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ConCise report

Successful reduction of overexposure in patients with 
rheumatoid arthritis with high serum adalimumab 
concentrations: an open-label, non-inferiority, 
randomised clinical trial
Merel J l’Ami,1 Charlotte LM Krieckaert,1 Michael t nurmohamed,1,2 
ronald F van Vollenhoven,1,2,3 theo rispens,4 Maarten Boers,2,5 Gerrit Jan Wolbink1,4

AbstrACt
Objective High adalimumab serum concentrations do 
not result in better response in patients with rheumatoid 
arthritis (rA), suggesting overexposure. We investigated 
whether patients with adalimumab concentrations 
>8 µg/mL can prolong their dosing interval by 50% 
without a clinically relevant change in disease activity.
Methods Consecutive patients with rA, treated with 
adalimumab 40 mg every other week for at least 28 
weeks, were approached for this randomised, open-label, 
non-inferiority trial. patients with adalimumab trough 
concentrations >8 µg/mL were randomly (1:1) assigned 
to dose-interval prolongation of once every 3 weeks 
or continuation of every other week. primary outcome 
was the change in disease activity score of 28 joints 
(ΔDAs28-esr) after 28 weeks, with a non-inferiority 
margin of 0.6 points.
results in total, 147 patients were screened. Fifty-
five patients had concentrations >8 µg/mL and 
were randomised. Mean ΔDAs28 after 28 weeks 
was –0.14±sD 0.61 in the prolongation group and 
0.30±0.52 in the continuation group. Mean difference 
was significantly in favour of the prolongation group: 
0.44 (95% Ci 0.12 to 0.76, p=0.01).
Conclusions Adalimumab-treated patients with rA 
with trough concentrations >8 µg/mL can prolong their 
standard dosing interval to once every 3 weeks without 
loss of disease control.
trial registration number ntr3509; results.

IntrOduCtIOn
Biologic disease-modifying anti-rheumatic drugs 
(bDMARDs) have become important in the treat-
ment of rheumatoid arthritis (RA) and improved 
prognosis.1 2 Adalimumab, a monoclonal anti-
body targeting tumour necrosis factor (TNF), is 
frequently prescribed in RA. Several factors (such 
as immunogenicity) strongly affect its pharmaco-
kinetics, resulting in a wide range of adalimumab 
concentrations at the approved dose.3–7 Higher 
adalimumab concentrations result in better clinical 
response, but the curve plateaus around 5 µg/mL.5 6 
Thus, patients with steady-state trough concentra-
tions above 5 µg/mL are most likely overexposed.

Identification of and acting on overexposure 
will reduce drug costs and possibly risk of adverse 
events.8 9 We investigated whether we could prolong 

the interval by 50% in patients with RA with adali-
mumab trough concentrations of at least 8 µg/mL 
without affecting disease control.

MethOds
study design, patients and intervention
This 28-week, open-label, randomised, paral-
lel-group, non-inferiority trial was performed in 
the Amsterdam Rheumatology and immunology 
Center, location Reade, The Netherlands. A full 
description of the methods is provided in the 
online supplementary appendix. Briefly, adalim-
umab serum trough concentrations were deter-
mined in patients with RA (American College of 
Rheumatology 1987 criteria10) who had been 
treated with adalimumab 40 mg every other week 
for at least 28 weeks and had no indication for 
adjustment of adalimumab treatment, discontinu-
ation or a scheduled surgery in the next 6 months. 
Patients with concentrations above 8 µg/mL were 
randomly assigned (1:1) to prolongation of the 
interval to 40 mg once every 3 weeks (prolongation 
group) or to continuation of the standard interval 
of every other week (continuation group). Both 
groups were followed for 28 weeks to ensure new 
steady state of adalimumab concentrations. The 
treating rheumatologist could change co-medica-
tion during follow-up. Given the linear clearance 
of adalimumab,5 the cut-off of 8 µg/mL was chosen 
to maintain concentrations above 5 µg/mL after 
interval prolongation to once every 3 weeks. The 
protocol was approved by the Slotervaart Hospital 
and Reade Medical Research Ethics Committee 
and was registered at the Dutch Trial Register 
(www. trialregister. nl) with trial number NTR3509. 
Patients gave written informed consent.

