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Effect of the Application of Trial Inclusion Criteria on
the Efficacy of Adalimumab Therapy in a Rheumatoid
Arthritis Cohort
INGRID M. VISMAN, GEERTJE M. BARTELDS, WOUTER OUWERKERK, ANITA C.J. RAVELLI, 

LINDA M. PEELEN, BEN A.C. DIJKMANS, MAARTEN BOERS, and MIKE T. NURMOHAMED

ABSTRACT. Objective. To evaluate the influence of inclusion criteria used in rheumatoid arthritis (RA) trials with

adalimumab on clinical outcome and response.

Methods. The different inclusion criteria of published trials of adalimumab in RA were separately

applied to a large prospective cohort of patients with RA treated with adalimumab (AdRA cohort),

thereby mimicking patient selection for a clinical trial. Clinical response and outcome in the resulting

11 projection groups were compared using the 28-joint Disease Activity Score (DAS28) and time-aver-

aged DAS28 as outcome measures of efficacy.

Results. Thirteen trials (n = 54–799) with 11 different sets of entry criteria were identified, resulting in

11 projection groups (n = 22–168). The DAS28 at baseline was similar in the original trial and each pro-

jection group based on this trial (5.1–6.4, total AdRA cohort 5.1). After 28 weeks, the efficacy varied

substantially among the 11 projected groups (change from baseline DAS28: –1.65 to –2.65, time-aver-

aged DAS28 3.67–4.53). Expressed as outcome (DAS28 at 28 weeks), the efficacy was much more sim-

ilar for almost all projection groups (3.5–4.0) and thus appeared to be mostly independent of disease

activity at baseline.

Conclusion.We observed that different inclusion criteria for clinical trials can have a marked effect on

the expected response, i.e., improvement from baseline. A novel finding is that final disease activity

appeared much less dependent on initial disease activity. Our study suggests that for daily practice, one

can assume that adalimumab treatment will on average result in a DAS28 between 3.5 and 4.0 after 28

weeks of treatment, regardless of baseline disease activity. (J Rheumatol First Release June 15 2011;

doi:10.3899/jrheum.101283)
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There have been many efforts to standardize the classification

and clinical outcome of rheumatic diseases1. Efficacy in clini-

cal trials is measured with standardized disease activity scales

based upon a core set of disease activity standards. The

American College of Rheumatology (ACR) and the European

League Against Rheumatism (EULAR) response criteria and

the Disease Activity Score (DAS) response2,3,4,5,6,7 are widely

used. Recently, more attention is being paid to minimal disease

activity state or remission as an important outcome8. Trials on

the efficacy of adalimumab in patients with RA show different

outcomes9,10. These differences in efficacy between trials may

be caused by differences in patients, geographic location, and

ethnicity. Another important source of differences in outcome

may be the use of different inclusion criteria11.

Many different inclusion criteria are used in clinical trials

on adalimumab in RA. However, the effect of inclusion crite-

ria on clinical outcome and clinical response is not complete-

ly clear. Zink, et al12 reported that patients in randomized con-

trolled trials (RCT) are not the same as those seen in daily

clinical practice and that clinical outcomes also differ between

RCT and daily practice. Zink, et al compared characteristics

of eligible versus ineligible patients in trials of various bio-

logic agents and reported that patients ineligible for the trials

benefit less from treatment than the eligible patients benefit-

ted in the original trials. In our study, we compare patients

who would be eligible based on different sets of inclusion cri-

teria, focusing on adalimumab trials only. In our cohort we

mainly use the DAS28 as an outcome measure.

The objective of the current investigation is 2-fold. The

first aim is to assess the influence of the use of different inclu-
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sion criteria on efficacy. This is done by “projecting” the

inclusion criteria used in clinical trials on a cohort of patients

with RA treated with adalimumab in daily clinical practice.

Second, we compared the outcome of the clinical trials to the

actual outcome in daily clinical practice by comparing the

efficacy reported in the original trial with the efficacy found

in the projection group using the same inclusion criteria.

