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Abstract
Objectives

Fatigue is an important systemic symptom of rheumatoid arthritis (RA) but has rarely been evaluated consistently after 
initiation of treatment in RA patients. This study examined the effects of adalimumab (HUMIRA®, Abbott Laboratories, 
Abbott Park, IL, USA), a fully human, anti-tumor necrosis factor (anti-TNF) monoclonal antibody, on reducing fatigue 

in patients with RA.

Methods
A total of 1526 patients with RA were enrolled in 3 randomized, placebo-controlled clinical trials of adalimumab 

versus placebo plus methotrexate (MTX) or placebo plus standard antirheumatic therapies. Fatigue was assessed with 
the Functional Assessment of Chronic Illness Therapy (FACIT) fatigue scale questionnaire (which has been validated 
in RA) at baseline, mid-study, and at the end of the study. Logistic regression models were constructed using baseline 
demographic variables to test for treatment effect. In addition, sensitivity analyses were performed to determine the 

robustness of the data.

Results
At baseline in the 3 trials, patients’ fatigue ranged from 27.9’ fatigue ranged from 27.9’ –29.7, representing considerable fatigue on the FACIT 
fatigue scale. Fatigue was signifi cantly and consistently reduced in adalimumab-treated patients in the 3 clinical 

trials. Relative to placebo plus MTX, the adalimumab 40-mg-every-other-week dosage group reported statistically 
signifi cantly less fatigue at all time points post-baseline. Improvements between adalimumab and placebo ranged from 

3–7 points across all 3 trials, with a 3–4-point change representing a minimum clinically important difference.

Conclusion
Adalimumab treatment was shown to signifi cantly reduce fatigue in patients with moderate to severe RA. Changes in 

fatigue in all 3 trials were found to be clinically important.
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Introduction
Fatigue is a common symptom of rheu-
matoid arthritis (RA), reported at vary-
ing degrees of severity in more than 
80% of patients (1-3). Although every 
RA patient has joint pain, many have 
identifi ed fatigue as the most problem-
atic aspect of their disease (4). This 
may be especially true for patients with 
recent-onset disease (5, 6). Fatigue con-
tributes to inability to work, recreate, 
participate in rehabilitation programs, 
and maintain social relationships (3). 
Reduction in fatigue correlates with 
improvement in quality of life and 
should be a goal of therapy.
Fatigue is a subjective experience of 
debilitating tiredness or weakness that 
interferes with normal activity. Al-
though it can be estimated through re-
lated indicators, such as hemoglobin or 
exercise tolerance (7), by defi nition, fa-
tigue is measured by direct patient que-
ries. These include the fatigue scale of 
the Functional Assessment of Chronic 
Illness Therapy (FACIT) multidimen-
sional quality-of-life (QOL) instrument 
(8, 9); the Brief Fatigue Inventory (10); 
the Piper Fatigue Scale (11); the Multi-
dimensional Fatigue Inventory (12); the 
Fatigue Symptom Inventory (13); vari-
ous linear analog scales (14); and RA-
specifi c measures such as the Multidi-
mensional Assessment of Fatigue (15). 
The FACIT, in particular, has shown 
strong associations with hemoglobin 
concentrations, functional status, and 
overall patient QOL (8, 16-18) and has 
been validated for use in RA (9).
Despite its prevalence and ranking as a 
priority symptom by patients with RA, 
fatigue has rarely been measured in RA 
studies or by clinicians during assess-
ment of patients. A shortcoming of RA 
clinical trials has been the omission of 
a separate assessment of fatigue among 
the patient-reported outcomes col-
lected. Although considered a relevant 
clinical criterion, fatigue is not spe-
cifi cally included among the outcome 
measures proposed by the American 
College of Rheumatology (ACR) (19) 
and Outcome Measures in Rheumatoid 
Arthritis Clinical Trials (OMERACT) 
Committee (20). From a clinical per-
spective, nearly 90% of rheumatolo-
gists have reported that they do not as-

sess fatigue during their clinical visits 
with patients, and a mere 4% assess it 
at least 75% of the time (21).
The purpose of this study was to exam-
ine the effects of adalimumab, a fully 
human, anti-TNF monoclonal antibody, 
on reducing patient-reported fatigue. 
Data were obtained from 3 clinical trials 
involving patients with RA who were 
treated with adalimumab in combina-
tion with methotrexate (MTX) or other 
disease-modifying antirheumatic drugs 
(DMARDs). Because the research de-
signs of the trials were different (e.g., 
data collected at different times), the 
results are reported separately for all 3 
trials. Fatigue was assessed with the 13-
item fatigue scale of the FACIT (7, 8), 
which has been validated in RA (9). 

