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Abstract
Objectives

To evaluate prevalence of dose escalation among RA patients in normal clinical practice treated with etanercept, 
adalimumab or infliximab and to estimate its economic impact.

Methods
A retrospective observational study of 739 patients with RA receiving continuous treatment with etanercept (n=319), 

adalimumab (n=313) or infliximab (n=107) for 18 months. Dose escalation, intensification of concomitant DMARDs and 
risk of dose escalation were evaluated, as well as costs.

Results
Significantly more patients prescribed adalimumab (10%, p<0.001) or infliximab (35%, p<0.001) experienced dose 

escalation compared with patients treated with etanercept (3%). DMARD or steroid dose adjustment, when added as cri-
teria of escalation, occurred more often among patients treated with adalimumab (28%; p=0.022) or infliximab (47%; 

p<0.001) than those prescribed etanercept (19%). Independent of confounding covariates, hazard of dose escalation was 
significantly higher for either infliximab (28.1-fold) or adalimumab (4.9-fold) relative to etanercept. Escalation among 

subjects treated with either infliximab or adalimumab incurred statistically significant increases in total cost of care 
compared with non-escalators whereas such differences observed for subjects treated with etanercept were not significant.

Conclusions
Patients receiving monoclonal antibody therapies, adalimumab or infliximab, had significantly higher rates of dose 

escalation than patients receiving the soluble TNF receptor, etanercept, and related costs were higher.
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Introduction
Rheumatoid arthritis (RA) is a chronic 
progressive inflammatory disease affect-
ing approximately 1% of adults (1). Be-
cause it is a progressive disease, patients 
with RA require effective early therapy 
to inhibit disease progression followed 
by long-term management with an ef-
fective and well-tolerated treatment 
regimen. The anti-tumour necrosis fac-
tor (TNF) agents, etanercept, inflixi-
mab, and adalimumab have been shown 
to be effective early and throughout the 
course of the disease (2-5).
Although infliximab, adalimumab 
and etanercept all target and neutral-
ise TNF-α, there are structural differ-
ences among these agents; etanercept 
is a recombinant human soluble TNF 
receptor protein (6), and infliximab and 
adalimumab are anti-TNF monoclonal 
antibodies (2, 3). These differences 
in molecular structure may result in 
pharmacologic differences including 
immunogenicity profiles (7). Immuno-
genicity and subsequent development 
of anti-drug antibodies (8) is one of 
the contributing factors leading to loss 
of satisfactory therapeutic response 
(9-11). Infliximab, adalimumab and 
etanercept are all associated with pro-
duction of antibodies although to dif-
fering degrees and with differing ef-
fects on therapeutic efficacy (8, 12, 13). 
In studies of infliximab, 29 to 61% of 
patients had anti-infliximab antibodies 
after one year of therapy (14-16). Adal-
imumab appears to be less immunogen-
ic; cumulative incidence ranged from 6 
to 17% (8, 17, 18). Although etanercept 
also elicits anti-etanercept antibodies, 
occurring in about 5% of patients, they 
are non-neutralising (12, 19). Previ-
ous studies have demonstrated that 
serum antibodies against infliximab or 
adalimumab are associated with either 
clinical non-response (17) or dose-es-
calation to maintain clinical response 
(13). However, dose escalation leads to 
increases in drug treatment costs, pa-
tient inconvenience and risk of adverse 
events (20, 21).
Previous European studies evaluat-
ing loss of efficacy and need for dose 
adjustments in patients with RA were 
generally single country or site studies 
and were mainly focused on infliximab 