MATERIALS AND METHODS

A literature search was performed using Medline and the Cochrane library.

Articles reporting clinical trials on adalimumab treatment in patients with RA

were selected from 1997 until September 2006. Search terms were “adali-

mumab,” “Humira,” “anti-tumour necrosis factor,” “rheumatoid arthritis,”

and “RA”. Clinical outcome measurements had to include either a

DAS/DAS28 score2,4,5,6, EULAR response criteria, or an ACR response

(ACR20, ACR50, ACR70, or ACR-N13,14).

Articles were selected if the inclusion criteria for the study were clearly

stated. If different trials from similar authors used identical inclusion criteria,

those trials were considered 1 group.

The groups of inclusion criteria were sorted on strictness, ranging from

light to strict. The strictness of the inclusion criteria is based upon an arbitrary

scale determined by the effect of the separate variables on the DAS28 score

and the ACR core set of disease activity measurements at baseline.

Subsequently, 2 experienced rheumatologists decided on the order of the trials

that were later classified as having light, medium, and strict inclusion criteria,

based on the DAS28 score as well as the number of swollen and tender joints.

To evaluate the influence of different inclusion criteria on clinical out-

come and response without the confounding effect of differences between

study populations in clinical trials, the projection method was used11. This

method mimics the patient selection process by projecting the set of inclusion

criteria onto a clinical practice cohort of a large outpatient clinic. This results

in 1 projection group per set of inclusion criteria, containing the patients that

would have been eligible for a trial using those criteria. This procedure is per-

formed for all sets of inclusion criteria. Because the patients selected for each

of the projection groups originate from the same general cohort, differences

in outcome that are found between the projection groups is most likely caused

by differences in inclusion criteria.

Our study is based on a prospective observational cohort of consecutive

patients with RA who were treated with adalimumab therapy at the

Department of Rheumatology of the Jan van Breemen Institute: the AdRA

cohort. All patients with at least 28 weeks of followup were included. The

patients had active disease at the time of inclusion, defined as a DAS28 > 3.2

despite earlier treatment with at least 2 disease-modifying antirheumatic

drugs (DMARD), including methotrexate (MTX), at a dosage of 25 mg week-

ly or at the maximum tolerable dosage. All patients received adalimumab 40

mg subcutaneously every other week. Patients were excluded if they had con-

traindications for adalimumab use, as specified in the guidelines of the

European Medicines Agency15. The medical ethics committee at the

Slotervaart Hospital in Amsterdam, The Netherlands, approved of our study,

which was carried out in compliance with the Helsinki Declaration.

We used 2 different outcome measures: the DAS28 and the DAS28 AUC

(area under the curve). A third outcome measurement, the ACR response, is

used to compare the original trial, the projected trial, and the total AdRA

cohort if used in the published original trial.

Primary outcome measures are the change in DAS28 from 0 to 28 weeks

and the DAS28 AUC. The DAS28 AUC is not often used. It measures the

patient’s cumulative disease activity over time 

t = 28

(Σ DAS28)
t = 0

and is therefore used to identify differences in disease activity over time. The

time-averaged DAS was calculated as the DAS28 AUC per week (DAS28

AUC/28) for every patient. The time-averaged DAS28 is the mean DAS dur-

ing the 28 weeks of treatment for every patient. The mean time-averaged

DAS is the mean of the DAS28 AUC per week in the projection group. The

ACR response (ACR20, ACR50, ACR70) in the current study is calculated

with 28 joints instead of the 66/68 joint count originally used, which is vali-

dated by van Gestel, et al6,7.

Statistical analysis. The decrease in DAS28 score within each projection

group from baseline to 28 weeks is analyzed by a paired sample t-test. An

additional independent samples t-test was done to compare the decrease in

DAS28 score of the patients in the AdRA cohort who had a higher DAS28 at

baseline (DAS28 > 5.1) versus the other half, who had a lower DAS28 at

baseline (DAS28 < 5.1).

