) 285 (24.6) 1423 (28.5) 2152 (29.7) 69 (26.4) 460 (19.6)
South 6082 (38.0) 500 (43.1) 1964 (39.4) 2397 (33.1) 133 (51.0) 1088 (46.3)
West 1858 (11.6) 112 (9.7) 470 (9.4) 1035 (14.3) 15 (5.7) 226 (9.6)

Payer type, n (%)
Commercial plan 10,416 (65.1) 754 (65.0) 3167 (63.5) 4826 (66.6) 159 (60.9) 1510 (64.2)
Self-insured 5451 (34.0) 390 (33.6) 1782 (35.7) 2370 (32.7) 100 (38.3) 809 (34.4)
Medicaid 60 (0.4) 4 (0.3) 19 (0.4) 19 (0.3) 0 (0.0) 18 (0.8)
Medicare risk 57 (0.4) 12 (1.0) 10 (0.2) 18 (0.2) 2 (0.8) 15 (0.6)
Unknown 27 (0.2) 0 (0.0) 13 (0.3) 14 (0.2) 0 (0.0) 0 (0.0)

Plan type, n (%)
PPO 12,409 (77.5) 912 (78.6) 3899 (78.1) 5516 (76.1) 224 (85.8) 1858 (79.0)
HMO 1924 (12.0) 108 (9.3) 639 (12.8) 928 (12.8) 18 (6.9) 231 (9.8)
Point of service 1049 (6.6) 90 (7.8) 263 (5.3) 498 (6.9) 10 (3.8) 188 (8.0)
Indemnity plan 525 (3.3) 41 (3.5) 159 (3.2) 253 (3.5) 8 (3.1) 64 (2.7)
Consumer-directed 37 (0.2) 4 (0.3) 13 (0.3) 17 (0.2) 1 (0.4) 2 (0.1)
Unknown 67 (0.4) 5 (0.4) 18 (0.4) 35 (0.5) 0 (0.0) 9 (0.4)

Charlson comorbidity score, n (%)
0–1 12,216 (76.3) 832 (71.7) 3845 (77.0) 5564 (76.8) 189 (72.4) 1786 (75.9)
2–3 3371 (21.1) 267 (23.0) 1026 (20.6) 1506 (20.8) 65 (24.9) 507 (21.6)
4–5 349 (2.2) 52 (4.5) 100 (2.0) 138 (1.9) 6 (2.3) 53 (2.3)
6þ 75 (0.5) 9 (0.8) 20 (0.4) 39 (0.5) 1 (0.4) 6 (0.3)

Pre-index RA-related medical costs per patient, $
Mean 1310 3416 1062 1097 890 1505
SD 3481 6308 2537 2904 1651 4518
Median 507 668 501 510 482 475

HMO, health maintenance organization; PPO, preferred provider organization; RA, rheumatoid arthritis; SD, standard deviation.
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for which slightly more patients achieved the high adher-
ence criterion (58.8%) than the criterion for no increase in
biologic dose (53.7% of patients).

Index biologic: second year
Patients who were effectively treated in the first year
showed nominally higher achievement rates for individual
criteria in the second year of therapy, compared to rates for
the same agents in the first year of therapy. In particular,
rates of high adherence increased to a range of 61.7–73.4%
in the second year.

Second biologic
Achievement rates of individual criteria were nominally
lower for the second biologic treatment after a switch than
when the same treatment was used as the index biologic.
For example, in the first year 78.5–84.7% of patients did
not switch to a second biologic, whereas 68.9–81.1% of
patients did not switch from a second biologic to a third
biologic.

Mean 1-year cost of biologic per patient

Index biologic: first year
For the index biologic, mean total 1-year cost per patient
was $14,523 for golimumab, $15,519 for etanercept,

$16,269 for adalimumab, $21,041 for abatacept, and
$22,993 for infliximab (Figure 1a).

Index biologic: second year
For the second year of continued index treatment, mean
total 1-year cost per patient was $16,783 for infliximab,
$17,584 for adalimumab, $17,602 for etanercept, and
$21,617 for abatacept (Figure 1b).

