
ABSTRACT
Objective: To estimate dose escalation patterns among rheu-
matoid arthritis (RA) patients newly treated with adalimumab, 
etanercept, or infl iximab in clinical practices, and the association 
of dose escalation with clinical outcomes and costs.

Study Design: Retrospective cohort study using claims data and 
linked medical records.

Methods: Dosing information was evaluated for RA patients 
initiating treatment with adalimumab, etanercept, or infl iximab 
from January 1, 2006, to May 31, 2008, and continuing treatment 
for 1 year; outcomes include percentages of patients with dose 
escalation and total costs for tumor necrosis factor (TNF) blockers. 
Clinical information was reviewed by rheumatologists, who as-
signed clinical change scores from baseline until the visit closest 
to 1 year after index date. Logistic regressions, adjusted for base-
line patient characteristics, compared dose escalation rates and 
clinical responses among medication cohorts. Costs were analyzed 
descriptively using t tests to examine differences between cohorts.

Results: Of 1495 patients who met selection criteria, 334 had 
scored medical records. Etanercept had the lowest percentage 
of patients with dose escalation (1.7% vs 9.5% of adalimumab 
patients [P <.001] and 50.3% of infl iximab patients [P <.001]). 
Among etanercept patients with scored medical records, 85% were 
rated as “much better/better” versus 81% of adalimumab patients 
(P = .387) and 77% of infl iximab patients (P = .111). Etanercept 
patients incurred lower mean TNF blocker costs ($21,821) than 
adalimumab ($23,117; P <.001) and infl iximab ($23,561; P = 
.001) patients. 

Conclusions: Etanercept was associated with lower dose escala-
tion rates, similar clinical change scores, and lower TNF blocker 
costs than adalimumab and infl iximab. 
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R heumatoid arthritis (RA), an autoimmune disease 

affecting approximately 1% of the US population,1

is characterized by chronic, persistent synovial in-

fl ammation, cartilage loss, bone erosions in peripheral joints,2 

and a wide array of multisystem comorbidities.3 Ea rly, effec-

tive therapy is needed to manage this chronic progressive 

disease.3 For moderate to severe RA patients, 3 of the most 

common tumor necrosis factor (TNF) blockers (adalimumab, 

etanercept, and infl iximab) have been shown to be effective 

in managing this disease,4-7 with response rates of up to 70% 

in treatment groups of randomized clinical trials.8 

E tanercept is a recombinant human soluble TNF-receptor 

protein; adalimumab and infl iximab are anti-TNF monoclo-

nal antibodies. Doses of these medications recommended by 

the US Food and Drug Administration for the treatment of 

RA are adalimumab 40 mg every other week, with the option 

of increasing to 40 mg/week9; etanercept 50 mg/week10; and  

infl iximab 3 mg/kg at weeks 0, 2, and 6 and then every 8 

weeks thereafter, with the option of increasing the dose to 

10 mg/kg or the frequency to every 4 weeks.11

Numerous US and European studies have shown higher 

dose escalation rates among patients treated with infl ix-

imab and adalimumab than among those treated with etan-

ercept.8,12-21   However, no published US studies have taken 

clinical outcomes into account while examining dosing pat-

terns and costs of TNF blockers in clinical practice. Dose 

escalation is associated with higher drug treatment costs13,14,22

and greater risk for adverse events such as infections and 

infusion reactions,23-25 but the clinical benefi t of dose escala-

tion in treatment groups may be limited12 or unsustained.8

By evaluating the association of dose escalation with clin-

ical outcomes and TNF blocker costs among patients with 

moderate to severe RA treated with adalimumab, etanercept, 

or infl iximab in community-based US practice, this study ad-

dresses a gap in comparative effectiveness research, poten-

tially providing useful information to US payers. 

Practical Implications   SP15

Author Information   SP21

Full text and PDF   www.ajpblive.com

Web exclusive   eAppendix

Comparative Effectiveness of TNF Blockers 
in Rheumatoid Arthritis Patients

Benjamin Chastek, MS; Stuart D. Segal, MD; R. Peter Bonafede, MD; Crystal Watson, MS; Laura Becker, MS; 
Sandeep Chaudhari, MS; David J. Harrison, PhD; and Shravanthi R. Gandra, PhD, MBA 

At a Glance

SP14  The American Journal of Pharmacy Benefi ts • November 2013                                                                                                                        www.ajpblive.com  The American Journal of Pharmacy Benefi ts • November 2013                                                                                                                        



P R A C T I C A L  I M P L I C A T I O N S

This study supports earlier research on the comparative effectiveness of
tumor necrosis factor (TNF) blockers in rheumatoid arthritis (RA) patients, 
but is unique in utilizing both clinical outcomes data from US clinical prac-
tices and actual drug utilization data from claims.

