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Abstract

Objectives:

This study examined total healthcare costs and rates of patients with rheumatoid arthritis (RA) who switch

biologic disease-modifying anti-rheumatic drug (bDMARD) therapy in a real world setting.

Methods:

A retrospective longitudinal analysis was conducted in patients with RA using IMS PharMetrics

Plus database from 1/1/2004 to 3/31/2010. The first-line cohort included patients newly initiated

on abatacept or the tumor necrosis factor-alpha inhibitors (anti-TNFs) adalimumab, etanercept, or

infliximab, with 12 months of continuous follow-up. The second-line cohort included patients initiating

a bDMARD with evidence of a different bDMARD within the previous 2 years and with 12 months of

continuous follow-up. Switching was defined as a different bDMARD claim within a 200% gap in days

supply from the previous bDMARD claim. Non-switchers stayed on their bDMARD in the follow-up period.

Monthly total healthcare costs for switchers and non-switchers and rates of bDMARD switching were

examined. Switch rates for each bDMARD were also compared.

Results:

First-line switchers had significantly higher monthly total healthcare costs after the switch than

non-switchers ($3759 vs $2343; p50.05), as did second-line switchers ($3956 vs $2616; p50.05).

First-line abatacept (2.1%) had significantly lower rates of switching compared to adalimumab (9.5%),

etanercept (9.0%), and infliximab (5.5%). Second-line abatacept (8.0%) had significantly lower rates of

switching compared to adalimumab (16.7%), etanercept (14.4%), and infliximab (14.3%).

Limitations:

There are no clinical data available in this database and, therefore, this study did not examine the clinical

drivers of healthcare costs and switch rates.

Conclusions:

Monthly total healthcare costs were higher for bDMARD switchers following the switch compared to non-

switchers. Patients on abatacept switched less frequently than patients on anti-TNFs. This study highlights

the need to identify patients who are likely to switch in order to ensure they receive the appropriate therapy

which may improve outcomes and decrease healthcare costs.

Introduction

Rheumatoid arthritis (RA) is a chronic, progressive, and systemic autoimmune
disease which affects 1.3 million adults in the US1. Activation of T-cells by an
unknown antigen(s) resulting in the proliferation of synoviocytes, endothelial
cells, and other pro-inflammatory cells, as well as induction of autoantibody
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formation and secretion of pro-inflammatory cytokines
and proteases are implicated in the pathogenesis of RA2.
An increased understanding of the pathogenesis of RA has
resulted in the development of several therapeutic agents
called biologic disease-modifying anti-rheumatic drugs
(bDMARDs). bDMARDs consist of therapeutic agents
with differing mechanisms of action (MOA) including
tumor necrosis factor-alpha inhibitors (anti-TNFs) such
as adalimumab, etanercept, and infliximab, and a selective
T-cell co-stimulation modulator—abatacept2. Early and
aggressive treatment with bDMARDs has been shown
to improve disease outcomes such as the inhibition of
radiographic progression and structural damage2.

Given the number of bDMARD treatment options
available to clinicians and their effectiveness in treating
RA, switching between the various bDMARDs is common
practice in real-world settings3,4. Lack of efficacy and side-
effects are the primary underlying reasons that RA patients
are switched from their initial bDMARD to another
bDMARD5,6. Oei et al.5 used clinical data and reasons
for switching or stopping bDMARDs captured in a longi-
tudinal registry of RA patients from a VA medical center.
The authors found that adverse events and lack of efficacy
were the two most prominent reasons for switching
or stopping bDMARDs5. There is evidence to suggest
that patients who have a lack or loss of efficacy to an
anti-TNF agent are less likely to respond to a second
anti-TNF agent7,8. This indicates that mechanism of
action (MOA) may play an important role in response
and, consequently, adherence to the bDMARD that a
patient is switched to. There are also some studies which
support the theory that switching between anti-TNF
agents may be effective; however, the effectiveness of
the switch bDMARD may depend on the reason for failure
of the previous anti-TNF agent8–11.

Given the prevalence of switching bDMARDs in real
world settings, it is important to examine the association
between switching and healthcare utilization and costs at a
population level since this practice may have implications
for the economics of RA management. To date, there have
been no studies in the literature which have examined the
real world impact of switching bDMARDs. This study
examined the association between switching and health-
care costs in patients on both first and second-line
bDMARDs. In addition, this study also examined the
rates of switching in patients treated with bDMARDs.