Second biologic
After a switch, mean total 1-year cost of the second bio-
logic treatment per patient was $13,995 for etanercept,
$14,438 for golimumab, $15,003 for adalimumab,
$21,891 for abatacept, and $24,632 for infliximab
(Figure 1c).

One-year cost per effectively treated patient

Index biologic: first year
For index biologic treatment, the 1-year costs per effect-
ively treated patient, as categorized by the algorithm, were
$50,141 for etanercept, $53,386 for golimumab, $56,942
for adalimumab, $73,516 for abatacept, and $114,089 for
infliximab (Figure 2a).

Table 3. Proportion (and 95% confidence interval) of patients satisfying each algorithm criterion.

Abatacept Adalimumab Etanercept Golimumab Infliximab

Index biologic (first year) (n¼ 1160) (n¼ 4991) (n¼ 7247) (n¼ 261) (n¼ 2352)
High adherence 44.7 (41.8, 47.6) 45.5 (44.1, 46.9) 42.8 (41.7, 43.9) 37.5 (31.6, 43.4) 58.8 (56.8, 60.8)
No increased biologic dose 90.2 (88.5, 91.9) 87.8 (86.9, 88.7) 95.7 (95.2, 96.2) 98.9 (97.6, 100.0) 53.7 (51.7, 55.7)
No biologic switch 84.7 (82.6, 86.8) 83.3 (82.3, 84.3) 83.0 (82.1, 83.9) 78.5 (73.5, 83.5) 84.0 (82.5, 85.5)
No new DMARD 85.9 (83.9, 87.9) 85.1 (84.1, 86.1) 85.2 (84.4, 86.0) 83.5 (79.0, 88.0) 86.8 (85.4, 88.2)
No new/increased oral glucocorticoid 83.3 (81.2, 85.4) 85.7 (84.7, 86.7) 86.6 (85.8, 87.4) 83.9 (79.4, 88.4) 85.0 (83.6, 86.4)
52 glucocorticoid injections 90.2 (88.5, 91.9) 92.4 (91.7, 93.3) 93.6 (93.0, 94.2) 94.3 (91.5, 97.1) 91.6 (90.5, 92.7)
Overall (satisfied all 6 criteria) 28.6 (26.0, 31.2) 28.6 (27.3, 29.8) 31.0 (29.9, 32.0) 27.2 (21.8, 32.6) 20.2 (18.5, 21.8)
Overall p-value vs etanercept 0.097 0.004 – 0.184 50.001

Index biologic (second year) (n¼ 156) (n¼ 620) (n¼ 994) (n¼ 0) (n¼ 229)
High adherence 71.2 (64.1, 78.3) 62.7 (58.9, 66.5) 61.7 (58.7, 64.7) 73.4 (67.7, 79.1)
No increased biologic dose 91.0 (86.5, 95.5) 94.4 (92.6, 96.2) 97.9 (97.0, 98.8) 75.1 (69.5, 80.7)
No biologic switch 92.3 (88.1, 96.5) 93.2 (91.2, 95.2) 92.3 (90.6, 94.0) 94.3 (91.3, 97.3)
No new DMARD 88.5 (83.5, 93.5) 91.6 (89.4, 93.8) 90.4 (88.6, 92.2) 94.3 (91.3, 97.3)
No new/increased oral glucocorticoid 82.7 (76.8, 88.6) 85.6 (82.8, 88.4) 85.6 (83.4, 87.8) 91.7 (88.1, 95.3)
52 glucocorticoid injections 91.0 (86.5, 95.5) 93.7 (91.8, 95.6) 93.0 (91.4, 94.6) 96.1 (93.6, 98.6)
Overall (satisfied all 6 criteria) 44.9 (37.1, 52.7) 47.4 (43.5, 51.3) 47.2 (44.1, 50.3) 45.4 (39.0, 51.9)
Overall p-value vs etanercept 0.592 0.937 – 0.622