(7, 9, 22-25). Several North American 
studies, mostly claims database reviews 
of infliximab use, have examined dose 
escalation (21, 24, 26-28). This latter 
group of studies do not afford an op-
portunity to examine either reasons or 
clinical outcomes of dose escalation. 
Specifically, it is not possible to iden-
tify whether differences in incidence of 
dose-escalation could be attributed to 
differences in disease severity. 
Although a number of studies have ex-
amined incidence of dose-escalation in 
various RA populations it is not known 
whether biologic response modifier 
(biologic), non-biologic disease-modi-
fying anti-rheumatic drug (DMARD) 
or steroid escalation is also required 
by subjects continuing treatment with 
anti-TNF agents for an extended period 
of time. It is also not known whether 
there are any systematic differences 
among the three anti-TNF agents in 
this population.
The DART (Drug utilisation and dosing 
patterns Assessment: a Retrospective 
observational study of subjects Treated 
for rheumatoid arthritis) study was de-
signed to evaluate the nature and extent 
of dose-escalation occurring among RA 
patients who have continued treatment 
with their first anti-TNF agent inflixi-
mab, adalimumab or etanercept for at 
least 12 months and followed up for an 
additional 6 months.  In a recent sup-
plement, a high-level summary of 12-
month results was reported (29). Here 
we present complete 18-month results. 
The retrospective observational study 
was conducted in five European coun-
tries in which patients were recruited 
consecutively. It provides insight into 
comparative incidence of biologic, 
DMARD and concomitant steroid es-
calation in routine clinical practice. The 
economic implications of dose escala-
tion are also considered.

Patients and methods
Patients
A review of medical records from con-
secutive eligible RA patients taking one 
of three biologics, etanercept, adalimu-
mab or infliximab, and who granted 
consent was undertaken in 44 centres 
in five European countries (France, 
UK, Germany, the Netherlands and 
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Italy). Medical charts were reviewed 
retrospectively for the 12–18 months 
after initiation of biologic therapy for 
all available demographics, clinical 
characteristics, drug dosing and fre-
quency of administration data. RA pa-
tients treated continuously with an ini-
tial biologic for at least 12 months be-
tween January 1, 2003 and December 
31, 2004 were eligible; those with any 
prior biologic therapy or suffering from 
another TNF-mediated illness (Crohn’s 
disease, psoriasis, psoriatic arthritis, 
ankylosing spondylitis) or terminal ill-
ness (HIV, cancer) were excluded as 
were patients receiving any investiga-
tional drug within 28 days of index date 
or throughout the study. The eligibility 
dates were chosen to ensure at least 18 
months of follow-up after initiation of 
anti-TNF agents. The requirement of 
continuous treatment with anti-TNF 
agents for 12 months ensured that study 
subjects were broadly similar in terms 
of clinical response. 
Due to differences in mode of drug ad-
ministration it was possible that differ-
ences in incidence of dose-escalation 
could potentially be attributed to tight-
er control due to infusion-related vis-
its. Therefore, all subjects in the study 
were required to have at least three of-
fice visits.
Selection bias was avoided by enroll-
ing successively treated subjects at 
each site. Written informed consent 
was obtained before each subject could 
participate in the study in accordance 
with relevant Institutional Ethics Com-
mittee and Institutional Review Boards. 
The study was conducted in accordance 
with guidelines for good clinical prac-
tice (GCP) and all applicable regula-
tory requirements, including the 1996 
version of the Declaration of Helsinki.

Endpoints
Endpoints included the proportion 
of patients requiring dose escalation 
in each treatment group at 12 and 18 
months. Dose escalation was defined 
as the first occurrence of any upward 
adjustment in dose or dosing frequency 
of each anti-TNF agent from the label-
indicated starting dose and unit of time 
(etanercept 25 mg bi-weekly or 50 mg 
once weekly; adalimumab 40 mg every 