Methods
Patient populations
Data were collected from 3 randomized, 
double-blind, placebo-controlled, clini-
cal trials of adalimumab, a TNF antag-
onist administered subcutaneously. A 
central Independent Ethics Committee/
Institutional Review Board approved 
the study protocol, and all patients 
provided written informed consent. 
Within each trial, the treatment arms 
had approximately equal sample sizes. 
The ARMADA (Anti-TNF Research 
Program of the Monoclonal Antibody 
Adalimumab in Rheumatoid Arthri-
tis) trial enrolled 271 patients who had 
failed prior DMARD therapy and cur-
rently had active RA despite concomi-
tant treatment with MTX. Treatment 
groups were randomized to placebo 
plus MTX or 1 of 3 adalimumab arms 
(20 mg every other week [eow] plus 
MTX; 40 mg eow plus MTX; or 80 mg 
eow plus MTX) (22). The DE019 trial 
enrolled 619 patients who had persist-
ent RA activity after being on MTX for 
at least 3 months and who were rand-
omized to 1 of 3 treatment arms (pla-
cebo plus MTX; adalimumab 20 mg 
weekly plus MTX; or adalimumab 40 
mg eow plus MTX) (23). STAR (Safety 
Trial of Adalimumab in Rheumatoid Ar-
thritis) enrolled 636 patients who were 
treated with standard of care that could 
include 1 or more DMARDs, nonster-
oidal anti-infl ammatory medications, or 
corticosteroids (prednisone equivalent 
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≤10 mg/day), and continued to have 
RA activity. Patients in STAR were ran-
domized to receive either placebo plus 
current antirheumatic therapies or adal-
imumab 40 mg eow plus their current 
antirheumatic therapies (24).

Measures
Fatigue was measured in these stud-
ies using the 13-item fatigue scale of 
the FACIT Measurement System (25). 
On this instrument, scores range from 
0–52, with greater scores refl ecting less 
fatigue. The FACIT-Fatigue question-
naire was originally developed to as-
sess the fatigue associated with anemia 
in patients with cancer. For this group, 
the FACIT-F scale has been demon-
strated to have excellent stability (test-
retest reliability) and internal consist-
ency, as well as the ability to predict 
group differences in hemoglobin con-
centration and performance status (8). 
More recently, the FACIT-F has been 
validated as a measure of fatigue in RA 
patients (9).
The FACIT fatigue scale was admin-
istered on slightly different schedules 
during each trial. In addition to base-
line (pretreatment), ARMADA assessed 
fatigue at Weeks 4, 12, and 24; DE019 
administered the FACIT fatigue scale at 
Weeks 12, 24, and 52; and fatigue data 
were collected in STAR at Weeks 12 and 
24. All 3 trials had an option for patients 
to adjust treatment if the study drug was 
ineffective. The rescue therapy in each 
study was available to patients at slight-
ly different time periods and included 
different treatment options. While fa-
tigue assessments continued for some 
patients who had rescue therapy or en-
tered open-label follow-up studies, the 
results reported here include data only 
from the blinded trial assessments.

Analyses
Demographics, clinical variables, and 
fatigue measurements at baseline were 
analyzed to determine if there were any 
signifi cant differences across treatment 
arms. All patients were analyzed as rand-
omized (intention-to-treat analysis), and 
analyses were conducted with the treat-
ment arms blinded. The primary fatigue 
endpoint analyses evaluated the change 
in FACIT fatigue scale scores over time. 