Second biologic (first year) (n¼ 196) (n¼ 527) (n¼ 318) (n¼ 60) (n¼ 202)
High adherence 48.0 (41.0, 55.0) 39.1 (34.9, 43.3) 36.5 (31.2, 41.8) 38.3 (26.0, 50.6) 60.9 (54.2, 67.6)
No increased biologic dose 81.1 (75.6, 86.6) 83.3 (80.1, 86.5) 93.7 (91.0, 96.4) 96.7 (92.2, 100.0) 42.1 (35.3, 48.9)
No biologic switch 81.1 (75.6, 86.6) 68.9 (64.9, 72.9) 72.6 (67.7, 77.5) 75.0 (64.0, 86.0) 72.3 (66.1, 78.5)
No new DMARD 82.1 (76.7, 87.5) 79.1 (75.6, 82.6) 78.3 (73.8, 82.8) 85.0 (76.0, 94.0) 88.6 (84.2, 93.0)
No new/increased oral glucocorticoid 83.7 (78.5, 88.9) 79.3 (75.8, 82.8) 81.4 (77.1, 85.7) 81.7 (71.9, 91.5) 79.2 (73.6, 84.8)
52 glucocorticoid injections 87.2 (82.5, 91.9) 90.5 (88.0, 93.0) 90.9 (87.7, 94.1) 91.7 (84.7, 98.7) 86.1 (81.3, 90.9)
Overall (satisfied all 6 criteria) 25.0 (18.9, 31.1) 20.9 (17.4, 24.3) 21.7 (17.2, 26.2) 23.3 (12.6, 34.0) 10.9 (6.6, 15.2)
Overall p-value vs etanercept 0.390 0.783 – 0.785 0.001

Patients were evaluated for each of the six criteria; thus, a single patient could fail more than one criterion and the sum for the six criteria could exceed the total
proportion of patients who failed the algorithm. DMARD, disease-modifying anti-rheumatic drug.
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Index biologic: second year
For the second year of continued index biologic treatment,
the 1-year costs per effectively treated patient, as categor-
ized by the algorithm, were $36,954 for infliximab,
$37,082 for adalimumab, $37,306 for etanercept, and
$48,176 for abatacept (Figure 2b).

Second biologic
After a switch, the 1-year costs per effectively treated
patient, as categorized by the algorithm, with the second
biologic were $61,876 for golimumab, $64,499 for etaner-
cept, $71,877 for adalimumab, $87,563 for abatacept, and
$226,167 for infliximab (Figure 2c).

Discussion

In this analysis of more than 16,000 patients with RA who
initiated biologic treatment between 2007–2010, effect-
iveness results for the first year of therapy are consistent
with those from the original validation study in the VARA

registry25. Just under 30% of patients with RA who
initiated therapy with a biologic in this commercial
claims database satisfied all six criteria of the algorithm
and were categorized as effectively treated in the first
year. Across biologics, �40–60% of patients had sufficient
adherence, 79–85% did not switch to another biologic,
83–87% did not initiate or increase use of oral glucocortic-
oids, and 90–94% did not receive multiple glucocorticoid
injections during the first year of therapy. The greatest
variation in effectiveness criteria was observed for the bio-
logic dose increase criterion, where 88–99% of patients for
most biologics completed 12 months of treatment without
any dose increase, compared to only 54% of patients
receiving infliximab, which in turn led to its lowest rate
of effectiveness according to the algorithm.

This analysis extended prior work with the algorithm by
considering the cost implications of these variations in
effectiveness with respect to biologic treatment. First-
year costs for biologic treatment among patients with
RA ranged from �$15,000 (etanercept, golimumab) to
�$23,000 (infliximab). However, after factoring in the
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Figure 1. One-year cost of biologic per patient. (a) Index biologic treatment: Mean (þSD) cost of biologic in the first year after the index date. (b) Continued
index biologic treatment: Mean (þSD) cost of biologic in the second year after the index date. *No patient met the criteria for continued index biologic
treatment with golimumab. (c) Second biologic treatment: Mean (þSD) cost of biologic in the first year after switch. SD, standard deviation.
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estimates of effectiveness per the claims-based algorithm
for each biologic, cost per effectively treated patient
ranged from �$50,000 (etanercept, golimumab) to as
much as $114,000 (infliximab).