� Increased costs resulting from TNF blocker dose escalation may not 
always be accompanied by an improvement in clinical benefi t. 

� In the current comparative effectiveness research paradigm, understand-
ing the clinical benefi t gained from additional cost is critical to payers.

� Among RA patients newly treated with adalimumab, etanercept, or infl ix-
imab, lower dose escalation rates and costs were seen with etanercept. 
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MATERIALS AND METHODS
Study Design and Data Sources

This study was a retrospective claims analysis de-

signed to evaluate utilization, dosing, and cost informa-

tion for eligible patients and a medical record review 

to evaluate clinical outcomes for a population subset. 

Claims and enrollment data were obtained from a large, 

nationally representative US-managed healthcare plan 

affi liated with OptumInsight. In 2009, this plan covered 

about 13 million patients with medical and pharmacy 

benefi ts. 

For a subpopulation, medical records linked to claims 

data (which included physician notes, radiographic 

reports, laboratory reports, and patient-completed as-

sessments) were obtained from providers. These were 

reviewed by independent rheumatologists to identify pa-

tients’ clinical outcomes. Physician participation in provid-

ing medical record data was voluntary. Medical records 

were accessed in accordance with protocols compliant 

with the Health Insurance Portability and Accountabil-

ity Act. Following institutional review board and health 

plan approval, de-identifi ed medical records for eligible 

patients were obtained by a fi rm specializing in medical 

record abstraction. 

Practicing rheumatologists developed an algorithm to 

determine patients’ clinical response, or clinical change 

score, based on the criteria used by the American Col-

lege of Rheumatology,26 the World Health Organization/

International League of Associations for Rheumatology,27 

 and disease activity measures commonly used in clini-

cal trials. The rheumatologists assigned a score to each 

chart based on changes from baseline (visit before or on 

the day treatment started) in 6 key RA-related outcomes: 

patient’s joint pain, patient’s global assessment, synovi-

tis, other (morning stiffness, fatigue, physician’s global 

assessment, or radiographic reports), laboratory values, 

and functional assessment measures that were available 

in the chart. Patients had to have at least 1 key RA-related 

outcome over time that could be scored; missing mea-

sures were considered equivalent to “no change.” Each 

de-identifi ed medical record was reviewed and scored 

by 2 independent pairs of rheumatologists from different 

geographic areas. Each pair assigned a clinical change 

score based on a 5-category response scale: “much bet-

ter,” “better,” “no change,” “worse,” and “much worse.” 

The fi nal clinical change score was derived by overall 

clinical judgment based on the key RA-related outcomes 

available in the medical records. If the rheumatologist 

pairs assigned different overall clinical change scores, 

they discussed them and agreed upon a fi nal score. 

If they were unable to reach agreement, a third pair of 

rheumatologists reviewed the medical record and deter-

mined the fi nal score. 

Patient Identifi cation
Biologic-naïve RA patients initiating treatment with 

adalimumab, etanercept, or infl iximab between January 1, 

2006, and May 31, 2008, were identifi ed from claims. The 

date of the fi rst fi ll/infusion for the study medication was 

defi ned as the index date. To be included in the study, 

patients had to meet these criteria: (1) RA diagnosis (Inter-

national Classifi cation of Diseases, Ninth Revision, Clinical 

Modifi cation [ICD-9-CM] code 714.xx) in any position on 

medical claims during the preindex period, defi ned as 6 

months preceding the index date; (2) continuous treatment 

(defi ned as suffi cient fi lls or administrations of the index 

TNF blocker such that patients had been on treatment for 

at least 60% of their postindex period and had at least 1 

prescription or infusion for the same TNF blocker in 3 of 

the 4 quarters) with the TNF blocker on the index claim for 

12 months following the index date (postindex period); (3) 

age between 18 and 64 years as of the index date (cost data 

among patients aged more than 65 years are likely to be 

incomplete due to coordination of benefi ts with Medicare; 

therefore, these patients were excluded); and (4) continu-

ous plan enrollment with medical and pharmacy benefi ts 

for 6 months before and 12 months after the index date. 