Methods

A retrospective longitudinal analysis was conducted using
IMS PharMetrics Plus, a database of commercially insured
US patients. The database contains de-identified insur-
ance claims data for more than 70 million members cov-
ered by over 100 commercial health plans across the US.

The IMS PharMetrics Plus database is geographically rep-
resentative of the US population and includes a variety of
demographic measures. The database also includes medical
claims from both the inpatient and outpatient setting,
diagnosis and procedure codes, and pharmacy claims.

Data were available from January 1, 2004 to March 31,
2010. Patients who initiated a bDMARD (intravenous
abatacept, adalimumab, etanercept, or infliximab) from
July 1, 2004 to March 31, 2009 were identified; rituximab,
which was commercially available during this time period,
was not included since it does not have a first-line indica-
tion in RA. Date of first bDMARD claim served as the
index date. Patients were required to have 6 months pre-
index and 12 months post-index continuous eligibility in
the database. Patients were included if they had a diagnosis
of RA (ICD-9 714.0, 714.2) during the 6-month pre-index
period and if they were �18 years of age at index. Patients
were excluded if they had a diagnosis of Crohn’s disease,
psoriasis, psoriatic arthritis, ulcerative colitis, ankylosing
spondylitis, regional enteritis, or anal fistula during the
pre-index period. Patients were also excluded if they had
57 days supply of adalimumab or etanercept, or if they had
claims for more than one bDMARD on the same date. The
study population was stratified into first- and second-line
cohorts.

First-line cohort

Patients were considered to be on their first bDMARD if
there was no evidence of a different bDMARD at any time
prior to index date. The date on which a patient had a
claim for their first bDMARD (or the index bDMARD)
was designated as the index date. Patients were followed
for 12 months post-index to determine if they switched
bDMARD (those that switched from their first
bDMARD to a second bDMARD), i.e., had a claim for a
new bDMARD within 200% gap in days supply of the
previous index bDMARD claim. For example, a patient
who initiated first-line etanercept and who had a subse-
quent claim for adalimumab within 60 days (i.e., within
200% gap in days supply) of their last etanercept claim
would be considered a switcher (Figure 1a). Days supply
values were based on the ‘Days Supply’ field in pharmacy
claims for SC agents and were imputed based on maximum
dose interval from the label for IV agents (i.e., 28 days
for abatacept and 56 days for infliximab). Patients who
switched or re-started their previous biologic beyond
the 200% gap were excluded from the analysis. This def-
inition of switch ensured that the analysis focused on a
population that was consistently on a biologic without
large gaps in therapy. The non-switcher cohort was com-
prised of patients who stayed on their index therapy in the
post-index period or discontinued without evidence of
re-starting a bDMARD during the post-index period.
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Second-line cohort

To maximize the population for the second-line analysis,
we defined a new population during the same study period.
The second-line population was defined as patients initi-
ating their second bDMARD with evidence of only one
different bDMARD up to 2 years prior to the index date.
The date on which a patient had a claim for their second
bDMARD (or the index bDMARD) was designated as the
index date (Figure 1b). The second-line patients were also
divided into switchers (those that switched from a second
bDMARD to a third bDMARD) and non-switchers based
on the same criteria as the first-line population. Patients
were followed for the 12 month post-index period after
starting their second biologic to determine if they switched
bDMARD, i.e., had a claim for a new, third bDMARD,
within 200% gap in days supply of the previous index
bDMARD claim. Patients who switched or re-started

their previous biologic beyond the 200% gap were
excluded from the analysis. The non-switcher cohort was
comprised of patients who stayed on their index bDMARD
therapy or discontinued without evidence of re-starting a
bDMARD during the post-index period.