The subsequent effectiveness and cost of treatment
within two sub-groups of the initial cohort were also
explored. These included patients who switched biologics
in the first year but were observable for a year following the
switch, and patients for whom the initial biologic was
categorized as effective in the first year and who had a
second year of observable data. Consistent with a recent
study that used registry data29, this analysis found that the
second biologic treatment after a switch was categorized by
the algorithm as less effective than the first biologic ther-
apy. Success rates for individual criteria were much lower
for the second biologic treatment, particularly for biologic
switch rates (i.e., switching to a third biologic treatment).
Among the sub-group of patients who completed the first
year of new biologic treatment, satisfied the effectiveness
algorithm, and were continuously enrolled in the health
plan for a second year, rates of effectiveness generally were

higher in the second year than they had been for the full
sample in the first year.

The total 1-year costs of the second biologic treatment
among patients who switched and the total 1-year costs in
the second year among patients who continued index bio-
logic treatment were similar to the costs in the first year of
index biologic treatment. However, the cost implications
of differences in effectiveness per the algorithm were pro-
found. In the second year of continued index biologic
treatment, the cost was reduced to �$37,000 (etanercept,
adalimumab, infliximab) to �$48,000 (abatacept) per
effectively treated patient, per the algorithm. In contrast,
1-year costs for the second biologic treatment after
a switch were much higher and ranged from �$60,000
(etanercept, golimumab) to �$226,000 (infliximab) per
effectively treated patient, per the algorithm. However,
these uses of the algorithm to categorize biologic treatment
as effective were extensions beyond the population in
which the algorithm was originally validated.

Dose escalation may have been a major contributor to
the large difference in costs between infliximab and the
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Figure 2. One-year cost per patient categorized as effectively treated by the algorithm. (a) Index biologic treatment: first year after index date. (b) Continued
index biologic treatment: second year after index date. * No patient met the criteria for continued index biologic treatment with golimumab. (c) Second
biologic treatment: first year after switch.
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other TNF blockers in the first year of treatment. Dose
escalation in patients with RA is not included in etaner-
cept product labeling. The adalimumab labeling notes that
some patients with RA not receiving concomitant metho-
trexate may benefit from doubling the total dose (by giving
it every week instead of every 2 weeks). Dose escalation
can be particularly costly for infliximab, because the prod-
uct labeling notes that some patients may benefit from
increasing the dose by a factor of 3.3–6.7 (from 3 mg/kg
every 8 weeks to 10 mg/kg every 8 weeks or 10 mg/kg every
4 weeks). The substantial increase in infliximab cost with
dose escalation, combined with a high proportion of inflix-
imab-treated patients who failed the algorithm by increas-
ing their dose, led to very high estimated costs per
effectively treated patient in the first year as compared
with the other TNF blockers when infliximab was either
the index treatment or the second biologic treatment after
a switch. This cost difference was absent among patients
who were categorized as effectively treated in the first year
(without dose escalation) and, thus, were included in the
analysis of the second year of continued treatment. Within
this sub-group, the rate of dose escalation for infliximab
decreased from 46% in the first year to 25% in the second
year, and the total costs of infliximab and the cost per
effectively treated patient with infliximab were compar-
able to those of the other biologic treatments in the second
year.

Limitations

The effectiveness algorithm implemented here defines
‘effectiveness’ from pharmacy claims data and visit data
that are readily available to a payer. Clinician and patient
perspectives of effectiveness may value the algorithm cri-
teria differently. For example, increasing the dose of a bio-
logic to obtain the desired response suggests that the initial
dose was not sufficient and decreases its cost-effectiveness
from the payer perspective. On the other hand, patients
may subsequently achieve a clinical response with a dose
increase, which may be highly valued by the clinician and
patient. Although this could lower the cost per effectively
treated patient according to the algorithm, some of the
decrease would be offset by the increased cost associated
with increasing the dose of the biologic treatment.
Additionally, altering the algorithm to allow for greater
dose escalation of some biologics, consistent with their
FDA approved labeling, without failing the other algo-
rithm criteria might be reasonable. However, it would
require re-validation of the original effectiveness algo-
rithm before it could be applied in studies such as this
one in order to confirm that this strategy yielded the
same clinical outcome as the benefit achieved by patients
who did not need to escalate dose.

Payers may also experience varying levels of cost con-
sequence among patients who succeed or fail individual
algorithm criteria. For example, the addition of traditional
DMARDs to the treatment regimen counts as ineffective-
ness in this algorithm, and may certainly decrease patients’
treatment satisfaction and convenience, but the cost dif-
ferential between traditional and biologic DMARDs may
result in only marginally increased cost to the payer.