Patients were excluded if they met any of these crite-

ria: (1) had any biologic agent indicated for RA (Appendix 
A) during the preindex period; (2) had a diagnosis code 

for psoriasis (ICD-9-CM code 696.0), psoriatic arthritis 

(code 696.1), ankylosing spondylitis (code 720.0), Crohn’s 

disease (code 555.xx), ulcerative colitis (code 556.x), hu-

man immunodefi ciency virus/acquired immunodefi ciency 

syndrome (codes 042xx, V08xx), or cancer (codes 140xx-

172xx, 174xx-208xx) in any position at any time during 
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the study; (3) received any investigational drug or another 

nonindex TNF blocker or participated in an interventional 

trial at any time during the study; or (4) for adalimumab 

and etanercept patients, did not take their fi rst 2 fi lls as 

prescribed (ie, gap between fi lls was 30% longer than days 

of supply); for infl iximab patients, did not receive their 

maintenance infusion as recommended (ie, gap between 

the third and fourth infusions was more than 73 days). For 

criterion 4, the percentage was identifi ed to correspond 

with the 30% increase required by the defi nition for a dose 

escalation, and 73 days is 30% more than 56 days, which is 

the expected time between infusions.

Patient Selection for Medical Record Abstraction 
Medical records of patients who met selection criteria 

and whose physicians were willing to provide medical 

records were included in the fi nal medical record abstrac-

tion study subpopulation. Patients had to have a visit to a 

rheumatologist or TNF blocker prescriber within 1 year ± 

3 months after the index date; rheumatologists were tar-

geted since they were considered most likely to record RA 

outcomes. 

Observation Periods
The observation period was 12 months after patients’ 

index date for claims-based outcomes (dose escalation 

and cost). Patients in the medical record abstraction sub-

population had their clinical assessment identifi ed as the 

visit closest to 1 year postindex (ie, 9-15 months postin-

dex), since patients may not have visited their physician 

exactly 1 year after initiating treatment.

Study Outcomes
The primary study outcome was the proportion of 

RA patients in each medication cohort with at least 1 

postindex escalation. For patients receiving adalimumab 

or etanercept, the maintenance dose was defi ned as the 

mean of the average daily doses (ADDs) for the fi rst 2 fi lls. 

The ADD was calculated as total number of milligrams 

received in the fi rst 2 fi lls divided by number of days from 

the fi rst until the third fi ll. For patients receiving infl ix-

imab, the maintenance dose was defi ned as the ADD of 

the third infusion, calculated as total number of milligrams 

received on the third infusion divided by number of days 

between the third and fourth infusions.

One-year dose escalation rates were compared among 

the cohorts using 3 defi nitions: 

• Two or more instances: 2 or more consecutive 

claims after the maintenance dose, each with 

an ADD that was at least 30% greater than the 

maintenance dose.

 • Average dose: average of all ADDs after the 

maintenance dose was at least 30% greater than 

the maintenance dose.

 • Higher than minimum labeled dose: 2 or more 

consecutive claims with an ADD that was at 

least 30% greater than the minimum labeled 

ADD. The minimum labeled dose was 2.86 mg/

day for adalimumab and 7.14 mg/day for etaner-

cept. Because infl iximab dosing is weight based 

and claims data do not contain patient weight, 

the minimum labeled ADD for patients taking 

infl iximab was determined as total number of 

milligrams received in the fi rst infusion divided 

by 56 days. Infl iximab escalation patterns were 

examined starting with the third infusion.

Additional outcomes include 1-year TNF blocker costs 

from claims and clinical change scores from medical 

records, both stratifi ed by medication cohort.

Analytic Strategy
Patient characteristics were analyzed descriptively. 

Differences were examined using the χ2 test for categori-

cal variables and analysis of variance for continuous vari-

ables. All patient characteristics were compared between 

patients with and without medical record data to assess 

the extent to which the medical record sample was rep-

resentative of the claims sample. 

Dose Escalation Analysis
Comparisons of percentages of patients with dose es-

calation were conducted between each pair of cohorts 

using a χ2 test. The impact of treatment group (etanercept 

as reference group) on dose escalation was analyzed 

with a logistic regression model. All logistic regression 

analyses were adjusted for age; sex; comorbidity score; 

region of plan enrollment; baseline nonsteroid anti

-infl ammatory drug, corticosteroid, and disease-modify-

ing antirheumatic drug use; and index provider specialty. 

Dose escalation sensitivity analyses were performed by 

raising the 30% threshold to a 40% higher ADD com-

pared with the maintenance dose or minimum labeled 

dosing. 