Study outcomes

The study period for switchers and non-switchers was
divided into a pre-index period and a post-index period.
The post-index period for switchers was further divided
into a pre-switch and a post-switch period (Figures 1a
and b). Outcomes of interest included mean monthly
total healthcare costs in the pre-index and post-switch
periods for switchers and in the pre-index and post-index
period for non-switchers. Total healthcare costs were com-
prised of medical and pharmacy costs (including the cost of

Index date

(a)

(b)

Day 1

Etanercept
Days supply = 30

Etanercept
Days supply = 30

Etanercept
Days supply = 30

Adalimumab
Days supply = 30

Etanercept
Days supply = 30

Etanercept
Days supply = 30

Etanercept
Days supply = 30

Adalimumab
Days supply = 30

Adalimumab
Days supply = 30

Day 35 Day 62 Day 101

Switch date

12-Month follow-up

12-Month follow-up

Post-switch period
Pre-Index
period Post-index pre-switch period

Day 122

Switching window

Index date

Day 1 Day 35 Day 62 Day 101

Switch date

Post-switch periodPost-index pre-switch period

Day 122

Switching window

Day -60

Pre-Index
period 

Figure 1. Example of switching in (a) first-line cohort and (b) second-line cohort.
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bDMARDs). Costs were determined to be RA-related if
there was an ICD-9 diagnosis of RA in the primary pos-
ition on that claim. All costs were based on paid amounts
reported in the database.

Switch rates for the index bDMARDs were also exam-
ined, for both first-line and second-line cohorts. In add-
ition, a sub-analysis of the anti-TNF agents examined
switching within class to another anti-TNF agent.

Statistical analysis

Analyses were run separately for the first-line and
second-line cohorts. For baseline characteristics, t-tests
were used for continuous variables and chi-square tests
for categorical variables to determine if differences
existed between switchers and non-switchers. Monthly
total healthcare costs of switchers and non-switchers
were compared using Wilcoxon signed rank tests.
A multivariate cost model was developed utilizing a
gamma regression with a log transformation to determine
if differences existed between post-switch costs of switch-
ers and post-index costs of non-switchers, while control-
ling for age, gender, Charlson Comorbidity Index (CCI),
and pre-index costs. The proportion of patients who
switched within the post-index period was determined
for each index bDMARD. Logistic regression was used
to determine the odds of switching for the bDMARDs
while controlling for age, gender, CCI, pre-index hospi-
talization, and pre-index costs.

Results

First-line cohort

The initial population included 10,281 patients with RA
who were identified as being on a first-line bDMARD
(Appendix Table A1a); 524 patients were excluded from
the analysis (they either switched beyond the allowable
gap or re-started their index bDMARD and later
switched). Of the remaining 9757 patients, a total of

7.8% (n¼ 765) switched their bDMARD therapy within
the first year of initiation. Baseline characteristics are pre-
sented in Table 1. bDMARD switchers tended to be
younger (53 years vs 55 years; p50.001), have higher
pre-index hospitalization rates (9.5% vs 7.2%;
p¼ 0.015), and have higher pre-index monthly total
healthcare costs ($1025 vs $796; p50.001) compared to
non-switchers.

Mean time to switch for the switching cohort was 171
days. Monthly post-switch costs were $1416 higher com-
pared to the post-index costs of non-switchers ($3759 vs
$2343; p50.001; Figure 2a). Cost breakdowns by type of
service are depicted in Appendix Table A2a. In a Gamma
regression for monthly total healthcare cost, post-switch
costs increased by 51% (p50.001) compared to the post-
index costs of non-switchers (Appendix Table A3a).

When considering the proportion of switchers for each
index bDMARD, 9.5% of adalimumab, 9.0% of etaner-
cept, 5.5% of infliximab, and 2.1% of abatacept patients
switched to another bDMARD (Figure 3a). After control-
ling for potential confounders, abatacept patients had sig-
nificantly lower odds of switching compared to the anti-
TNFs combined (OR¼ 0.24; 95% confidence interval
(CI)¼ 0.14, 0.44) (Appendix Table A4a). A majority of
patients who switched from adalimumab or etanercept
within the first year, switched to a second anti-TNF
agent (90.0%, 94.8%, respectively); this was less frequent
with infliximab initiators (44.6%; Figure 4a).

Second-line cohort

The initial population included 2354 patients identified as
being on a second-line bDMARD, of which 180 were
excluded due to switching or re-starting their index medi-
cation beyond the allowable gap (Appendix Table A1b).
Of the 2174 remaining second-line patients, 300 (13.8%)
switched to a third bDMARD. Baseline characteristics are
presented in Table 1. Second-line switchers had higher
pre-index total healthcare costs ($2173 vs $1856;
p¼ 0.002) and pre-index RA-related costs ($1332 vs
$1182; p¼ 0.041) than non-switchers.

Table 1. Pre-index characteristics of switchers and non-switchers.