other week; infliximab 3 mg/kg every 8 
weeks after the third infusion).
Alternative definitions of dose-escala-
tion included the proportion of patients 
who switched to a different biologic 
after the 12-month qualifying period, 
those who intensified DMARD or ster-
oid or both. DMARD intensification 
was defined as an increase in DMARD 
dose from baseline, addition of a new 
DMARD or switch to a new DMARD 
or a switch from oral to intravenous 
DMARD. Similarly, steroid intensifi-
cation was defined as addition of a new 
steroid or an increase in prednisolone 
dose equivalent by a level (low: ≤10mg/
day, medium 10.1 to 25 mg/day; high: 
>25mg/day) or a switch from oral to in-
travenous steroid.
The time ensuing before dose escala-
tion was estimated as was the impact 
of various clinical or demographic fac-
tors on dose escalation. Disease activ-
ity scores (DAS-28) were collected as 
available but pre- and post-escalation 
outcome data, including DAS-28, were 
sparse. Only DAS-28 observed data 
were evaluated.
Investigators were surveyed to deter-
mine if there were any budgetary, legal 
or other restrictions that limited their de-
cision to prescribe dose escalation and 
as to reasons behind those decisions. 
Economic analyses, performed from the 
third-party payer’s perspective, com-
prised RA-related medical resource uti-
lisation extrapolated to average annual 
per patient amounts and included: out-
patient visits, inpatient visits, surgical 
procedures, labs, diagnostics and medi-
cation costs. Annualised mean medi-
cation costs including administration 
were estimated for each cohort using 
published data in each country follow-
ing implementation of a non-parametric 
bootstrap test in cases of skewed data 
or violation of equality of variance as 
appropriate (30).
Multiplying resource use by unit prices 
yielded annualised mean costs for each 
cohort (Euros). Resource valuation for 
outpatient and inpatient visits and cost 
of drug administration were made with 
standardised unit costs from the Dutch 
manual for costing in economic evalu-
ations only in the absence of available 
data for individual countries and using 

appropriate purchasing power parity 
deflation (31). Skewed data or viola-
tion of equality of variance were dealt 
with as above (30).

Statistical methods
A two-group continuity corrected chi-
square test (2-sided α=0.05) was used to 
establish sample size such that the study 
would be amply powered on the basis of 
rates of dose escalation perceived from 
published and unpublished reports to 
detect differences in the proportion of 
escalators. Those escalation rates were 
predicted to be 5, 12 and 40 percent for 
etanercept, adalimumab and infliximab, 
respectively. A total of 735 patients, 
sought in a 3:3:1 etanercept:adalimumab:
infliximab ratio, were expected to have 
85% power to detect expected differ-
ences in escalation proportion between 
etanercept and adalimumab cohorts 
through sequential pair-wise compari-
sons and 99% power to detect the differ-
ence in escalation proportion between 
etanercept and infliximab cohorts.
Unless otherwise stated, all statistical 
tests were 2-sided tests performed at a 
significance level of 0.05 and were per-
formed with Statistical Analysis Sys-
tem (SAS) Version 8 software. In order 
to maintain an overall alpha of 0.05, 
the primary endpoint null hypothesis 
of no difference between treatment co-
horts in the proportion of subjects was 
tested sequentially. First, equal rate 
of dose-escalation in etanercept- and 
infliximab- treated was tested. Condi-
tional on this being rejected, equal rate 
of dose escalation in etanercept- and 
adalimumab groups was tested. All 
comparisons were prospectively proto-
col-specified.
Differences in subject characteristics 
among three cohorts were examined 
using Chi-square test for categorical 
variables and ANOVA model for con-
tinuous variables.
Investigator assigned reasons for dose-
escalation were tabulated and summa-
rised for each of the 3 cohorts. Multi-
variate determination of factors that 
were independently and significantly 
associated with time to dose-escala-
tion was estimated using a Cox pro-
portional hazards model to control for 
right censoring of data. This model 
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took into account treatment group, 
country, number of erosions at index 
date, Charlson comorbidity index, dis-
ease duration, and other measures for 
all available data points. Adherence to 
labelled dose over time was estimated 
using Kaplan-Meier (K-M) techniques 
of Cox proportional hazard regression 
modelling.