Clinical Response Analysis
Clinical response was analyzed by treatment cohort 

using the overall clinical change score from baseline to 
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the 1-year visit as determined by rheumatologists. Clinical 

change score categories were collapsed into percentages 

of patients who achieved “much better/better” versus “no 

change/worse/much worse.” Rheumatologists viewed 

“no change” as a worsening of the patient’s condition, 

since the patient was receiving treatment that could po-

tentially cause side effects without conferring any benefi t. 

Statistical signifi cance was tested using a χ2 test and logis-

tic regression analysis. 

Cost Analysis
Total TNF blocker costs were calculated for each patient 

by multiplying the observed dose by the 2011 September 

wholesale acquisition cost ($896.35 for adalimumab 40 

mg, $452.44 for etanercept 50 mg, $710.12 for infl iximab 

100 mg) and were analyzed descriptively by cohort. Based 

on claims data, intravenous administration costs for in-

fl iximab were based on the assumption of 2 hours per 

infusion. Using the June 2011 Medicare Physician Fee 

Schedule, infusion fees for the initial hour ($146.44) and 1 

subsequent hour ($31.26) were applied to each infl iximab 

infusion and added to infl iximab drug costs. Within 

drug cohorts, comparisons were made between patients 

who had a dose escalation and those who did not. 

RESULTS
Sample Selection and Attrition 

The fi nal sample size was 1495 patients; of those, 1161 

were in the claims-only population (claims data group) 

and 334 had claims data and a scored medical record 

with suffi cient data to examine overall TNF blocker clini-

cal change score (medical record data group) (Table 1; 
Appendix B). Adalimumab users represented 31.8% of the 

patients (n = 476); etanercept users, 44.7% (n = 668); and 

infl iximab users, 23.5% (n = 351). 

Patient Demographic and Clinical Characteristics
The mean (standard deviation [SD]) ages of the claims 

data and scored medical record groups were 48.2 (10.6) 

and 50.0 (9.6) years, respectively (P = .003) (Table 1). The 

infl iximab cohort had a signifi cantly higher mean (SD) 

age (50.1 [9.6] years) than the adalimumab cohort (48.6 

[10.2] years; P = .038) and the etanercept cohort (47.8 

[10.9] years; P <.001) (Appendix C). 

Table 1. Patient Demographic and Clinical Characteristics (Claims Only Versus Scored Medical Record)

Characteristics
Total 

(N = 1495)
Claims Population 

(n = 1161)
Abstracted and Scored 

(n = 334)  P

Age, y, mean (SD) 48.58 (10.42) 48.17 (10.60) 50.01 (9.64) .003

Sex, n (%)

  Male 365 (24.41) 285 (24.55) 80 (23.95) .823

  Female 1130 (75.59) 876 (75.45) 254 (76.05) .823

Region, n (%)

  Northeast 113 (7.56) 93 (8.01) 20 (5.99) .218

  Midwest 351 (23.48) 256 (22.05) 95 (28.44) .015

  South 779 (52.11) 619 (53.32) 160 (47.90) .081

  West 252 (16.86) 193 (16.62) 59 (17.66) .654

Physician specialty, n (%)

  Rheumatologist 1206 (80.67) 907 (78.12) 299 (89.52) <.001

  Internist/general practitioner 99 (6.62) 65 (5.60) 34 (10.18) .003

  Orthopedic surgeon 2 (0.13) 2 (0.17) 0 (0.00) .448

  Physical therapy/rehabilitation 4 (0.27) 4 (0.34) 0 (0.00) .283

  Other 184 (12.31) 183 (15.76) 1 (0.30) <.001

Deyo Charlson Comorbidity Index score, n (%)

  0 40 (2.68) 32 (2.76) 8 (2.40) .719

  1 1147 (76.72) 884 (76.14) 263 (78.74) .322

  2 235 (15.72) 187 (16.11) 48 (14.37) .443

  3 57 (3.81) 44 (3.79) 13 (3.89) .931

  4+ 16 (1.07) 14 (1.21) 2 (0.60) .342

SD indicates standard deviation.
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Dose Escalation 
Across all defi nitions, etanercept users were signifi cantly 

less likely to have a dose escalation compared with adali-

mumab and infl iximab users (P <.05) (Figure 1, Appendix 
D). Using the defi nition of the greater-than-minimum la-

beled dose, 1.7% of etanercept patients had a dose esca-

lation versus 9.5% of adalimumab patients (P <.001) and 

50.3% of infl iximab patients (P <.001). Sensitivity analysis 

using the 40% threshold revealed similar results, with 0.5% 

of etanercept, 8.2% of adalimumab (P <.001), and 40.0% 

of infl iximab (P <.001) patients having a dose escalation. 