First-Line bDMARD Patients Second-Line bDMARD Patients

Variables Switchers Non-Switchers p Value Switchers Non-Switchers p Value

N 765 (7.8%) 8992 (92.1%) – 300 (13.8%) 1874 (86.2%) –
Age (mean) 53 55 50.001 54 54 0.559
Gender 0.058 0.307

Male 20.8% 23.8% 17.3 19.9
Female 79.2% 76.2% 82.7 80.1

Charlson (mean) 1.4 1.4 0.231 1.4 1.4 0.922
Pre-Index Hospitalization 9.5% 7.2% 0.015 8.7 7.8 0.625
Pre-Index Costs $1025 $796 50.001 $2173 $1856 0.002
Pre-Index RA Costs $183 $185 0.376 $1332 $1182 0.041

Journal of Medical Economics Volume 17, Number 4 April 2014

262 Real world switching of bDMARDs in RA Meissner et al. www.informahealthcare.com/jme ! 2014 Informa UK Ltd



Mean time to switch for second-line switchers was
138 days. Monthly post-switch costs were $1340 higher
compared to the post-index costs of non-switchers
($3956–$2616; p50.001; Figure 2b). Cost breakdown
by type of service is depicted in Appendix Table A2b.
In a Gamma regression for monthly total healthcare
cost post-switch costs of switchers was 43% higher than
post-index costs of non-switchers (p50.001, Appendix
Table A3b).

Of the second-line bDMARD cohort, 16.7% of adali-
mumab, 14.4% of etanercept, 14.3% of infliximab,
and 8.0% of abatacept patients switched to
another bDMARD (Figure 3b). Logistic regression
(Appendix Table A4b) determined that second-line
abatacept patients had lower odds of switching compared
to the anti-TNF patients combined (OR¼ 0.45; 95%
CI¼ 0.32, 0.65). Approximately 77% of second-line

etanercept and adalimumab switchers switched to
another anti-TNF, compared to 35.7% of infliximab
users (Figure 4b).

Discussion

This retrospective database analysis demonstrates the eco-
nomic burden associated with switching of bDMARD
agents in RA. Switchers have different characteristics
than non-switchers at baseline, namely higher co-morbid-
ity scores and higher total healthcare costs, which
indicates a population with worse overall health status.
However, even when controlling for baseline factors,
switchers still cost more in the post-index period. The
differences in costs were driven primarily by bDMARD
costs; however, RA and non-RA related medical costs
were elevated as well. Increased RA-related outpatient

(a)

(b)

M
on

th
ly

 H
ea

lth
 C

ar
e 

Co
st

s

$796
$1025*

$2343

$3759*

0

500

1000

1500

2000

2500

3000

3500

4000

Non switchers Switchers Non switchers Switchers

Other
Biologics
Medical RA

Post-indexPre-index

*p<0.05 compared to non-switchers;
**Post-index costs for switchers were post-switch costs

$1856
$2173*

$2616

$3956*

0

500

1000

1500

2000

2500

3000

3500

4000

Non switchers Switchers Non switchers Switchers

Other

Biologics
Medical RA

Pre-index Post-index

M
on

th
ly

 H
ea

lth
 C

ar
e 

Co
st

s

Figure 2. Mean monthly total healthcare costs of (a) first-line cohort and
(b) second-line cohort. *p50.05 compared to non-switchers; **Post-
index costs for switchers were post-switch costs.
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Figure 3. bDMARD switch rates in (a) first-line cohort (*p50.05 compared
to abatacept; abatacept n¼ 582, adalimumab n¼ 2526, etanercept
n¼ 4268, infliximab n¼ 2381) and (b) second-line cohort (*p50.05
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etanercept n¼ 487, infliximab n¼ 391).
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costs might be related to increased physician visits needed
when switching to a new medication. However, without
clinical data it is difficult to know why non-RA inpatient
and outpatient costs were increased. This may be related to
the overall health status of the switch population or due to
adverse events. Further research is warranted to determine
the clinical factors that impact the difference in costs of
the switcher vs non-switcher populations.