Patterns of missing data were evaluated 
to determine the need for and the most 
appropriate imputation strategies.
Multivariate, repeated-measures, mixed-
effects models (26, 27) were used to 
evaluate the change from baseline in 
FACIT fatigue scale scores over time 
for the treatment arms in each study. 
The basic analytical model included 
fi xed effects (treatment arm, body mass 
index (BMI) (kg/m2), patient age (cen-
tered on mean age), baseline C-reactive 
protein (CRP) concentration (log-trans-
formed to normalize the distribution), 
gender, time, and a treatment time in-
teraction term); and random effects 
(patient, time, and time2) to account 
for the intercept and rate of change for 
each patient. A quadratic effect (time2) 
was used to evaluate the possibility of 
nonlinear change over time. Statistical 
tests of treatment arm differences were 
conducted using least-squares adjusted 
means and standard errors at each as-
sessment point. Multivariate contrast 
tests were performed to test for change 
from baseline score within treatment 
groups. No adjustments were made for 
multiple comparisons.
To ensure that estimated mean fatigue 
differences between treatment arms 
could be validly and consistently de-
tected by different analytic methods, 
a sensitivity analysis was conducted 
using last observation carried forward 
(LOCF) and analysis of covariance (AN-
COVA) methods. The baseline score 
served as a covariate and the treatment 
group as the main effect. For computa-
tion of treatment group differences and 
changes from baseline using LOCF, the 
fi nal FACIT fatigue scale assessments 
were used (Week 24 for ARMADA and 
STAR, and Week 52 for DE019). If the 
FACIT fatigue scale score for the fi nal 
assessment was missing, then the last 
post-baseline score was used.

Results 
Demographics
The demographics and baseline clinical 
characteristics of the 3 study populations 
are summarized in Table I. The median 
age among the patient samples was ap-
proximately 56 years. At baseline, the 
median and range of tender joint counts 
across samples were similar (median 26, 

range 7–68). ARMADA had a slightly 
lower median and a more limited range 
of swollen joints (median 15, range 2–
43) than did DE019 (median 17, range 
6–65) and STAR (median 19, range 
6–66). The most signifi cant differences 
among the samples were in median val-
ues of serum CRP concentration, an in-
dex of acute and chronic infl ammation. 
ARMADA had a greater median value 
and a broader range (median 22 mg/L, 
range 0.5–226) than either DE019 (me-
dian 10 mg/L, range, 4–188) or STAR 
(median 9 mg/L, range 4–197) (p (median 9 mg/L, range 4–197) (p (median 9 mg/L, range 4–197) ( < 
0.001). Because the trials featured differ-
ent dosages and dosing schedules, results 
are reported separately for each trial.
Overall, patient demographic charac-
teristics were similar for completers 
and noncompleters. In ARMADA, the 
baseline median swollen joint count (0–
66) was greater in the completer group 
(swollen joint count (SJC) = 17) than in 
the noncompleter group (SJC = 13) (p the noncompleter group (SJC = 13) (p the noncompleter group (SJC = 13) (
< 0.01). In DE019, noncompleters had 
signifi cantly lower FACIT fatigue scale 
scores (i.e., greater fatigue) (27.7) than 
completers (30.1) (p completers (30.1) (p completers (30.1) ( < 0.05). In STAR, 
a marginally greater number of swollen 
joints (0-66) were observed in compl-
eters (SJC = 18) than for noncompleters 
(SJC = 21) (p (SJC = 21) (p (SJC = 21) ( < 0.05). 
Based on the FACIT fatigue scale, at 
baseline in all 3 trials, women were 
more fatigued than men, with the fa-
tigue scores of women 3–7 points lower 
than those of men (i.e., more fatigue). 
In ARMADA, the differences were lim-
ited to the adalimumab 40-mg group 
(p (p ( = 0.012) and the adalimumab 80-
mg group (p mg group (p mg group ( = 0.066) and persisted to 
Week 24 of the trial. In DE019, there 
were baseline gender differences in fa-
tigue scores for the adalimumab 20-mg 
group (p group (p group ( = 0.008) at all time points, but 
not for the adalimumab 40-mg or pla-
cebo groups. In STAR, there was a gen-
der difference for the adalimumab 40-
mg group (p mg group (p mg group ( = 0.002) at baseline only. 
For the placebo group, the difference 
was apparent from baseline (p was apparent from baseline (p was apparent from baseline ( = 0.032) 
through Week 12 (p through Week 12 (p through Week 12 ( = 0.034).