In logistic regression analysis, using the defi nition of 

the greater-than-minimum labeled dose, patients treated 

with adalimumab (odds ratio [OR] = 6.440; P <.001) or 

infl iximab (OR = 66.385; P <.001) were more likely to 

experience a dose escalation than patients treated with 

etanercept (Table 2). Baseline disease-modifying an-

tirheumatic drug use was also signifi cantly associated 

with less likelihood of a dose escalation (OR = 0.606; P 

= .034). No other independent variables were associated 

with statistically signifi cant differences. 

Clinical Response
There were no signifi cant differences in clinical change 

scores among treatment groups 1 year after TNF blocker 

initiation. (For measurement of the clinical change score, 

1 year actually varied by patient from 9 to 15 months.) 

Among etanercept patients with a scored medical re-

cord (n = 134), 85.1% were “much better/better” (95% 

confi dence interval [CI], 77.9-90.6) versus 80.9% of adali-

mumab patients (n = 110; 95% CI, 72.3-87.8; P = .387) and 

76.7% of infl iximab patients (n = 90; 95% CI, 66.6-84.9; 

P = .111). Figure 2 shows no signifi cant differences in the 

percentages of dose escalators versus non–dose escala-

tors who experienced improvement. Although the differ-

ence was not statistically signifi cant, etanercept patients 

had the highest response rate.

Improvements in clinical change score among patients 

with medical record data, as determined by logistic re-

gression analysis, are shown in Table 2. Adalimumab pa-

tients (OR = 0.635; P = .212) and infl iximab patients (OR 

= 0.509; P = .101) had similar odds of being classifi ed as 

“better/much better” compared with etanercept patients. 

No other variables were signifi cantly associated with im-

provement in clinical response, including any dose esca-

lation (OR = 0.997; P = .994).

Cost Analysis
Etanercept dose escalators had 2% higher TNF block-

er costs compared with non–dose escalators (P = .027); 

adalimumab escalators had 35% higher costs compared 

with non–dose escalators (P <.001); and infl iximab es-

calators had 44% higher costs compared with non–dose 

escalators (P <.001) (Figure 3). Infl iximab patients (n 

= 350) had a mean (SD]) infusion count of 8.3 (1.5), 

with an average infl iximab administration cost of $1485 

($267) per patient, which was 6.7% of the total infl iximab 

drug cost. 
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Figure 1. Dose Escalation Rates, Stratifi ed by Medication Cohort
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DISCUSSION
The combined administrative claims and medical re-

cord data in this study provide detailed information on 

dosing patterns in the routine clinical setting, as well as 

on associated clinical outcomes and treatment costs. Such 

data provide key information for payers making formu-

lary decisions. This study is unique in that it contains both 

clinical outcomes data and actual drug utilization data 

from US clinical practices across 3 RA treatment cohorts. 

The key fi nding of this study is that although patients 

on etanercept were signifi cantly less likely to have a 

dose escalation compared with patients on adalimum-

ab or infl iximab, no statistically signifi cant difference 

in the percentage of patients achieving clinical benefi t 

was detected between treatment groups or between 

dose escalators and non–dose escalators, as ascertained 

by rheumatologists for the medical record subpopula-

tion. Dose escalations did, however, lead to higher TNF 

blocker costs. 

The fi nding that dose escalation rates are higher among 

adalimumab and infl iximab users than among etanercept 

users is consistent with previous research.8,12-21 In previ-

ous studies of all 3 agents, the dose escalation pattern 

was similar to that in the present study, although differ-

ent treatment periods were investigated and different op-

erational defi nitions of dose escalation were used. The 

lowest proportion of patients with a dose escalation was 

found in the etanercept cohort (range, 1%-10%), followed 

by the adalimumab cohort (range, 8%-34%).14-17,20,21 The 

greatest proportion was in the infl iximab cohort (range, 

17%-35%).14-17,21,26

Despite the higher rates of dose escalation observed                    

among adalimumab and infl iximab users compared with 

etanercept users in this study, the percentages of patients 

achieving clinical benefi t were similar for the 3 groups. 