Results
As previously reported, 739 patients 
were studied, 319 receiving etaner-
cept, 313 receiving adalimumab, and 
107 receiving infliximab (Table I) (29). 
The three cohorts were well-balanced 
in terms of demographic and clinical 
characteristics. The patient population 
was predominantly female (79%), with 
a mean age of 59 years and disease 
duration of 15 years. At baseline, sub-
jects had highly active disease (DAS-
28=5.9). There were significant differ-
ences among cohorts for inpatient vis-
its, outpatient visits and disease-related 
laboratory tests. As shown in Figure 1, 
subjects in all 3 cohorts had similar im-
provement in disease activity as meas-
ured by DAS-28.
The significantly higher proportion of 
patients who received either adalimum-
ab or infliximab requiring dose escala-
tion over the 12-month period compared 
with patients treated with etanercept (29) 
was maintained through follow-up (Fig. 
2A). The number of patients requiring 
a switch of biologic or an increased 
dose of either infliximab (34.6%, n=37, 
p<0.001) or adalimumab (9.6%, n=30, 
p<0.001) was significantly higher over 
the period including follow-up to 18 
months compared with patients treated 
with etanercept (2.5%, n=8). Lack of or 
loss of adequate response was most of-
ten reported as the reason for escalation. 
Inadequate dose response was reported 
by 1% of patients in the etanercept 
group compared with 8% and 22% of 
patients in the adalimumab and inflixi-
mab groups, respectively.
The average magnitude of increase, 
among those whose prescription was 
augmented, is shown in Table II: etaner-
cept dose went from two to three 25-mg 
injections per week; adalimumab dose 
was increased by going from every oth-
er week to weekly 40-mg injections; and 

infliximab dose went from three to four 
mg/kg. Among subjects in each cohort 
whose dose increased, the net change 
from baseline in biologic drug use over 
the 12-month period was 50, 101.5 and 
30.6% for etanercept, adalimumab and 

infliximab, respectively (Table II). The 
average magnitude of increase during 
follow-up was lower than during the 
12-month period for etanercept; that 
for the other two cohorts was basically 
the same.

Table I. Baseline characteristics of the three study cohorts*.

Mean characteristics Etanercept Adalimumab Infliximab p-value‡ 
 (n=319)†  (n=313)†  (n=107)† 

DAS-28 (0–10) 5.7 (208) 5.9 (212) 5.9  (74) 0.099
Inpatient visits§ 0.55 (313) 0.36 (302) 0.66  0.007
Outpatient visits§ 4.6 (313) 4.9 (302) 5.2  0.018
Joint aspiration/injections§ 0.6  0.5 (311) 0.6  0.946
Physiotherapy§ 0.9  0.2 (311) 0  0.250
RA-related diagnostics§ 2.3  2.3 (311) 2.2  0.141
RA-related labs§ 18.1 (318) 18.8 (311) 23.0  0.005

DAS-28: Disease Activity Score; RA: rheumatoid arthritis; *Details of age, gender, disease duration 
and severity and treatment available in Moots, 2009 (29); †(n) refers to number of subjects with valid 
data at baseline; ‡p-value is for overall treatment comparisons. Continuous variables were analysed 
with a two-way ANOVA including treatment and country. Categorical variables were analysed with the 
Cochran-Mantel-Haenszel test controlling for country; §Annualised per patient per year rates based on 
6-month utilisation before biologic initiation.

Fig. 1. DAS-28 scores over time (observed cases)

Table II. Average magnitude of dose escalation during the 12-month study and 18-month 
follow-up periods. 
  
  Mean dose (dose escalators)*

  
  Etanercept Adalimumab Infliximab
  (mg qw) (mg q2w) (mg/kg q8w)

12-month study period Label 50 40 3.0
 Baseline 50 39.4 3.3
 Dose at escalation 75 78.7 4.3
 Percent change from baseline† 50 101.5 30.6

18-month follow-up period Dose at escalation 59.4 74.9 4.2
 Percent change from baseline† 18.8 91.2 29.5