This analysis also determined switch rates of the study
bDMARDs and demonstrated a decreased likelihood of
switching with abatacept compared with adalimumab, eta-
nercept, and infliximab. There are a few recent studies that
looked at switch rates of bDMARDs in the US; however,
these focused primarily on anti-TNF agents. Bonafede
et al.11 examined treatment patterns with first-line anti-
TNF agents in a commercial claims database and found
that 13%, 12%, and 13% of etanercept, adalimumab, and
infliximab patients, respectively, switched to another
bDMARD within 1 year. The authors also found that
the majority of the patients who switched went to another
anti-TNF agent. Another claims data study by Ogale

et al.12 found that for first-line anti-TNF agents (adalimu-
mab, etanercept, and infliximab), the percentage of
patients who switched ranged from 12.0% (etanercept)
to 15.4% (adalimumab) within 1 year. For subsequent-
line anti-TNFs, switching ranged from 22.4% (infliximab)
to 38.2% (adalimumab). For the non-anti-TNF therapies,
23.4% switched from abatacept and 17.5% switched from
rituximab at some point during the follow-up year13.
Switch rates from both these studies were higher than
those reported in the current study. This may be partly
due to the fact that the definition of switch used in both
these studies was different; switch was defined as any
change in bDMARD (regardless of treatment gap)
within 1 year. When applying similar criteria to the cur-
rent study, the switch rates were as follows: abatacept
7.3%, adalimumab 14.6%, etanercept 13.7%, and inflixi-
mab 9.5% for first-line cohort, and abatacept 14.1%, ada-
limumab 24.5%, etanercept 21.0%, and infliximab 19.5%
for second-line cohort. Thus, the results for the first-line
cohort reported here are more consistent with the
Bonafede et al. and Ogale et al. studies. Results for the
second-line cohort are still a little lower than what was
reported in the Ogale et al. study, however it must be noted
that the Ogale et al. study looked at a ‘subsequent-line’
population, who may have already been on a third or
fourth biologic, and, therefore, more likely to switch.

The current study identifies a population of patients
who switch first or second-line bDMARD within a year
1 period and determines the real world economic implica-
tions of switching. Beyond the economic impact of switch-
ing, there may also be clinical implications, at least among
those that switch within class between the anti-TNF
agents. In a study of a large registry of patients with RA,
Greenberg et al.13 found that response, remission, and per-
sistence were diminished for patients who switched to
their second or third anti-TNF compared to those on
their first anti-TNF.

There are a number of limitations to this study. No
clinical data are available within claims data to understand
the rationale for the bDMARD switch, therefore it cannot
be determined if certain reasons for switch (e.g. an adverse
event) led to more costs and differential switch rates com-
pared to others. Secondly, this study looked at IV abatacept
and three commonly prescribed anti-TNFs but did not
consider other bDMARD agents or the subcutaneous
(SC) formulation of abatacept. Certolizumab and golimu-
mab are relatively new anti-TNFs and, therefore, had a
very small sample size in the claims data used in this ana-
lysis. Rituximab and tocilizumab, two non-anti-TNFs,
were not indicated for first-line use at the time of analysis
and had minimal ‘switch-to’ data available, therefore they
were not included in this study. There were no claims data
available on SC abatacept at the time of analysis and,
therefore, it could not be considered in the current study.
Further analysis of more recent claims data would allow for

94.8%
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Figure 4. TNF-TNF switch rates in (a) first-line cohort and (b) second-line
cohort. TNF-TNF switch is defined as those patients that switch from one
TNF to another, i.e., from etanercept, adalimumab, or infliximab to either
etanercept, adalimimab, or infliximab. Abatacept was not included
considering 100% of Abatacept switches would be to a bDMARD with a
different mechanism of action.
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inclusion of the newer agents to determine how their avail-
ability as additional treatment options has impacted rates
of switching. In addition, no co-payment, socioeconomic
(i.e., income), or benefit design variables were available to
understand if co-payments or co-insurance relative to
income level influenced the switching rates.

Conclusion

This study demonstrates that patients with RA who
subsequently switch their bDMARD have significantly
higher total healthcare costs at baseline and significantly
higher total healthcare costs after switching compared
to patients who do not switch. This is true for both first-
and second-line bDMARD populations, with even higher
total healthcare costs post-switch in patients that switch
from their second to third bDMARD. As a first-line or
second-line agent, abatacept treatment resulted in less
frequent switching relative to etanercept, adalimumab,
and infliximab. This research highlights the need to iden-
tify patients who are likely to switch and the reasons to
switch to ensure they receive the appropriate therapy
which may improve outcomes and decrease healthcare
costs.
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