Furthermore, there was no signifi cant difference in the 

percentage of patients achieving clinical benefi t between 

dose escalators and non–dose escalators within any treat-

ment cohort. In 2 European studies comparing all 3 TNF-

blocking agents in RA patients, higher dose escalation rates 

were observed among adalimumab and infl iximab users 

than etanercept users, but changes in disease activity were 

similar.8,12

In this study, dose escalators had higher therapy costs 

across all 3 treatment cohorts. This relationship between 

dose escalation and higher costs is consistent with that 

observed in previous studies.14,15 When Moots and col-

leagues12 and Gilbert and colleagues18 compared TNF 

blocker dose escalators with non–dose escalators, RA-

related costs were found to increase signifi cantly only for 

patients treated with infl iximab or adalimumab.

In the current paradigm of comparative effectiveness 

research, understanding the clinical benefi t gained for ad-

ditional cost is critical to payers. 

Study Limitations
Limitations associated with administrative claims data 

are well recognized. Claims data are collected for the 

purpose of payment and not research, and are subject to 

possible errors. Presence of a claim for a fi lled prescrip-

tion does not necessarily indicate that the medication was 

taken as prescribed. 

In a responder analysis, a differential dropout rate is 

a potential bias. The exclusion of patients not on con-

tinuous index TNF blocker treatment limits the gener-

alizability of the results. However, results from Khanna 

and colleagues28 in the same data set show that dropout 

rates were similar across adalimumab, etanercept, and 

infl iximab cohorts within the fi rst 12 months of initiating 

biologic treatment.

The study population consisted of RA patients 

newly treated with a biologic TNF blocker who were 

Table 2. Multivariable Analysis of Dose Escalation and Improvement in Clinical Response (Logistic Regression)

Dose Escalation (>30% Minimum Labeled Dose)a Improvement in Clinical Responseb

Treatment Cohort Odds Ratio P Odds Ratio  P

Adalimumab                   6.440 <.001 0.635             .212

Infl iximab                 66.385 <.001 0.509 .101

Etanercept (reference) — — — —

aFor dose escalation, the following independent variables did not show statistical signifi cance at the P <.05 level: age, sex, baseline Deyo Charlson Comorbidity Index score, geographic 
region, any baseline use of nonsteroidal anti-infl ammatory drugs, any baseline corticosteroid use, and index provider specialty. Baseline use of disease-modifying antirheumatic drugs 
was statistically signifi cant (odds ratio = 0.606; P = .034). There were 1494 observations.
bFor improvement in clinical response, the following independent variables did not show statistical signifi cance at the P <.05 level: dose escalation, age, sex, baseline Deyo Charlson 
Comorbidity Index score, geographic region, any baseline use of nonsteroidal anti-infl ammatory drugs, any baseline corticosteroid use, any baseline use of disease-modifying antirheu-
matic drugs, and index provider specialty. There were 334 observations.
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Figure 2. Percentages of Patients Rated as “Much Better” or “Better,” Stratifi ed by Medication Cohort (Dose Escalators 
Versus Non–Dose Escalators)a

Figure 3. TNF Blocker Costs Incurred by Dose Escalators Versus Non-Dose Escalators, Stratifi ed by Medication Cohorta
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cAmong non–dose escalators, 606 patients received etanercept (total annual mean dose 2407 mg); 405 patients received adalimumab (total annual mean dose 980 mg); and 160 
patients received infl iximab (total annual mean dose 2486 mg). The mean number of infusions for infl iximab was 7.63.
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continuously enrolled in a commercial health plan; 

therefore, results may not be generalizable to other 

study populations such as Medicare patients or unin-

sured populations. 

Since there is no uniform requirement for physicians’ 

recording of information in medical records, this process 

of data collection was associated with missing and in-

complete information, and considerable variation was 

observed in the way information was recorded (ie, differ-

ent key outcomes were missing from different records). 

Patients without enough clinical information to evaluate 

clinical change (eg, fewer than 3 assessments or no key 

clinical outcome measures) were excluded from medical 

record analysis. Patients with medical record data for any 

of the 3 treatments might have had better access to spe-

cialty care or more severe RA than the claims population, 

because rheumatologists might have been more likely to 

record key clinical outcomes for these patients. Reasons 

for choosing a particular TNF blocker were not captured, 

and specifi c disease or patient characteristics that might 

have infl uenced response to therapy were unknown. 

Reasons for dose escalation were not indicated on most 

medical records. Information on TNF blockers could not 

be blinded, since it was within all aspects of the medical 

record information (eg, infusion or dosing information). 

We attempted to minimize these limitations in the medi-

cal record data by having multiple rheumatologists (at 

least 4) review the medical records, make the clinical as-

sessment, and agree on fi nal scoring. 