For the comparisons between the projection groups it is important to real-

ize that the projection groups overlap, i.e., they (partially) contain the same

patients. Therefore, to assess the statistical significance of the difference in

outcome between the projection groups, a nonparametric bootstrapping

approach was used18. From the total AdRA cohort a random sample is drawn

with replacement and the procedure of projecting the criteria is repeated using

this sample. The projection groups thus obtained are used to calculate the dif-

ference in outcome measure. This sampling procedure is repeated n times,

yielding a vector of differences of length n. Based on this vector, the mean

difference is calculated, and a confidence interval is determined nonparamet-

rically by calculating quantiles19. In our study, n was chosen to be 100,000.

To reduce the risk of increasing type I errors due to multiple testing, we cal-

culated a 99% CI to test for statistical significance instead of 95%. Further,

we reduced the number of comparisons by choosing 3 trials (1 randomly

selected trial within the strict criteria group of trials, 1 within the light crite-

ria group, and 1 trial in the medium group) to be compared to each other and

the AdRA cohort, instead of comparing all trials to each other.

In addition, to compare the efficacy reported in the trial with the efficacy

obtained in clinical practice, we compared the outcome of the trial with the

outcome in the projection group and the outcome in the total AdRA cohort.

This is performed for 2 trials, 1 with light inclusion criteria and 2 with strict

inclusion criteria. For the comparison, we used the efficacy outcome used in

the original trial (DAS, DAS28, or ACR response).

RESULTS

Until September 2006, 13 eligible RA trials were pub-

lished9,10,20,21,22,23,24,25,26,27,28,29,30. This resulted in 11 differ-

ent trial groups of inclusion criteria. One trial9 was excluded

because it was a continuation of a primary trial already includ-

ed and no changes in patient population were noted26, and in

another study the continued trial29 included more patients than

the original trial30.

The main differences in inclusion criteria were based on

differences in DAS score, tender joint count, swollen joint

count, C-reactive protein, erythrocyte sedimentation rate,

morning stiffness, previous DMARD used (including MTX

and previous biological agents), rheumatoid factor, and ero-

sions present.

In Table 1 the most important inclusion criteria of the dif-

ferent trials are shown. The trial groups are ordered according

to the strictness of the inclusion criteria, increasing in strict-

ness from left to right. All patients had RA according to the

1987 ACR criteria.
From 2004 to 2006, 237 patients were included in the

AdRA cohort, and for our study all 168 patients were included
who were treated for at least 28 weeks. The baseline charac-
teristics of the population are presented in the first column of
Table 2. The mean age of the patients was 56 years and there
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were more women than men in the cohort. The mean DAS28
at baseline is 5.1, which represents a high disease activity.

The projection of the 11 sets of inclusion criteria onto the

AdRA cohort resulted in 11 projection groups (trial A to trial

K). The baseline characteristics of the patients in those groups

are presented in Table 2. All groups had similar percentages of

women (78%–87%) and whites (78%–85%), and the mean

disease duration (12–16 years) and mean age (56–58 years)

were also similar.

As the inclusion criteria become more stringent, the num-

ber of patients eligible for inclusion decreases. We found that

all 168 patients of the AdRA cohort would be eligible accord-

ing to the criteria of trial A. When applying the strict criteria

of projection group K, only 22 AdRA patients could be includ-

ed. At baseline, the DAS score differs from 5.20 in trial C

(which has light inclusion criteria) to 6.26 in trial F (with

medium criteria) to 6.38 in trial K, with the most stringent

inclusion criteria.

Table 3 shows the efficacy outcomes of each of the 11 pro-

jection groups: the differences in DAS28 and time-averaged

DAS28 from baseline until 28 weeks of treatment. The mean

DAS28 baseline varies between 5.1 and 6.4, while the mean

DAS28 at 28 weeks shows remarkably less variation, ranging

from 3.5 to 4.0. The DAS28 AUC ranged from 103 to 127,

and the time-averaged DAS28 ranged from 3.67 to 4.53. If we

divide the AdRA cohort into 2 subgroups based on baseline

DAS28 (cutpoint 5.1), those at or below the cutpoint (mean

DAS28 4.1) decreased to 3.0 at 28 weeks, while those above
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Table 1. Different inclusion criteria by different rheumatoid arthritis (RA) trials.