Infl uence of fatigue on the Health 
Assessment Questionnaire
Prior to the planned analyses of fatigue 
score changes by treatment arm, a    
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preliminary check on the relevance and 
uniqueness of fatigue as an endpoint was 
conducted on pooled data from all trials 
using the Health Assessment Question-
naire (HAQ) Disability Index (29) as 
the outcome. All of the baseline predic-
tor variables in the model (age, gender, 
BMI, CRP concentration, physician-as-
sessed disease activity, patient-assessed 
pain, tender and swollen joint counts, 
and FACIT fatigue scale score) were 
signifi cantly associated with HAQ score 
(p (p ( < 0.001). The entire model explained 
49% of the variability in HAQ scores, 
with the FACIT fatigue scale score en-
tering the model fi rst and accounting for 
29% of the variance in baseline HAQ 
scores. Even when forced into the model 
after all other variables had entered (hi-
erarchical entry), FACIT fatigue scale 
scores contributed to 9% of the variabil-
ity in the HAQ score (p ity in the HAQ score (p ity in the HAQ score ( < 0.001). Thus, 
although fatigue is related to the HAQ at 
baseline — more so than the other vari-
ables in these trials — it also contributes 
unique information about RA-related 
disability, underscoring its relevance as 
a patient-reported outcome.

ARMADA 
The ARMADA trial included 271 pa-
tients in 4 treatment groups. At 24 
weeks, 161 remained in the study, 92 
patients entered an open-label exten-
sion study between Weeks 16 and 24, 
and 18 patients withdrew from the 
study before Week 16. Four patients 

had no fatigue data post-baseline and 
1 patient had no baseline assessment 
(and was not included in analyses). In 
summary, the mixed-effects model in-
cluded data on 270 of the 271 patients 
enrolled in ARMADA.
Observed and adjusted (for model pa-
rameters) mean fatigue scores by treat-
ment arm are summarized in Table II 
and illustrated in Figure 1. Observed 
scores are useful for clinical interpreta-
tion and comparison with other studies. 
There were no signifi cant differences 
in baseline FACIT fatigue scale scores 
among dosages. As early as Week 4, fa-
tigue scores for the adalimumab 80-mg 
(p (p ( = 0.029) and 40-mg (p = 0.029) and 40-mg (p = 0.029) and 40-mg ( = 0.009) dos-
age groups were greater (i.e., less fa-
tigue) than those in the placebo group. 
At Weeks 12 and 24, the fatigue scores 
in the adalimumab 80-mg and 40-mg 
dosage groups were signifi cantly great-
er than in the placebo group (p er than in the placebo group (p er than in the placebo group ( < 0.05). 
Fatigue scores for the adalimumab 20-
mg group were not signifi cantly differ-
ent from the other dosage groups (in-
cluding placebo) at any time point.
There were signifi cant improvements 
in fatigue scores from baseline for all 
treatment arms. At Week 24, fatigue 
scores for patients had increased from 
baseline by 11 points (p baseline by 11 points (p baseline by 11 points ( < 0.001) in the 
adalimumab 80-mg group, by 10 points 
(p (p ( < 0.001) in the adalimumab 40-mg 
dosage group, by 8 points (p dosage group, by 8 points (p dosage group, by 8 points ( < 0.001) in 
the adalimumab 20-mg dosage group, 
and, fi nally, by 6 points (p and, fi nally, by 6 points (p and, fi nally, by 6 points ( = 0.017) in 

the placebo group (Fig. 2). Further, the 
24-week, adjusted FACIT fatigue score 
in the adalimumab 40-mg eow group of 
40.0 (Table II) approaches 43.6, the val-
ue observed in the general population 
(30). Similarly, patients in the 40-mg 
eow arm of the DE019 study (discussed 
below) also neared the normal fatigue 
value of the general population.