Although we controlled for variables in the multivari-

ate analyses that were available in the claims data, certain 

information such as response rates and disease severity 

were not indicated on claims and therefore could not be 

analyzed as confounders. 
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       n eAppendix A. Codes for Biologic Agents  

Medication HCPCS Codes NDC Codes 

Abatacept J0129 00003218710 

Adalimumab J0135 
00074379902, 00074433906, 00074433902, 00074937402, 

54569552400, 54868482200 

Anakinra   55513017701, 55513017707, 55513017728 

Alefacept J0215 
00469002103, 00469002104, 59627002001, 59627002002, 

59627002103, 59627002104 

Efalizumab S0162 50242005801, 50242005804 

Etanercept J1438 

54868478200, 58406044501, 58406044504, 54868544400, 

58406043501, 58406043504, 58406044501, 58406044504, 

58406045501, 58406045504, 58406042534, 58406042541 

Infliximab J1745 57894003001 

Rituximab J9310 50242005121, 50242005306 

 

     HCPCS indicates Healthcare Common Procedure Coding System; NDC, National Drug Code.
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n eAppendix B. Sample Selection and Attrition 

No. (%) 

Step  Total Etanercept Adalimumab Infliximab 

Keep patients with >1 filled 

prescription/infusion for index 

medication from January 1, 2006, 

to May 31, 2008 

43,967 (100) 22,889 

(52.06a) 

9778 (22.24a) 11,300 

(25.70) 

Remove patients taking more than 

1 TNF blocker on index date 

43,967 (100) 22,889 (100) 9778 (100) 11,300 

(100) 

Keep patients with RA diagnosis 

(in any position) in 6-month 

preindex period 

18,555 

(42.20) 

8882 (38.80) 5153 (52.70) 4520 

(40.00) 

Remove patients <18 years of age 18,183 

(41.36) 

8571 (37.45) 5116 (52.32) 4496 

(39.79) 

Remove patients with a preindex 

fill for adalimumab, etanercept, or 

infliximab 

10,311 

(23.45) 

4934 (21.56) 3309 (33.84) 2068 

(18.30) 

Keep patients continuously 

enrolled during 6-month preindex 

and 12-month postindex periods 

5164 (11.75) 2437 (10.65) 1698 (17.37) 1029 (9.11) 

Remove patients with a diagnosis 

of psoriasis, psoriatic arthritis, 

ankylosing spondylitis, Crohn’s 

disease or ulcerative colitis during 

preindex and postindex periods 

4200 (9.55) 2026 (8.85) 1369 (14.00) 805 (7.12) 

Remove patients with a diagnosis 

of HIV/cancer during preindex and 

postindex periods 

3994 (9.08) 1930 (8.43) 1302 (13.32) 762 (6.74) 
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Remove patients with prior 

exposure to any biologic agent 

(abatacept, alefacept, efalizumab, 

rituximab, or anakinra) indicated 

for RA during preindex period 

3958 (9.00) 1920 (8.39) 1292 (13.21) 746 (6.60) 

Remove patients with evidence of 

a preindex medical claim for 

etanercept or adalimumab 

indicated for RA 

3954 (8.99) 1917 (8.38) 1291 (13.20) 746 (6.60) 

Remove patients with evidence of 

a preindex pharmacy claim for 

infliximab indicated for RA 

3952 (8.99) 1917 (8.38) 1291 (13.20) 744 (6.58) 

Remove patients with batch billing 

for infliximab 

3873 (8.81) 1914 (8.36) 1286 (13.15) 673 (5.96) 

Keep patients with MPR >60% of 

their postindex periods and ≥1fill/ 

infusion for the same TNF blocker 

in 3 of 4 quarters 

2095 (4.76) 956 (4.18) 695 (7.11) 444 (3.93) 

During medical record review, 

remove patients with prior TNF-

blocker use, no RA diagnosis, pre-

existing condition, or involvement 

in a clinical trial 

2039 (4.64) 930 (4.06) 677 (6.92) 432 (3.82) 

Remove patients with 

adalimumab, etanercept, or 

infliximab (other than index 

medication) during first 9 months 

of postindex period 

1994 (4.54) 907 (3.96) 666 (6.81) 421 (3.73) 
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Remove patients who had a cost of 

$0 for all biologic TNF blockers 

filled/infused postindex 

1993 (4.53) 907 (3.96) 666 (6.81) 420 (3.72) 

Identify patients with longer 

maintenance dose (for 

adalimumab and etanercept 

patients: observed days between 

fill 1 and fill 3 30% longer than 

days of supply for maintenance 

fill; and for infliximab patients: 

days between fill 1 and 

maintenance infusion 30% longer 

than 8 weeks [56 days]) 