Outcomes
The primary endpoint was the change in disease 
activity score of 28 joints (∆DAS28-ESR) after 28 
weeks. A clinically relevant ∆DAS28 was defined 
as 0.6 points or more.11 Other outcomes included 
the change in clinical and simplified disease activity 
score (respectively CDAI and SDAI) and adalim-
umab concentration after week 28. Clinical and 
laboratory assessments were scheduled at baseline, 
12 and 28 weeks (visits 1, 2 and 3, respectively) and 
adverse events were monitored during follow-up. 

to cite: l’Ami MJ, 
Krieckaert CLM, 
nurmohamed Mt, 
et al. Ann Rheum Dis 
2018;77:484–487.

handling editor tore K Kvien

 ► Additional material is 
published online only. to view 
please visit the journal online 
(http:// dx. doi. org/ 10. 1136/ 
annrheumdis- 2017- 211781).

1rheumatology, Amsterdam 
rheumatology and immunology 
Center, Location reade, 
Amsterdam, netherlands
2rheumatology, Amsterdam 
rheumatology and immunology 
Center, Location VU University 
Medical Center, Amsterdam, 
netherlands
3rheumatology, Amsterdam 
rheumatology and immunology 
Center, Location Amsterdam 
Medical Center, Amsterdam, 
netherlands
4immunopathology, sanquin 
research and Landsteiner 
Laboratory, Amsterdam, 
netherlands
5epidemiology & Biostatistics, 
VU University Medical Center, 
Amsterdam, netherlands

Correspondence to
Merel J l’Ami, Amsterdam 
rheumatology and immunology 
Center, Amsterdam 1056 AB, 
the netherlands;  
 m. lami@ reade. nl

received 12 May 2017
revised 13 July 2017
Accepted 8 september 2017
published online First 
22 september 2017

 ► http://
 
dx.

 
doi.

 
org/

 
10.

 
1136/

 

annrheumdis-
 
2017-

 
212376

 

 on M
ay 16, 2023 by guest. P

rotected by copyright.
http://ard.bm

j.com
/

A
nn R

heum
 D

is: first published as 10.1136/annrheum
dis-2017-211781 on 22 S

eptem
ber 2017. D

ow
nloaded from

 

http://www.eular.org/
http://ard.bmj.com/
www.trialregister.nl
http://crossmark.crossref.org/dialog/?doi=10.1136/annrheumdis-2017-211781&domain=pdf&date_stamp=2018-03-07
http://dx.doi.org/10.1136/annrheumdis-2017-212376
http://dx.doi.org/10.1136/annrheumdis-2017-212376
http://ard.bmj.com/


485l'Ami MJ, et al. Ann Rheum Dis 2018;77:484–487. doi:10.1136/annrheumdis-2017-211781

Clinical and epidemiological research

Adalimumab serum trough concentrations were measured by 
ELISA previously described in detail.6

statistical analysis
The sample size calculation was based on the non-inferiority prin-
ciple, to exclude a difference in ∆DAS28 ≥0.6 to the detriment 
of the prolongation group with a one-sided 95% confidence 
boundary and a power of 80%, resulting in a sample size of 102 

patients. Given an anticipated dropout rate of 10%, 56 patients 
were calculated per group. In case of a difference in favour of the 
prolongation group, this difference would be tested for significance 
with a two-sided test (alpha 5%). T-tests were used for continuous 
variables and Fisher’s exact tests for proportions. Unless otherwise 
indicated, analyses were by intention to treat.

results
Patients
A total of 238 patients were assessed for eligibility for the study; 
86 patients refused to participate and 5 were excluded (trial 
profile in online supplementary appendix figure S1). Out of 147 
screened patients, 108 had an adalimumab concentration above 
5 µg/mL (73%) and 55 patients (37%) above 8 µg/mL (figure 1); 
the latter were randomised. Fifty-four patients were included for 
analyses and 53 completed follow-up (baseline characteristics; 
table 1). Because of frequently recurring infections, 1 patient 
prolonged the dosing interval to every 3 weeks (decided by the 
treating rheumatologist) after 18 weeks in the continuation 
group. Methotrexate dose was changed by the treating rheuma-
tologist in 6 patients and an intra-articular injection was given 
to 2 patients in the continuation group (online supplementary 
appendix; results). Although the inclusion period was extended 
with 2 years, the inclusion had to be stopped without reaching 
the target sample size. The main reason was a change in the insti-
tution preference policy for bDMARDs decreasing the number 
of eligible patients. The moment the study stopped, study staff 
had no knowledge of the accumulating study results.