*Etanercept mean dose was in mg/week; adalimumab mean dose was in mg/once every other week; 
infliximab mean dose was in mg/kg every 8 weeks after the third dose.
†Mean of % changes differs slightly from % change of means.
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Figure 2B shows the relative extent 
of dose escalation during 18 months 
when defined to comprise non-bio-
logic DMARD intensification as well 
as increased biologic dose. By this 
expanded definition, a higher propor-
tion of each cohort had dose augmen-
tation, however the relative difference 
between cohorts was quite constant 
(7–8% between etanercept and adali-
mumab groups; 32% between etaner-
cept and infliximab groups: Figure 2A 
vs. 2B). Significantly more patients 
treated with adalimumab (23%, n=71, 
p=0.010) or infliximab (47%, n=50, 
p<0.001) required an increase in bio-
logic or DMARD or addition of another 
DMARD than among patients treated 
with etanercept (14%, n=46).
An increase in biologic, DMARD or 
steroid dose or addition of another 
DMARD or steroid to the treatment 
regimen was also compared among 
cohorts over the study and follow-up 
periods (Fig. 2C). The gap between the 
proportion of patients requiring such 
dose adjustments again remained simi-
lar between cohorts and significantly 
more patients taking adalimumab 
(28%, n=88, p=0.022) or infliximab 
(47%, n=50, p<0.001) required such an 
adjustment during the 18-month period 
compared with those taking etanercept 
(19%, n=62).
Figure 3 shows the adherence to labelled 
dose for the treatment groups over time. 
The survival curves demonstrate that 
adherence to labelled dose was signifi-
cantly shorter for infliximab and adali-
mumab compared to etanercept  (log 
rank p<0.001 for both groups). By 100 
days into treatment, the three cohorts 
can be seen to diverge from each other 
in terms of proportion of patients re-
quiring escalation. The survival curves 
for infliximab and etanercept continued 
to diverge for the study duration, while 
separation between etanercept and adal-
imumab flattened out at approximately 
300 days.
A Cox proportional hazard model 
was used to estimate hazard of dose 
escalation according to several demo-
graphic and clinical characteristics as 
potentially contributing factors. For 
the 18-month study period, hazard of 
dose escalation relative to etanercept 

for adalimumab patients was 4.6 times 
higher (p<0.0001) and 26 times higher 
for infliximab patients (p<0.001). Only 
monotherapy at index date, which in-

creased hazard of escalation 2.2-fold 
(p=0.004) was otherwise significant.
To control for differences in treatment 
practice patterns, budgetary restrictions 

Fig. 2. Prevalence of dose escalation or adjustment among patients prescribed etanercept, adalimumab 
or infliximab 18 months after the index date. (A) Escalation of biologic; (B) Escalation of biologic 
or DMARD or addition of DMARD (C) Escalation of biologic or DMARD or steroid or addition of 
DMARD or steroid.
*p<0.001; †p=0.010; ‡p=0.022 relative to dose escalation in the etanercept group (chi-square).
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or treatment guidelines, a risk fac-
tor associated with sites in Germany, 
Italy, the Netherlands and the United 
Kingdom (UK) was incorporated into 
the model, using France as a reference 
country. Compared with France, pa-
tients treated in Italy showed a 2.5-fold 
hazard of escalation (p=0.005) and in 
Germany the hazard was 2.0 times as 
great (p=0.071). The hazard of escala-
tion among patients in the UK and the 
Netherlands was not significant relative 
to that in France. It should be noted that 
choosing France as a reference coun-
try was arbitrary but choice of another 
country as reference would not alter the 
finding that there were country-specific 
differences in incidence of dose-esca-
lation.
There were very few DAS-28 data in 
the charts for both pre- and post-esca-
lation. The scores were similar across 
the treatment groups but escalation had 
little if any effect on DAS-28: patients 
in the etanercept (3 of 8 escalators had 
pre- and post-escalation numbers) and 
adalimumab (13 of 30) had slight in-
creases in score; infliximab-treated 
patients (14 of 37) showed a slight de-
crease (Fig. 1).
As reported previously, total annual-
ised per patient medical costs accrued 
by the adalimumab cohort were signifi-
cantly higher than those of the etaner-

cept cohort; those of the infliximab co-
hort, marginally so (29). Furthermore, 
among subjects treated with either 
infliximab or adalimumab, there were 
statistically significant differences in 
total cost of care between subjects with 
dose escalation compared with non-es-
calators. Such differences observed for 
subjects treated with etanercept were 
not significant (Table III).