DE019
DE019 consisted of 3 arms and 619 pa-
tients. A total of 496 patients complet-
ed assessments at baseline and had at 
least 1 post-baseline assessment. Sub-
sequently, 152 patients withdrew from 
the study, including 1 death. Of the 152, 
fi ve patients had no baseline fatigue data 
(and were not included in the model), 
75 had no fatigue data post-baseline, 
and 43 patients did not complete the 
Week 52 assessment. Thus, the model 
incorporated data on a total of 614 pa-
tients, including those 75 patients who 
had baseline observations alone as well 
as the 43 patients who did not complete 
the fi nal assessment. Post-baseline data 
for these 75 patients were imputed 
based on mixed-model analyses. They 
were excluded from sensitivity analy-
ses, which were conducted using LOCF 
data. Results from the mixed-model 
analyses were confi rmed by the sensi-
tivity and other follow-up analyses that 
excluded these patients.
There were no signifi cant baseline dif-
ferences in FACIT fatigue scale scores 
among the 3 treatment arms. However, 
at Weeks 12, 24, and 52, the adalimu-
mab 40-mg eow and 20-mg weekly 
dosage groups had signifi cantly greater 
fatigue scores (i.e., less fatigue) than 
the placebo group (p the placebo group (p the placebo group ( < 0.001) (Table II, 
Fig. 3). At Week 52, these fatigue score 
differences between the adalimumab 
40-mg eow and 20-mg weekly groups 
relative to the placebo group were 5 and 
4.8, respectively, which exceed the min-
imum clinically important difference 
of 3–4 points (9). At Week 24, the 40-
mg eow and 20-mg weekly treatment 
groups had fatigue scores that were 8 
and 9 points greater (i.e., less fatigue) 
than at baseline, whereas the placebo 
group had scores 6 points higher.
In addition to differences among treat-
ment arms, all treatment arms displayed 

Table I. Demographic and baseline clinical characteristics of study samples.

  ARMADA DE019 STAR
  (N = 271) (N = 619) (N = 636)

Gender    
 Male, n (%) 63 (23) 154 (25) 130 (21)
 Female, n (%) 208 (77) 462 (75) 501 (79)

Race/ethnicity    
 White, non-Hispanic, n (%) 220 (81) 517 (84) 553 (88)
 Black, non-Hispanic, n (%) 23 (9) 39 (6) 31 (5)
 Other, n (%) 28 (10) 60 (10) 47 (7)

Age (years), median (range) 56 (28–84) 57 (21–87) 56 (21–86)

Disease duration (years), median (range) 10 (0.3–57) 8 (0.2–52) 8 (0.1–59)

C-reactive protein (mg/L), median (range),  22 (0.5–226) 10 (4–188) 9 (4–197)
(normal range <10 mg/L) (28) 

Tender joint count, n (of 68 joints), median (range) 26 (9–68) 26 (7–68) 25 (7–68)

Swollen joint count, n (of 66 joints), median (range) 15 (2–43) 17 (6–65) 19 (66)

Baseline FACIT fatigue scale score, mean (SD) 27.9 (11.0) 29.7 (10.9) 29.2 (11.1)
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signifi cant longitudinal improvements 
in fatigue scores from baseline. Com-
pared with baseline, Week 52 fatigue 
scores for the adalimumab 40-mg eow 
and 20-mg weekly groups increased by 
8 (p 8 (p 8 ( < 0.001) and 9 (p < 0.001) and 9 (p < 0.001) and 9 ( < 0.001) points, 
respectively, and placebo group fatigue 
scores were 6 points (p scores were 6 points (p scores were 6 points ( < 0.001) greater 
than baseline (Fig. 4). 