Inclusion Criteria

Trial Projection N DMARD MTX DAS28 SJC (66)/ ESR, CRP,

Group TJC (68) mm/h mg/dl

Atzeni 200520 A 75

Rau 200421 B 54 x ≥ 3.2

Barrera 200222* C 198 3 wk washout 2 wk washout > 3.0

TNF-α
Den Broeder 200223 D 74 3 wk washout > 3.2

Bennett 200524 E 70 Failure ≥ 2 > 5.1

Weisman 200325* F 60 3 wk washout > 3 mo stable dose** ≥ 6/≥ 6 ≥ 28

Furst 200310 G 636 Allowed Failure ≥ 6/≥ 9‡

Weinblatt 20039,26† H 271 ≥ 6 mo stable dose** ≥ 6/≥ 9

Keystone 200427*†† I 619 4 wk washout ≥ 3 mo stable dose** ≥ 6/≥ 9 > 1

4 wk

Breedveld 200628†† J 799 ≤ 2 ≥ 8/≥ 10 ≥ 28 or ≥ 1.5

Van de Putte 200429,30† K 544 Failure ≥ 1 ≥ 10/≥ 12 ≥ 28 or > 2

* Trials selected for pairwise comparison. † Double references. ‡ Both excluding distal interphalangeal joints. †† Rheumatoid factor or erosions were also a

requirement, and for Breedveld also an RA duration > 3 years. ** Stable dose 12.5–25 mg/wk or ≥ 10 mg/wk in patients intolerant to MTX. MTX: methotrex-

ate; DMARD: disease-modifying antirheumatic drugs; DAS28: 28-joint Disease Activity Score; SJC: swollen joint count; TJC: tender joint count; ESR: ery-

throcyte sedimentation rate; CRP: C-reactive protein; TNF: tumor necrosis factor.

Table 2. Baseline characteristics of the AdRA cohort and the 11 trial projection groups. Data are number (SD)

unless otherwise indicated.

Projection Trial N DAS28, Swollen Tender No. Previous

Group t = 0 (SD) Joints† Joints† DMARD

AdRA cohort 168 5.13 (1.2) 7.9 (5.9) 7.5 (6.5) 3.2 (1.4)

A Atzeni 200620 168 5.13 (1.2) 7.9 (5.9) 7.5 (6.5) 3.2 (1.4)

B Rau 200421 159 5.23 (1.2) 8.1 (6.0) 7.9 (6.5) 3.2 (1.5)

C* Barrera 200222* 161 5.20 (1.2) 8.0 (6.0) 7.8 (6.4) 3.2 (1.4)

D Den Broeder 200223 159 5.23 (1.2) 8.1 (6.0) 7.9 (6.5) 3.2 (1.5)

E Bennett 200524 95 5.90 (1.0) 11.6 (6.0) 13.1 (6.5) 3.3 (1.5)

F* Weisman 200325* 57 6.26 (1.0) 11.9 (5.9) 12.7 (5.8) 3.3 (1.5)

G Furst 200310 58 6.18 (1.0) 10.1 (6.4) 10.7 (6.6) 3.5 (1.5)

H Weinblatt 20039,26† 39 6.37 (0.9) 11.8 (6.3) 11.2 (6.2) 2.8 (0.9)

I* Keystone 200427* 36 6.27 (1.0) 12.9 (5.8) 12.2 (5.0) 3.7 (1.6)

J Breedveld 200628 34 6.39 (1.0) 13.2 (6.2) 13.1 (5.5) 3.4 (1.4)

K Van de Putte 200429,30† 22 6.38 (1.0) 15.9 (5.8) 15.3 (6.2) 3.5 (1.6)

* Trials selected for pairwise comparison of outcomes. † 0–28 joints. AdRA: large prospective cohort of patients

with RA treated with adalimumab; DAS28: 28-joint Disease Activity Score; DMARD: disease-modifying

antirheumatic drugs.
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the cutpoint (mean DAS28 6.1) decreased to 4.0. These results

are similar to the results seen in the projection groups with

comparable initial DAS28 score (Table 3).

