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Changing Patterns of Tumor Necrosis Factor Inhibitor
Use in 9074 Patients with Rheumatoid Arthritis
YUSUFYAZICI, SVETLANA KRASNOKUTSKY, JAIME P. BARNES, PATRICIA L. HINES, JASON WANG,
and LISA ROSENBLATT

ABSTRACT. Objective. Patients with rheumatoid arthritis (RA) commonly switch between tumor necrosis factor
(TNF) inhibitors after failing to control disease activity. Much of the clinical data that support
switching to a second TNF agent when one agent fails to work has come from small, short-term stud-
ies. We utilized a US insurance claims database to determine patterns of use such as dose escalation,
time to discontinuation, and switching between TNF inhibitors in patients with RA.
Methods.A retrospective analysis was performed using an insurance claims database in the US from
2000 to 2005. TNF inhibitor use, time to switch, dose escalation, and continuation times were ana-
lyzed in patients with RA.
Results. Nine thousand seventy-four patients with RA started TNF inhibitors during the period 2000
to 2005. Etanercept was the most commonly used TNF inhibitor; infliximab had the highest dura-
tion of continuation, about 50% at 2 years. In addition, infliximab showed higher rates of dose esca-
lation compared to etanercept and adalimumab. For all TNF inhibitors, time to switching decreased
from 2000 to 2005.
Conclusion. TNF inhibitor use patterns changed from 2000 to 2005, with more frequent changes
among the different TNF inhibitors and a shorter duration of treatment before the change. Only about
50% of TNF inhibitors are still continued at 2 years, reflecting the difference between randomized
clinical trials and real-world experience. (First Release April 1 2009; J Rheumatol 2009;36:907–13;
doi:10.3899/jrheum.080592)
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Tumor necrosis factor-α (TNF-α) is a central cytokine in the
pathogenesis of rheumatoid arthritis (RA). The use of
anti-TNF therapies has significantly improved the treatment
of signs and symptoms of RA and retardation of radiographic
progression1. Currently, 3 anti-TNF agents are approved for
the treatment of RA: etanercept, infliximab, and adalimum-
ab. Although these 3 drugs target TNF, each has distinct
structures and differences in dosing, pharmacokinetics, bind-
ing, and mechanisms of action1. The recommended dose of
etanercept for RA is 25 mg twice weekly or 50 mg given sub-
cutaneously per week, whereas infliximab and adalimumab
have flexible dosing. Infliximab maintenance dose is 3
mg/kg intravenously every 8 weeks but may be adjusted up
to 10 mg/kg every 4 weeks as needed. Adalimumab dose is
40 mg every 2 weeks, which may be increased to 40 mg
every week if needed.
Most treatment decisions in RA care are based on data

obtained from randomized clinical trials (RCT). However,
the limitations of RCT (e.g., the study of selected popula-
tions and short study durations) necessitate data from
“real-world” patients to fully determine the role of medica-
tions, including disease modifying antirheumatic drugs
(DMARD) in the treatment of RA2.
Patients who do not respond, stop responding, or have

adverse events with one anti-TNF agent are often switched
to another agent. These treatment changes continue in clini-
cal practice despite the lack of controlled studies that may
substantiate the benefits of switching. One survey revealed
that over 94% of practicing rheumatologists in the US
reported switching from one TNF inhibitor to another due to
inadequate response or side effects3. Several other small
studies4,5 and 2 large prospective cohort studies6,7 support
and cast doubt on the practice of switching among anti-TNF
agents. Further, some recent data suggest that if patients stop
treatment with a TNF antagonist due to an adverse event,
rather than loss of efficacy or no response at all, the chances
of the second TNF antagonist being effective may be
increased6-8. Much of the data support switching to a second
TNF agent after failure of another agent; however, these
results have been reported mostly in small, short-term stud-
ies that have focused on efficacy outcomes, not TNF
inhibitor survival in the “real-world”9-13.
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In order to study real-world treatment patterns in the US,
we used an insurance claims database to analyze patterns of
use of anti-TNF inhibitors, such as dose escalation, switch-
ing between agents, and time to discontinuation among
9074 new patients with RA who were started on a TNF
inhibitor. This report evaluates the largest cohort to date of
patients with RA treated with a TNF inhibitor.

MATERIALS AND METHODS
A retrospective analysis was performed on 2 cohorts using the PharMetrics
managed-care integrated insurance claims database. The PharMetrics data-
base consists of claims data from over 90 managed-care organizations,
covering more than 50 million patients. These database records are gener-
ally representative of the national, commercially insured population in
terms of age, sex, and type of health plan.