STAR
STAR included 636 patients. A total of 
574 patients had fatigue data at baseline 
and Weeks 12 and 24.  Before Week 24, 
57 patients had left the study, and 5 pa-
tients had no baseline fatigue data. 
There were no signifi cant differences in 
FACIT fatigue scale scores between the 
2 treatment arms at baseline. The adali-
mumab 40-mg dosage arm was 4 points 
greater (i.e., less fatigue) than placebo 
both at Week 12 (p both at Week 12 (p both at Week 12 ( < 0.001) and at 
Week 24 (p Week 24 (p Week 24 ( < 0.001) (Table II, Fig. 5). 
Both treatment arms demonstrated sig-

Fig. 1. ARMADA Trial FACIT fatigue scale scores by treatment arms. 
Graph lines represent adjusted means of FACIT fatigue scale scores by treatment arm in ARMADA. 
Includes estimated means of scores of patients who withdrew from the study up to the point where no 
further fatigue assessments were collected. 
ARMADA: Anti-TNF Research Program of the Monoclonal Antibody D2E7 Adalimumab in Rheuma-
toid Arthritis; eow: every other week; FACIT: Functional Assessment of Chronic Illness Therapy.

Table II. FACIT fatigue scale observed and adjusted scores at baseline and weeks 12, 24, and 52; and change scores from baseline.

Trial/Treatment Arm FACIT Fatigue Scale Score Mean (SD)

 Baseline Week 12 Week 24 Week 52 Change  
     Scores
  n Observed n Observed Adjusted n Observed Adjusted n Observed Adjusted (Baseline 
  Scores   Scores  Scores*   Scores  Scores*   Scores  Scores* to End of
             Study) ¥

  
ARMADA
Adalimumab 80 mg every other  73 26.6 (12.4) 71 36.7 (11.6)       38.3** 54 39.0 (9.8)      39.3**    11.16
week + MTX 

Adalimumab 40 mg every other 66 28.4 (11.3) 66 36.6 (10.2)       37.4** 49 39.6 (9.0)      40.0**    10.34
week + MTX 

Adalimumab 20 mg every other  69 28.6 (10.5) 66 35.3 (11.5) 34.5 40 38.2 (10.9) 36.3    7.71
week + MTX 

Placebo + MTX 62 28.1 (9.4) 52 32.1 (11.5) 31.2 18 36.5 (8.9) 33.3    5.57

DE019
Adalimumab 40 mg every other 204 30.6 (10.6) 183 37.6 (9.9) 37.7|| 170 38.51 (10.1) 38.7|| 158 39.4 (9.8) 39.0|| 8.4
week + MTX 

Adalimumab 20 mg weekly + MTX 211 30.1 (10.8) 195 37.5 (37.5) 38.1|| 179 37.9 (9.9) 39.1|| 165 39.3 (9.3) 38.8|| 8.7 

Placebo + MTX 199 28.3 (11.4) 160 32.9 (10.8) 33.2 149 34.2 (10.8) 34.1 136 33.7 (11.4) 34.0 5.7

STAR
Adalimumab 40 mg every other  316 29.4 (11.1) 301 36.2 (10.8) 36.8|| 290 36.7 (10.7) 36.8||    5.93
week + current antirheumatic therapy 

Placebo + current antirheumatic therapy 315 28.9 (11.0) 294 32.5 (11.7) 32.9 286 32.7 (11.4) 33.1    3.37

MTX: methotrexate. 
*Adjusted scores computed using a mixed-effects model. The values are least-square means, adjusted for age, gender, body mass index, and baseline C-reac-
tive protein concentration. 
¥Change scores are computed from the multivariate mixed-effects model; therefore, estimates of change differ slightly from those computed using the base-
line observed scores presented above.
**p *p * < 0.05.
||p ||p || < 0.001 for comparisons with placebo.

     Scores     Scores     Scores     Scores
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nifi cant improvement in fatigue scores 
over the course of the study, with the 
treatment arms improving by 6 points 
(p (p ( < 0.001) from baseline to Week 24 
and the placebo arm improving an aver-
age of 3 points (p age of 3 points (p age of 3 points ( < 0.001) (Fig. 6).