Discussion
This retrospective study was designed 
to establish the nature and extent of 
dose adjustment among patients treated 
for RA and continuing treatment with 
anti-TNF agents for at least 12 months. 
Indeed, the data provide further evi-
dence that etanercept, adalimumab, and 
infliximab are highly effective therapies 
and patients in all cohorts responded 

equally well to treatment, as has been 
seen in recent registry studies (32, 33). 
However, during the initial 12-month 
period of study as well as during the 6-
month follow-up period, a significantly 
higher proportion of patients receiv-
ing infliximab (35%) or adalimumab 
(9.6%) required an escalation of their 
anti-TNF dose to maintain effective-
ness compared with etanercept (2.5%: 
p<0.001). Statistically significant dif-
ferences among treatment groups were 
maintained when alternate definitions 
of dose adjustment were employed 
such as DMARD or steroid switches or 
intensification, biologic switches or 12- 
or 18-month weighted dose for study 
duration (data not shown) vs. label-rec-
ommended dose.
Although the study was retrospective 
in nature, cohorts were well balanced 

Fig. 3. Time to dose escalation among patients prescribed etanercept, adalimumab or infliximab over 18 months from the index date, estimated using the 
Kaplan-Meier techniques of Cox Proportional Hazard Regression Modelling.

Table III. Total cost of care per patient per year for subjects with dose escalation vs. non-
escalators.

 Etanercept Adalimumab Infliximab 
 (n=319)  (n=313)  (n=107)

Total cost of care for biologic dose escalators €17,773 €23,300 €17,153
Total cost of care for biologic non-escalators €15,507 €17,429 €15,028
Difference in total cost of care among €2,266 €5,872 €2,126  
   escalators and non-escalators (95% CI)* (-878 – 5,410) (3,862 – 7,882)† (411 – 3,840)†

*CI: confidence interval; Linear model used to compute mean difference and confidence interval of 
mean difference. †p<0.001 relative to the etanercept group (chi-square).
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in terms of demographic and clinical 
factors; thus our findings are relatively 
uninfluenced by known confound-
ers. Through Cox proportional hazard 
modelling we were able to demonstrate 
that disease duration, number of pre-
vious DMARDs, age, DAS-28 score, 
presence of erosive disease and other 
comorbidities did not alter the finding 
of differences in incidence of dose-
escalation among three cohorts. Our 
finding that initiation of monotherapy 
is associated with an increase in hazard 
for dose-escalation is similar to previ-
ous results reported by Breedveld and 
colleagues (4). In their study 25% of 
patients on adalimumab monotherapy 
underwent dosage escalation during 
year-1 as opposed to only 11% on adal-
imumab combination therapy.
Our results are consistent with previ-
ous reports in terms of the difference 
between biologics but the proportion of 
patients who underwent dose escalation 
was generally lower across the three co-
horts than in published studies. Where-
as 9.6% of patients in our adalimumab 
cohort required dose escalation, 18% 
of patients either on combination adali-
mumab methotrexate therapy (n=268) 
or monotherapy (n=274) followed 
during the PREMIER trial, required 
escalation (4). Studies of infliximab-
use generally reported higher propor-
tions of dose escalation than the 35% 
in our study, the exception being that 
of Durez et al. who reported that 22% 
of patients (n=482) required escalation 
at 22 weeks (9). In other reports (24, 
26, 27, 34), involving as many as 1324 
patients prescribed infliximab (27), the 
proportion of escalators ranged from 
35% (of 124 patients) (34)  to 62% (of 
394 patients) (27). Escalation among 
patients prescribed etanercept (2.5% in 
our study) was also higher among pa-
tients in previously published studies. 
A longitudinal claims data study in-
dicated escalation for 11% of patients 
prescribed etanercept (n=690, vs. 55% 
of 424 patients on infliximab) (20); an 
examination of costs to treat RA pa-
tients over age 65 reported escalation 
among 16% of 99 subjects on etaner-
cept (vs. 37% of those receiving inflixi-
mab; n=181) (35).
The overall lower incidence of escala-