Comparisons between biologics were complicated by
large differences in sample sizes between the most com-
monly used TNF blockers (adalimumab, etanercept, and
infliximab) and the other biologics. In the analysis of index
biologic treatment, a range of values was observed for base-
line comorbidity and prior RA-related treatment costs.
Patients may have been preferentially selected for one
biologic over another as the index treatment based on
the severity of disease, but it is not possible to confirm
this hypothesis from the claims data.

Because all six of the algorithm criteria were evaluated
in every patient, each patient may not have met more than
one algorithm criterion for effectiveness. For example, it is
likely that many of the patients who switched to another
biologic also failed the criterion for insufficient adherence
after they switched biologic treatment. One alternative
approach to better distinguish failure criteria would be to
apply the criteria conditionally. For example, adherence
could be measured only until the date on which a patient
switched to another biologic, when applicable. This
approach, however, would not alter the algorithm’s overall
estimates of treatment effectiveness, and prior validation
studies did not differentially estimate the predictive value
of individual criteria on overall treatment response.

This algorithm is a proxy for effectiveness, but does not
measure actual treatment response by indicators accepted
within rheumatology, such as patient-reported Health
Assessment Questionnaire disability scores or clinician-
rated Disease Activity Score-28 (DAS-28). However,
the original algorithm was validated against the DAS-28
from a large RA registry25, and was further evaluated in a
comparison of claims data and clinical effectiveness data in
a commercial database26.

Interpretation of results from the second year is limited
by several factors. The algorithm was neither designed nor
explicitly validated to evaluate effectiveness beyond
1 year, and some of the algorithm criteria needed to be
modified to fit the second-year analysis. The categorization
of patients for analysis of costs in the second year with
continued index biologic treatment was subject to selec-
tion bias, because initial biologic treatment needed to be
categorized as effective in the first year and the patient
needed to have a second year of continuous coverage in
the health plan. Additionally, golimumab was not
approved for use in RA until April 2009, and no patient
who received golimumab could meet all of the criteria for
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inclusion in the analysis of continued index biologic
treatment.

Interpretation of results after a biologic switch is limited
by the fact that the baseline for concomitant therapies was
not reset at the date of the switch. For example, a patient
who received a new DMARD or increased glucocorticoid
treatment between the original index date and the date
of the switch would fail the algorithm again for the second
biologic when the prescription for the concomitant
medication was refilled. However, achievement rates for
criteria that were not dependent on the baseline, such
as adherence to the second biologic, switching to a third
biologic, or biologic dose escalation after switching,
tended to decrease more (410% difference) for the
second biologic than the criteria that were dependent on
the baseline, which suggests that this approach had little
influence on the results.

An index biologic with a lower acquisition and admin-
istration cost may actually have higher total 1-year costs if
patients frequently need to switch to another, more costly,
biologic. Budget impact models for 1-year biologic costs
have included costs after switching to address this issue4,5.
In this analysis, total 1-year biologic costs did not
include the costs of biologics after a switch. Instead, the
influence of treatment failure on costs was addressed
by analyzing costs per effectively treated patient. Future
analyses of biologic effectiveness and cost should consider
the inclusion of costs of all biologics, not just those of the
index biologic.

Conclusion

When a claims-based algorithm for effectiveness in RA
was applied to biologic treatment in a large commercial
claims database, etanercept was among the most effective
according to the algorithm and among those with the
lowest cost per effectively treated patient, either as the
index treatment (in both the first and second years) or as
the second biologic treatment after a switch. Infliximab
treatment was characterized by high rates of dose increase,
which contributed to lower estimates of effectiveness and
higher cost per effectively treated patient according to the
claims-based algorithm. Overall, a greater proportion of
index biologics that were categorized as effective in the
first year continued to be effective in the second year,
when compared to biologics that were categorized as
not effective in the first year of treatment. Further,
many patients who switched from their index biologic
to a second biologic treatment subsequently switched
to a third biologic. These observations may provide insight
to both payers and clinicians who have little evidence-
based guidance on extended management of biologic
therapy in RA.
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