Patients were included in Cohort 1 if (1) they had a prior RA diagnosis
(International Classification of Diseases-9-CM 714.XX) and initiated TNF
inhibitor treatment between January 1, 2000, and July 1, 2005; and (2) they
had plan eligibility for 3 months prior to and a minimum of 6 months fol-
lowing the index date. TNF inhibitor treatments were identified by the
National Drug Code (NDC; agent obtained through a pharmacy) or
Healthcare Common Procedure Coding System J-code (agent obtained and
administered in a medical setting) entered on a claim. The index date was
defined as the first TNF antagonist claim between January 1, 2000, and July
1, 2005. Eligible patients were followed through the end of continuously
eligible claims. Incident cohorts were defined by year of first TNF claim.
Treatment persistence (continuation) was defined as days of continuous
therapy from the date of first TNF claim. Patients were considered to be
persistent until the end of the eligible claims (i.e., censored) until a 30-day
treatment gap after exhaustion of the previous prescribed supply, or until
switching treatment.

A treatment pattern analysis was also performed on Cohort 2, a sub-
sidiary cohort using the 2003 to 2005 patient extract. This approach helped
to facilitate the inclusion of all 3 TNF inhibitors, for adalimumab had not
been available until 2003. The date of the first TNF antagonist claim with
prior RA diagnosis from January 1, 2003, to July 1, 2005, was defined as
the index date. Patients were followed through the end of continuously eli-
gible claims to examine treatment patterns. The same persistence definition
as above was also applied in this analysis. An additional analysis using
Cohort 2 examined the incidence of increased medication use or “dose
escalation.” Dose escalation was defined as an increase in dose at each
administration, an increased frequency of drug administration, or both.
When there was a dose increase and frequency decrease or dose decrease
and frequency increase, the information was considered undetermined, for
the final dose used by the patient was unclear. Since administrative claims
for infusions given in a medical setting do not provide information on dose
or quantity given, a change in the total charge of infusion by approximate
average charge per vial (US $500 for infliximab, US $150 for etanercept,
based on distribution of charged amounts in the data) or more was used to
define dose increase or decrease. The assumption was that this
increase/decrease in charge corresponded to an increase/decrease in num-
ber of vials at that infusion. All adalimumab and most etanercept claims
retrieved for the cohorts were pharmacy-based (i.e., NDC-identified dose
and the “quantity dispensed” fields were populated); no approximation
using charges was needed for these cases.

For the switching pattern analysis, a subgroup of patients from Cohort
2 was included with plan eligibility for 3 months prior to the index date and
a minimum of 18 months of available claims post-index date. Treatment
and switch patterns of TNF inhibitors were examined by descriptive analy-
sis, including days on the initial medication, number of patients who
switched medications, and time to first switch. Medication persistence by
index medication and by year of index was examined using Kaplan-Meier
curves. Further, treatment patterns of TNF inhibitors by year of index were
described.

All statistical analyses were performed using SAS v8.2. Rank statistics
(i.e., median) were reported as the commonly accepted method for handling
censored data.

RESULTS
TNF inhibitor use and duration of treatment patterns. In
Cohort 1, 9074 patients with RA started TNF antagonists
from 2000 to 2005. Mean age was 48.2 (± 12.5) years, and
74% were female (Table 1). For the entire cohort, etanercept
was the most commonly prescribed initial TNF antagonist;
4643 (51.2%) patients were started on etanercept. A total of
1365 (15.0%) patients were treated with adalimumab and
3066 (33.8%) patients were given infliximab. Table 2 shows
the trend in TNF prescription and time to switching patterns
for each year from 2000 to 2004 (partial-year data from
2005 show similar trends).
For Cohort 2, when 3 TNF inhibitors were commercially

available, 6070 patients started taking an anti-TNF: 3073
(50.6%) patients started etanercept, 1632 (26.9%) inflix-
imab, and 1365 (22.5%) adalimumab.
For Cohort 1 (i.e., the entire study population), inflix-

imab had the highest percentage of continuation, yet only
50% of patients were still on treatment after 2 years (Figure
1). A similar pattern was observed for Cohort 2, where
infliximab had the highest percentage of continuation
(Figure 2). During the time period when adalimumab was
not available, patients tended to continue infliximab longer
than other TNF agents, but the duration on treatment was
decreased for both etanercept and infliximab (Figure 3).