tion across the three cohorts may be an 
effect of study design, which required 
that subjects remain on one biologic for 
at least 12 months. This implied that 
patients in the study were responding 
fairly well to treatment. Indeed, 41, 47 
and 31% of the etanercept, adalimum-
ab and infliximab cohorts, respective-
ly, were EULAR (European League 
against Rheumatism) good responders 
(compared with 18% of patients on 
etanercept or infliximab examined in a 
British Society for Rheumatology bio-
logics registry study) (36).
Adherence to labelled dose (from K-
M analysis) was longest for etanercept 
(followed by adalimumab and inflixi-
mab) and separation in survival curves 
occurred at 100 days and continued un-
til about one year, consistent with loss 
of efficacy over time. Loss of clinical 
efficacy associated with these anti-TNF 
agents may be attributed to their immu-
nogenicity profiles and their propensity 
to generate anti-TNF antibodies (7, 8, 
13). 
Surveyed investigators from our study 
indicated that dose escalation was the 
preferred treatment option for patients 
with inadequate response to recom-
mended dose or loss of efficacy over 
time. A related question could be as to 
why the inadequate responders were 
not switched to another line of treat-
ment. In this context, it is worth noting 
that perhaps inadequate response may 
not signify absolute lack of therapeu-
tic response. Further, reimbursement 
guidelines require that biologic agents 
be available for patients who have 
failed multiple lines of prior treatment 
and therefore have limited recourse to 
other treatment options.
Although some difference in total cost 
of care can be attributed to variation in 
drug price across the five EU markets, 
it is noteworthy that escalation, where 
it occurred, was not significantly more 
costly for patients on etanercept where-
as for those on adalimumab or inflixi-
mab, escalation resulted in significantly 
higher total cost of care.
This, as with any retrospective study, is 
limited by available data, particularly 
those of clinical efficacy which were 
often missing. Bias cannot be ruled out 
as it may have been introduced through 

unobserved variables. There has been 
greater clinical familiarity with escalat-
ing doses of infliximab and adalimumab 
compared to etanercept, which is more 
often switched to a different biologic 
rather than the dose increased, howev-
er, secondary endpoints of increase or 
addition of new DMARD and/or ster-
oid was also consistently lower in our 
etanercept cohort. Persistence was not 
specifically addressed in our study as 
it has been by others who have shown 
that patients persist on etanercept at 
least as long as with adalimumab or in-
fliximab (37-39).
An unavoidable limitation is that cer-
tolizumab could not be included as it 
was yet to be approved at the time of 
the study. Future work may examine 
dose escalation among all biologics, in-
cluding soon to be licensed golimumab, 
when there are sufficient patient num-
bers using these drugs in normal clini-
cal practice in Europe.
Charts were only reviewed for DAS-28 
and HAQ scores as indications of ef-
ficacy. Rheumatoid arthritis is a con-
stellation of many interrelated clinical, 
structural and functional symptoms. 
It is perhaps not entirely appropriate 
to assess the impact of dose-escala-
tion solely in terms of its impact on 
clinical disease activity. Other clini-
cal outcomes such as reduced morning 
stiffness or lessening of pain may have 
resulted from dose escalation but such 
data were not available. Therefore, 
we cannot rule out clinical benefits of 
dose-escalation in terms of functional 
or structural outcomes. Further, we can-
not definitively rule out that our study 
is reflective of prescribing behaviour 
of rheumatologists linked to the label. 
As the study was being designed only 
the adalimumab label supported dose-
escalation (40).
Despite the sparseness of outcomes 
data (DAS-28), they are in general 
agreement with those reported in the 
PREMIER study (adalimumab) (4) and 
that of van Vollenhoven et al. (inflixi-
mab) (34), that dose-escalation does 
not result in measurable benefits in 
terms of disease activity (6). However, 
because of small numbers, ours are not 
definitive findings and suggest need for 
further research. 



33

Anti-TNF agent dose escalation in clinical practice / R.J. Moots et al.

Conclusion
Our investigation demonstrates that 
dose escalation is significantly less 
frequently observed with etanercept 
compared to the anti-TNF monoclonal 
antibodies, adalimumab and infliximab 
in real life practice consistent with the 
findings of others (41). Furthermore, 
the total cost of care associated with 
dose escalation was significantly high-
er for patients treated with the mono-
clonal antibodies but not for those 
treated with etanercept.
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