For the statistical comparison of the outcomes in the pro-

jection groups we used the AdRA cohort and every third

group thereafter (C, F, and I). We found that all patients in

projection group F were also included in C (but not vice

versa). When we compared the projection groups of trials F

and I, 27 patients were eligible for F but not for I, 30 for both

F and I, and 6 for I but not for F. This overlap necessitates

the use of the bootstrapping approach. The groups F and I

had a significantly higher DAS28 AUC than group C and the

total AdRA cohort. The differences in DAS AUC between

the projection groups F and I are not significant, which also

holds for the difference between group C and the total AdRA

cohort (Table 4). Hence, trial C and the total cohort can be

considered as containing the less severely ill patients, while

trials F and I seem to focus on the more severely ill patients

with RA.

To illustrate differences between the efficacy outcomes

observed in the trial and the outcome results obtained in daily

clinical practice, we compared outcome of a light and strict

inclusion criteria trial with the outcome in their projection

groups and the outcome in the entire AdRA cohort (Figures 1

and 2). We used the outcome measure as used in the original

trial as a basis for comparison.

Figure 1 shows the comparison between the original trial,

that is, Barrera, et al22, the projection group C (the AdRA pro-

jection group based on the Barrera inclusion criteria), and the

entire AdRA cohort. The inclusion criteria of this trial were

classified as light. There is a small difference between the 3

curves in Figure 1. The original trial reaches a lower DAS28

over time than the projection group and the AdRA cohort. The

lines of projection group C and the AdRA cohort are nearly

identical, a finding in accord with the findings presented in

Tables 2 and 4.

Figure 2 shows the comparison between the original trial

(van de Putte, et al29), the projection group K, and the AdRA

4 The Journal of Rheumatology 2011; 38:9; doi:10.3899/jrheum.101283
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Table 3. Efficacy outcome measurements at 28 weeks of the trial “projection groups” projected on the AdRA

cohort.

Outcomes DAS28 DAS28 Decrease in Percent of Time-average

Projection T = 0 T = 28 DAS28, Patients in DAS28,

Groups Weeks, Weeks, mean (SD)† LDAS‡/ mean (SD)

mean (SD) mean (SD) Remission**

A 5.1 (1.2) 3.5 (1.5) –1.65 (1.4) 43/27 3.67 (1.2)

B 5.2 (1.2) 3.5 (1.4) –1.68 (1.4) 41/25†† 3.73 (1.2)

C* 5.2 (1.2) 3.5 (1.5) –1.68 (1.4) 42/26†† 3.70 (1.2)

D 5.2 (1.2) 3.5 (1.4) –1.68 (1.4) 41/25†† 3.73 (1.2)

E 5.9 (1.0) 3.9 (1.4) –1.97 (1.5) 30††/16†† 4.20 (1.1)

F* 6.3 (1.0) 3.9 (1.6) –2.35 (1.5) 35/20 4.30 (1.2)

G 6.2 (1.0) 3.8 (1.6) –2.45 (1.4) 39/25 4.24 (1.3)

H 6.4 (0.9) 4.0 (1.5) –2.38 (1.5) 26††/21 4.48 (1.2)

I* 6.3 (1.1) 3.7 (1.6) –2.57 (1.4) 42/25 4.29 (1.2)

J 6.4 (1.0) 3.7 (1.6) –2.65 (1.5) 41/29 4.36 (1.2)

K 6.4 (1.0) 4.0 (1.5) –2.44 (1.4) 29/19 4.53 (1.1)

† p < 0.001 compared with baseline. †† p < 0.05 compared with AdRA cohort. * Trials selected for pairwise com-

parison. ‡ LDAS, DAS28 at T = 28 weeks < 3.2. ** Remission, DAS28 at T = 28 weeks < 2.6. AdRA: large

prospective cohort of patients with RA treated with adalimumab; DAS28: 28-joint Disease Activity Score;

LDAS: low DAS.