TNF inhibitor dose escalation patterns. Table 3 shows the
patterns of dose and interval change for each TNF inhibitor
for Cohort 2. For both etanercept and adalimumab, more
than 60% of patients remained on the initial dose at the orig-
inal frequency. For etanercept patients, 38% changed their
dosing schedule but remained on the same overall dose,
whereas 18% of adalimumab patients had an actual increase
in dose. Among infliximab-treated patients, close to 40%
increased either the infusion frequency or the dose of each
infusion, or both. Only 27% of infliximab-treated patients
continued the initial starting doses; close to 25% decreased
their doses.

TNF inhibitor switching patterns. The 18-month subanaly-
sis of Cohort 2 included 4620 patients (mean age 48.1 ±
12.0 yrs, females 75%). Table 4 shows the trends of TNF
inhibitor use and switching patterns. Patients were adminis-
tered infliximab longer than etanercept or adalimumab
(median 464 days on infliximab, 347.5 days on etanercept,
365 days on adalimumab; p < 0.0001), and fewer patients
switched from infliximab to another agent (10.0%, versus
12.5% for etanercept and 15.1% for adalimumab; p <
0.0001). Of the patients who switched, infliximab-treated
patients had a longer time to switch than both etanercept and
adalimumab users. Most etanercept patients who switched
TNF inhibitors switched to adalimumab (8.1%, versus 4.5%
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to infliximab; p < 0.0001), and most patients taking adali-
mumab switched to etanercept (11.4%, versus 3.6% to
infliximab; p < 0.0001). Patients were equally distributed
when switching from infliximab to either etanercept or adal-
imumab (4.3% and 5.7%, respectively; p = 0.1188).

DISCUSSION
Our data show several trends in TNF inhibitor use that
developed from 2000 to 2005. Etanercept was the most com-
monly prescribed TNF inhibitor before 2003, and despite
subsequent availability of adalimumab it retained that dis-
tinction at least until 2005 (end of study period). Concerning

persistency, more patients with RA continued infliximab
compared to etanercept or adalimumab. However, continua-
tion rates for all TNF inhibitors were well below those
reported in RCT14-16. A trend toward quicker switching
between TNF inhibitors was observed with time, along with
shorter treatment durations on any of the agents. Users of
injectable TNF inhibitor appeared to switch more common-
ly to other injectable TNF inhibitors rather than intra-
venously infused infliximab.
Another observation was that most patients treated with

etanercept and adalimumab continued the initial starting
doses. However, 40% of the infliximab-treated patients had
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Table 1. Baseline characteristics, 2000–2005.

Characteristic

Mean age at index, yrs; n, mean (SD)
All patients* 9005 49 (11.97)
ETA 4585 47 (12.247)
ADA 1365 49 (9.977)
IFX 3055 50 (12.102)
Sex, n (%) Female Male
All patients** 6720 (74.06) 2353 (25.93)
ETA 3415 (73.55) 1228 (26.45)
ADA 1050 (76.92) 315 (23.08)
IFX** 2255 (73.55) 810 (26.42)
Patients per index year, n (%) 2000 2001 2002 2003 2004 2005
All patients 695 (7.66) 1126 (12.41) 1183 (13.04) 2881 (31.75) 2698 (29.73) 491 (5.41)
ETA 568 (12.23) 555 (11.95) 447 (9.63) 1558 (33.56) 1326 (28.56) 189 (4.07)
ADA 0 (0) 0 (0) 0 (0) 552 (40.44) 666 (48.79) 147 (10.77)
IFX 127 (4.14) 571 (18.62) 736 (24.01) 771 (25.15) 706 (23.03) 155 (5.06)
Region at index, n (%) East coast Mid-West South Central West Coast
All patients 2185 (24.08) 3719 (40.99) 2597 (28.62) 573 (6.31)
ETA 1099 (23.67) 1929 (41.55) 1292 (27.83) 323 (6.96)
ADA 408 (29.89) 549 (40.22) 324 (23.74) 84 (6.15)
IFX 678 (22.11) 1241 (40.48) 981 (32) 166 (5.41)
Payer type at index, n (%) Commercial Medicare Risk Medicare Gap Other***
All patients 7338 (81.1) 504 (5.57) 11 (0.12) 1190 (13.15)
ETA 3777 (81.61) 188 (4.06) 2 (0.04) 661 (14.28)
ADA 1203 (88.59) 26 (1.91) 0 (0) 129 (9.5)
IFX 2358 (77.13) 290 (9.49) 9 (0.29) 400 (13.08)

* 69 patients had unevaluable birthdates. ** Sex of 1 patient was unknown. *** Includes Medicaid, self-insured,
and unknown. ETA: etanercept, IFX: infliximab, ADA: adalimumab.

Table 2. Patterns of use and duration taking anti-TNF medications. Data are median days (75th–25th percentiles).