Sensitivity analyses
To ensure that estimated treatment ef-
fects were insensitive to different ana-
lytic methods, a sensitivity analysis us-
ing ANCOVA models was conducted, 
with the baseline score as a covariate 

and treatment group as the main effect. 
The sensitivity analysis results were 
similar to the fi ndings shown in the pri-
mary analyses, with average “on-treat-
ment” fatigue scores lower in the pla-
cebo group than all treatment groups 
and improvements in fatigue from 
baseline in the range of 3–5 points in 
the placebo groups and 6–9 points in 
all other dosage groups. 
Treatment group differences computed 
using LOCF closely match the results 
obtained in the above analyses, with pla-
cebo groups in all trials showing signifi -
cantly lower FACIT fatigue scale scores 
(i.e., more fatigue) at end of study than 
all treatment groups. Therefore, the re-
sults are similar for the 3 different analy-
ses. However, using LOCF, an ANCOVA 
model, or a mixed-effects model to esti-
mate group means assumes missing data 
were missing at random. This is unlikely 
because baseline and follow-up scores 
of patients who withdrew from the study 
(and therefore did not enter open-label 
rescue arms) were lower than scores for 
those who remained in the study (Figs. 
1, 3 and 5). Thus, an analytical model 
that adjusts group mean estimates for 
non-random missing data (e.g., maxi-
mum likelihood models) tends to enlarge 
the gap between the placebo and treat-
ment groups in favor of the treatment 
group for 2 reasons: 1) More people 
dropped out of the placebo group than 
the other groups, and 2) Dropouts had 
lower scores than those who remained 
in the study. Thus, these analyses used in 
this study are conservative. Competing 
models would likely uphold or enlarge 
statistical signifi cance or estimates of 
score differences between groups.
The same reassurance, however, may 
not apply to the estimates of longitu-
dinal changes in these analyses. Since 
baseline and pre-dropout scores of pa-
tients who failed to complete the study 
were worse than those of the patients 
who remained, estimates of increases 
in fatigue scores over time are probably 
infl ated to some degree, resulting in an 
exaggeration of the degree of fatigue 
benefi t for the entire study population. 

Discussion
The results of this study demonstrate 
that adalimumab provides signifi cant 

Fig. 2. ARMADA Trial: improvement of fatigue as measured by mean change in FACIT fatigue scale 
scores.
At 24 weeks, adalimumab-treated patients in the ARMADA trial demonstrated statistically signifi cant 
improvements in FACIT fatigue scale scores vs. placebo. 
ARMADA: Anti-TNF Research Program of the Monoclonal Antibody D2E7 Adalimumab in Rheu-
matoid Arthritis; eow: every other week; FACIT: Functional Assessment of Chronic Illness Therapy; 
MCID: minimum clinically important difference.

Fig. 3. DE019 Trial: FACIT fatigue scale scores by treatment arms.
Graph lines represent adjusted means of FACIT fatigue scale scores by treatment arm in DE019. In-
cludes estimated means of scores of patients who withdrew from the study up to the point where no 
further fatigue assessments were collected. 
FACIT: Functional Assessment of Chronic Illness Therapy. 
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reductions in patient-reported fatigue, 
a prominent and disabling feature of 
RA affecting more than 80% of patients 

with RA. There appears to be a gender 
difference for fatigue, with women ex-
periencing greater fatigue than men. 