Table 4. Difference between projection groups C, F, and I and the AdRA cohort.

Time-averaged DAS28 AUC

Comparison Difference Between 99% CI of the Difference

Projection Groups*

AdRA cohort vs trial C 0.035 0.000 to 0.091

AdRA cohort vs trial F 0.631 0.296 to 1.007

AdRA cohort vs trial I 0.626 0.179 to 1.122

Trial C vs trial F 0.595 0.263 to 0.965

Trial C vs trial I 0.591 0.152 to 1.077

Trial F vs trial I –0.004 –0.455 to 0.440

* Indicates mean value of the 100,000 differences in mean outcome measure between the groups obtained by the

bootstrapping procedure. AdRA: large prospective cohort of patients with rheumatoid arthritis treated with adal-

imumab; DAS28: 28-joint Disease Activity Score; AUC: area under the curve.
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cohort. In contrast to the previous one, this trial used strict

inclusion criteria. Figure 2 shows that the ACR20, 50, and 70

values over time of projection group K are much higher than

in the original trial and in the total AdRA cohort.

DISCUSSION

Our simulation study shows that different levels of initial dis-

ease activity used as inclusion criteria lead to different levels

of clinical response, i.e., improvement of DAS28 from base-

line. A novel finding is the effect of adalimumab expressed as

outcome, i.e., final disease activity appeared mostly inde-

pendent of initial disease activity. Thus the differences in

DAS28 improvement can mostly be attributed to differences

in DAS28 scores at the start of treatment.

Further, there might also be differences between the out-

come of the original trial, the outcome of projection of that

trial in the AdRA cohort, and the whole AdRA cohort (Figures

1 and 2), which appear to depend on the strictness of the inclu-

sion criteria. However, the statistical significance of these dif-

ferences could not be assessed because we did not have

detailed patient information from the original trial. For the

comparison we used the efficacy outcome from the original

trial (DAS28 or ACR response). This comparison is valid

because treatment is the same in the AdRA cohort, and thus in

the projection group of the clinical trial and in the trials

 themselves.

A limitation of our study is that some projection groups,

such as projection group K (n = 22), have a low number of

patients. This may be an explanation of the large differences

in Figure 2.

In most clinical trials, the ACR response is based on a

66/68-joint count. Since we based the ACR response on a 28-

joint count, the percentage change in tender and swollen joint

count more rapidly rises or falls with the increase or decrease

of severity of illness by one joint, which results in a more

rapid increase or decrease in ACR response. This could be

another reason why the results of projection group K in Figure

2 are much higher than in the original trial.

Our study shows that different inclusion criteria for clini-

cal trials can have a marked effect on the expected response,

i.e., improvement from baseline. This may lead to greater or

less clinical response of patients in daily clinical practice.

However, the importance of this finding may diminish if our

results can be confirmed that in the end, final disease activity

appeared to be much less dependent on initial disease activity.

Most patients reached a similar level of disease activity,

5Visman, et al: Trial criteria and adalimumab
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Figure 1. Changes in the 28-joint Disease Activity Score in the AdRA cohort

(a large group of patients with rheumatoid arthritis who were treated with

adalimumab), the projection group C (the AdRA projection group based on

the Barrera, et al, inclusion criteria), and the original Barrera 2002 trial22.

Figure 2. American College of Rheumatology (ACR) response in the AdRA

cohort of patients with rheumatoid arthritis who were treated with adali-

mumab, projection group K (the AdRA projection group based on the van de

Putte, et al, inclusion criteria), and the van de Putte 2004 trial29.
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regardless of their initial disease activity. In this case the cli-

nician could turn to (or calculate) the end result of clinical

studies to aid treatment decisions in daily clinical practice.

This novel finding suggests that for daily practice one can

assume that adalimumab treatment will, on average, result in

a DAS28 between 3.5 and 4.0 after 28 weeks of treatment,

regardless of baseline disease activity.
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