2000, 2001, 2002, 2003, 2004, p
n = 695 n = 1126 n = 1183 n = 2881 n = 2698

Etanercept
Time on 1st TNF (total cohort) 560 (899.5–224) 410 (680–213) 341 (752–154) 436 (656.5–166.5) 212 (335–89) < 0.0001
Time to switch 381 (635.5–190) 244 (553–68) 156 (370–93.5) 156 (307–68) 113 (167–40) < 0.0001
Infliximab
Time on 1st TNF (total cohort) 483 (793–209) 469 (770–240) 343 (858.5–197) 581 (775–217) 328 (455–184) < 0.0001
Time to switch 253 (631–103) 482 (723–186) 244 (395–150) 203 (341–88) 154 (239–98) 0.02
Adalimumab
Time on 1st TNF (total cohort) * * * 371 (670–131) 280 (397.5–148) < 0.0001
Time to switch * * * 136 (266–43) 97 (197–62) 0.02
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a dose escalation, with only 27% still taking starting doses
of infliximab. This may partially explain why patients tend-
ed to stay on infliximab longer — they were able to receive
increased dose and/or frequency of infusion (as per label) if
additional efficacy was needed, rather than switching to
another agent. Frequent dose escalation in users of inflix-
imab has important implications, given the drug and admin-
istration costs associated with more medication use. The

reasons for these dose changes need to be elaborated further
in other large cohort studies, along with the cost-effective-
ness of using infliximab when dose escalation occurs.
Another reason patients may have been more persistent is

that infliximab is an infusible agent, which requires regular
physician followup (4–8 weeks) for administration. Seeing a
physician regularly may encourage a patient to remain on
their regimen. Other infusible agents not available during
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Figure 1. Continuation on the initial TNF inhibitor during 2000-2005. Persistence taking infliximab was sig-
nificantly different from persistence on etanercept or adalimumab. Persistence on each of the 3 anti-TNF
inhibitors was significantly different from the others (p = 0.0007).

Figure 2. Continuation on the initial TNF inhibitor during 2003-2005. Persistence taking infliximab was sig-
nificantly different from persistence on etanercept or adalimumab.
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the study period (abatacept, rituximab) are now indicated for
RA. It would be worthwhile to investigate whether these
infusible agents also have better persistency than the subcu-
taneous injections.
One strength of this report is that the time period and

sample size examined are greater than in most published
reports regarding TNF inhibitor use. A shortcoming of uti-
lizing insurance claims databases is that substantiated evi-
dence for discontinuation, switching, or dose escalation pat-
terns does not exist or is not available. In addition, current
information about patient disease characteristics does not

examine concurrent DMARD use; thus, no recommenda-
tions can be made with regard to individual patients or the
disease activity level at which these changes should be initi-
ated. This notion is an important consideration for everyday
practice. The robust numbers of patients over our 5-year
study period, however, revealed some trends in TNF
inhibitor use. These data should be used as hypothesis-gen-
erating, rather than as reporting firm conclusions.
A separate study of compliance and dosage administra-

tion found that patients taking infliximab were more com-
pliant than those taking etanercept, but that etanercept had
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Figure 3. Comparison of time to first switch of therapy before and after adalimumab availability. Differences were
not significant.

Table 3. Patterns of dose/frequency change 2003–2005.

Initial Drug N Frequency (Interval)/ N (%) Median Days to First Frequency (interval)/
Dose Change, (interval)/Dose Change Dose Escalation
mg dose (75th–25th %)

Etanercept 2404 Constant dose 1500 (62.40) No
25 twice weekly→50 once weekly 823 (34.23) 464 (644–314) No
50 once weekly→25 twice weekly 81 (3.37) 167 (307–69) No

Adalimumab 963 Constant dose 698 (72.48) No
Frequency increase (every other 171 (17.76) 162 (290–84) Yes

wk→once weekly)
Frequency decrease (once weekly→ 94 (9.76) 107 (197–56) Νο

every other wk)
Infliximab 1253 Constant dose, interval decrease 177 (14.13) 158 (207–133) Yes