1609 (3.66) 715 (31.24) 501 (5.12) 393 (3.48) 

Remove patients aged 65 years or 

older 

1495 (3.40) 668 (2.9) 476 (2.92) 351 (3.11) 

 
HIV indicates human immunodeficiency virus; MPR, medication possession ratio; RA, 

rheumatoid arthritis; TNF, tumor necrosis factor. 
aRow percent. 
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n eAppendix C. Patient Demographic and Clinical Characteristics, Stratified by Medication Cohort 

Characteristics 

Etanercept 

(n = 668) 

Adalimumab 

(n = 476) 

Infliximab 

(n = 351) 

P Value for 

Etanercept vs 

Adalimumab 

P Value for 

Etanercept vs 

Infliximab 

P Value for 

Adalimumab vs 

Infliximab 

 Mean SD Mean SD Mean SD    

Age, y 47.80 10.92 48.60 10.20 50.05 9.58 .210 <.001 .038 

 No. % No. % No. %    

Sex          

Male 154 23.05 128 26.89 83 23.65 .138 .831 .290 

Female 514 76.95 348 73.11 268 76.35 .138 .831 .290 

Region          

Northeast 56 8.38 34 7.14 23 6.55 .442 .299 .741 

Midwest 130 19.46 124 26.05 97 27.64 .008 .003 .611 

South 363 54.34 239 50.21 177 50.43 .168 .234 .951 

West 119 17.81 79 16.60 54 15.38 .592 .326 .639 

Physician specialty          

Rheumatologist 532 79.64 358 75.21 316 90.03 .076 <.001 <.001 

Internist/general 

practitioner 

37 5.54 40 8.40 22 6.27 .057 .636 .249 

Orthopedic surgeon 2 0.30 0 0.00 0 0.00 .232 .305 … 
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Physical 

therapy/rehabilitation 

2 0.30 2 0.42 0 0.00 .733 .305 .224 

Other 95 14.22 76 15.97 13 3.70 .415 <.001 <.001 

Deyo Charlson 

Comorbidity Index 

         

0 18 2.69 19 3.99 3 0.85 .222 .049 .006 

1 510 76.35 360 75.63 277 78.92 .779 .353 .267 

2 107 16.02 77 16.18 51 14.53 .943 .533 .518 

3 23 3.44 18 3.78 16 4.56 .762 .378 .578 

4+ 10 1.50 2 0.42 4 1.14 .078 .641 .228 

 

SD indicates standard deviation. 
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n eAppendix D. Percentages of Patients Who Escalated Their Dose by 30% and 40% of the Average Daily Dose, Stratified by 

Medication Cohort 

[Au: 1) Verify that table is all right as edited. 2) Define what is meant by “Valid No.”] 

Etanercept 

(n = 668) 

Adalimumab 

(n = 476) 

Infliximab 

(n = 351) 

Dose Escalation 

Valid 

No. No. % 

Valid 

No. No. % 

Valid 

No. No. % 

P Value for 

Etanercept vs 

Adalimumab 

P Value for 

Etanercept vs 

Infliximab 

P Value for 

Adalimumab vs 

Infliximab 

 30% of ADD             

 Definition 1: ≥2 

instancesa 

611 41 6.71 442 47 10.63 345 121 35.07 .023 <.001 <.001 

 Definition 2: 

average doseb 

611 32 5.24 442 39 8.82 345 109 31.59 .022 <.001 <.001 

 Definition 3: 

more than the 

minimum dosec 

668 11 1.65 476 45 9.45 350 176 50.29 <.001 <.001 <.001 

40% of ADD             

 Definition 1: ≥2 

instancesa 

611 19 3.11 442 37 8.37 345 93 26.96 <.001 <.001 <.001 
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Definition 2: 

average doseb 

611 23 3.76 442 34 7.69 345 80 23.19 .005 <.001 <.001 

 Definition 3: 

more than the 

minimum dosec 

668 3 0.45 476 39 8.19 350 140 40.00 <.001 <.001 <.001 

ADD indicates average daily dose. 

aAt least 2 consecutive claims after the maintenance dose, each with an ADD that was at least 30% greater than the ADD of the 

maintenance dose.  

bAverage of all ADDs after the maintenance dose was at least 30% greater than the ADD of the calculated maintenance dose.  

cAt least 2 consecutive claims with an ADD that is at least 30% greater than the minimum recommended ADD.  

 

 