Many RA patients have identifi ed fa-
tigue as the most problematic aspect 
of their disease, yet the symptom of 
fatigue in RA continues to receive lit-
tle attention from research and clinical 
communities.
Fatigue in cancer patients is well-rec-
ognized and a prime target for symp-
tom management. This analysis found 
that the RA patients enrolled in 3 
clinical studies had signifi cant fatigue 
at baseline, and the degree of this fa-
tigue was comparable to fatigue lev-
els experienced by anemic cancer pa-
tients (30). Moreover, following treat-
ment with the recommended dosage 
of adalimumab, 40 mg eow, patients 
achieved mean fatigue scores close to 
those observed in the general popula-
tion. However, fatigue is not among 
the core set of outcome measures for 
RA clinical trials recommended by 
the ACR and OMERACT (19, 20, 
31). In fact, to our knowledge, these 
are the fi rst randomized clinical tri-
als in which patient-reported fatigue 
has been assessed, making adalimu-
mab the fi rst biologic to be studied 
for its impact on RA-related fatigue. 
More-over, fatigue is rarely assessed 
routinely by rheumatologists in their 
clinical practices (21). Instead, rheu-
matologists focus on measures of dis-
ease activity (e.g., swollen and tender 
joint counts, pain ratings, acute-phase 
reactant values), which although im-
portant, may not comprehensively 
refl ect the degree of functional dis-
ability and suffering experienced by 
patients (32). 
A strength of this study is that adali-
mumab demonstrated a reduction in 
fatigue among RA patients with mod-
erate to severe disease activity despite 
treatment with MTX or other standard 
antirheumatic therapies (including oth-
er DMARDs, nonsteroidal anti-infl am-
matory drugs, or corticosteroids) across 
all 3 clinical trials reported in this pa-
per. Furthermore, patients receiving 
adalimumab 40 mg eow achieved a 
6- to 10-point increase in FACIT scale 
scores (i.e., improvement in fatigue) 
from baseline to Week 24 across all tri-
als. These differences were statistically 
signifi cant versus placebo and are con-
sidered clinically important (7, 8). The 

Fig. 4. DE019 Trial: improvement of fatigue as measured by mean change in FACIT fatigue scale 
scores.
At 24 and 52 weeks, adalimumab-treated patients in the DE019 trial demonstrated statistically signifi -
cant improvements in FACIT fatigue scale scores vs. placebo. 
Eow: every other week; FACIT: Functional Assessment of Chronic Illness Therapy; MCID: minimum 
clinically important difference. 

Fig. 5. STAR Trial: FACIT fatigue scale scores by treatment arms. Graph lines represent adjusted 
means of FACIT fatigue scale scores by treatment arm in STAR. Includes estimated means of scores 
of patients who withdrew from the study up to the point where no furt\her fatigue assessments were 
collected. 
FACIT: Functional Assessment of Chronic Illness Therapy; STAR: Safety Trial of Adalimumab in 
Rheumatoid Arthritis.
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effect on fatigue was seen as early as 4 
weeks and was maintained for 1 year. 
The placebo groups also showed some 
improvement in fatigue scores, which 
may refl ect some actual treatment ef-
fect in that all placebo-treated patients 
received other RA treatments (MTX or 
other standard antirheumatic therapies). 
The protocol-driven (planned) analyses 
were confi rmed by 2 sensitivity analy-
ses: 1 that controlled for baseline dif-
ferences and another that addressed 
missing data by carrying forward pa-
tients’ previous scores.
A limitation of this study is the short 
duration of treatment. Although the 
24-week treatment duration in these 
trials was comparable to that of other 
randomized controlled trials of bio-
logics and traditional DMARDs in RA 
trials, longer term results are needed 
to verify the durability of the improve-
ment in fatigue observed at 6 months 
of adalimumab therapy in this analy-
sis. To this end, results from the long-
term, open-label extensions of these 
trials are being assessed. In addition, 
patients in these trials had moderate to 
severe RA and at least an inadequate 
response to MTX and other standard 
antirheumatic therapies. As some RA 
patients have milder disease symp-
toms and are responsive to these ther-
apies, the extent to which these study 

populations represent typical patients 
seen in routine clinical practice is un-
known. For example, in an analysis 
of 2 RA patient cohorts from clinical 
practice in Nashville, Tennessee (146 
and 232 patients), in 2001, the major-
ity did not meet inclusion criteria for 
most clinical trials (33). A study of 
the effect of adalimumab on fatigue 
in patients with milder disease and 
in patients with comorbidities would 
help determine the generalizability of 
these fi ndings across the spectrum of 
RA severity.
Adalimumab therapy represents a sig-
nifi cant advance in the treatment of 
RA-related fatigue. Wolfe and Pincus 
have argued for the collection of pa-
tient-reported data, such as fatigue, to 
document patient outcomes and the re-
sults of care (32, 34). The fi ndings of 
this analysis underscore the importance 
of incorporating the routine assessment 
of patient-reported fatigue into clinical 
trials and the clinical management of 
RA patients. 
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