Dose increase, interval decrease 71 (5.67) 152 (196–139) Yes
Dose increase, constant interval 232 (18.52) 155 (202–146) Yes
Constant dose, constant interval 334 (26.66) No
Constant dose, interval increase 217 (17.32) 180 (252–133) No
Dose decrease, constant interval 62 (4.95) 153.5 (165–126) No
Dose decrease, interval increase 26 (2.08) 161.5 (225–126) No
Dose decrease, interval decrease 44 (3.51) 176.5 (251.5–140) Yes/No
Dose increase, interval increase 90 (7.18) 140 (175–117) Yes/No
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fewer changes in dosage17. This study also found that
patients taking infliximab tended to be older and have more
comorbidities (and higher pre-index medical costs),
although it was not established how these differences may
have affected results. In our study population, mean age for
each anti-TNF was similar (47, 49, and 50 years for etancer-
cept, adalimumab, and infliximab, respectively), so that age
was unlikely to have an effect on outcomes.
In addition, 9% of patients taking infliximab had

Medicare coverage, compared with 4% taking etanercept
and 2% taking adalimumab. While the proportion of inflix-
imab patients with Medicare was greater than for the sub-
cutaneous drugs, this proportion was still small relative to
the commercially-covered infliximab population (77%), and
therefore was not likely to have a large influence on overall
treatment patterns. The study by Harley, et al had 31.9% of
patients on Medicare, but they did not establish a relation-
ship between insurance coverage and compliance17. It is, of
course, possible and even likely that different plan restric-
tions and benefit designs would have an influence on treat-
ment patterns and persistency. However, the plans in the
PharMetrics database are anonymous, and benefit designs
are not included with the data.
Because this study was descriptive, the authors did not

examine comorbidities; however, we can see from Harley, et
al that it was difficult to make a connection between comor-
bidities and compliance. It is possible, however, that
increased age or comorbidities, which some may translate
into more severe RA or RA of longer duration, would result
in increased persistency due to determination to alleviate
symptoms. This concept would need further study.
The overall trends from the data in our analysis may have

several explanations. First, increased expectations on the
part of the patient or the physician could play a role in cre-
ating impatience when immediate results are not seen with
a given anti-TNF inhibitor. The success that has been
achieved in the treatment of RA over the last 10 to 15 years
and results from clinical trials may have increased such
expectations. Second, the changing type of patient being
considered for TNF therapies may be part of the explana-

tion. Initially, TNF inhibitors were reserved for patients
who had failed multiple DMARD, and they were seen as
last-chance options. This may have led patients to continue
taking agents longer than has been seen over the last 2 to 3
years. When TNF inhibitors are being used earlier in the
course of disease, patients may be more determined to try
other options if a treatment is not effective. In addition,
having more options may trigger a faster switching
response, as also observed after adalimumab became avail-
able for use.
In this analysis, the patients in the database who started

taking infliximab tended to persist on this medication longer
than they did on etanercept or adalimumab. The reasons for
this persistence are not clear, as discussed. Previous studies
have shown results mostly in favor of etanercept, which
demonstrated longer survival times than other TNF
inhibitors18-20. However, these studies were conducted in
Europe. Two were prospective studies with clinical pro-
grams18,20, which may have encouraged patients to be more
persistent due to more structured followup. The third was a
chart review design19 with 442 patients (309 RA patients)
from one hospital. Our study used US insurance claims data,
which is a larger source of patient data and may be more
generalizable to the US population. It is possible that the
shortage of etanercept in the US from late 2000 to early
2003 may have had an effect on persistency early in the
study (the proportion of etanercept patients that started in
2000-2002 was less than for 2003-2004; Table 1). On the
other hand, the fact that approximately 10% of etanercept
patients were able to initiate the drug during each shortage
year would suggest that patients already taking the drug dur-
ing those years were not forced to discontinue therapy.
TNF inhibitor use patterns are changing with time, with

more frequent changes and shorter duration of treatment
before the change. In addition, dose escalation is frequent
with infliximab, which may have important financial reper-
cussions. Further research needs to be conducted to deter-
mine if these trends remain constant with the availability of
newer biologic treatment options, and how these newer
treatments influence the treatment algorithm.
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Table 4. Patterns of TNF switching and time to switch 2003–2005.

Initial Drug N (total) Median Days on First Switch N (%) Median Days to
Initial Drug First Switch

(75th–25th %), Total Cohort (75th–25th %)

Etanercept 2404 347.5 (578–158.5) No Switch 2103 (87.48) 388 (606–187)
Adalimumab 194 (8.07) 151.5 (280–70)
Infliximab 107 (4.45) 127 (291–64)

Adalimumab 963 365 (569–143) No Switch 818 (84.94) 412 (607–184)
Etanercept 110 (11.42) 114 (232–55)
Infliximab 35 (3.63) 141 (243–70)

Infliximab 1253 464 (693–210) No Switch 1128 (90.02) 504.5 (718–231)
Etanercept 54 (4.31) 145 (307–74)
Adalimumab 71 (5.67) 185 (330–88)
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