Figure 1 Wide variation exists in adalimumab concentrations (µg/
mL) of screened patients. Each dot represents one patient. Patients with 
adalimumab concentration above 8 µg/mL were eligible to participate in 
the study. Mean and SD are shown in lines on the right.

table 1 Demographics, previous and concomitant therapies, and disease status

Interval prolongation (n=27) Continuation (n=27)

baseline Week 28 baseline Week 28

Demographics

  Age, mean±SD years 60   ± 10 – 58   ± 13 –

  Female, n (%) 25     (93) – 26     (96) –

  BMI, mean±SD 24.8 ± 5.0 – 23.8 ± 4.3 –

Previous therapies

  Prior DMARDs, median (IQR)  3     (2–3) –  2     (2–3) –

  Prior biologic, n (%)  4     (15) –  3     (11) –

   Adalimumab treatment, median (IQR) years  6.0   (2.9–8.0) –  5.5   (1.8–8.3) –

Concomitant therapies

  MTX use, n (%) 26     (96) 25     (93) 25     (93) 25     (93)

  MTX dosage, median (IQR) mg/week 20     (15–21) 15     (11–20) 15     (10–20) 15     (10–20)

  Prednisone use, n (%)  4     (15)  4     (15)  1     (4)  0     (0)

Disease status

  Disease duration, median (IQR) years 11     (8–18) – 11     (6–19) –

  ACPA positive, n (%) 18     (67) – 21     (78) –

  IgM-RF positive, n (%) 20     (74) – 20     (74) –

  Erosive disease, n (%) 17     (63) – 17     (63) –

  Primary outcome: DAS28-ESR, mean±SD  2.0 ± 0.8  1.9 ± 0.7  1.6 ± 0.7  2.0 ± 0.9

  Patient’s pain, median (IQR) mm 15     (3–38) 17     (4–34) 10     (6–21) 13     (9–22)

  Patient’s global, median (IQR) mm 15     (3–37) 16     (4–37) 15     (11–25) 19     (8–35)

  Physician’s global, median (IQR) mm  4     (3–14)  9     (2–21) 12     (5–17) 15     (7–26)

  Swollen joint count, median (IQR)  0     (0–0)  0     (0–0)  0     (0–0)  0     (0–0)

  Tender joint count, median (IQR)  0     (0–0)  0     (0–0)  0     (0–0)  0     (0–0)

  ESR, median (IQR) mm/hour  9     (5–18)  7     (5–18)  5     (3–11)  7     (4–14)

  CRP, median (IQR) mg/L  1     (1–3)  1     (1–2)  1     (1–3)  1     (1–2)

  HAQ, median (IQR)  0.4   (0.1–1.0)  0.5   (0.1–0.8)  0.5   (0.1–1.3)  0.6   (0.1–1.1)

ACPA, anticitrullinated protein antibody; BMI, body mass index; CRP, C-reactive protein; DAS28, 28 joints disease activity score; DMARDs, disease-modifying anti-rheumatic drugs; 
ESR, erythrocyte sedimentation rate; HAQ, Health Assessment Questionnaire; IgM-RF, IgM rheumatoid factor; MTX, methotrexate; SD, standard deviation.
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disease activity
Mean DAS28 improved minimally in the prolongation group 
(∆DAS28 –0.14±SD 0.61, n=27) and deteriorated somewhat in 
the continuation group (∆DAS28 0.30±0.52, n=24; figure 2). 
The difference in ∆DAS28 at 28 weeks was 0.44 in favour of 
the prolongation group (95% CI –0.76 to –0.12; p=0.01). Seven 
patients (26%) in the prolongation group versus 10 patients 
(37%) in the continuation group had an increase in DAS28 ≥0.6 
points after 28 weeks (p=0.56). Two out of these 7 preferred to 
return to the standard dose. Four other patients also preferred 
to return to the standard dose after interval prolongation (online 
supplementary appendix table S1). Results were similar for SDAI 
and CDAI (online supplementary appendix; results).

Adalimumab concentrations
In the prolongation group, mean adalimumab concentration 
decreased from 10.6±2.5 µg/mL to 6.6±2.0 µg/mL (n=26) 
at week 28 (figure 2). In seven patients, the concentration 
decreased below 5 µg/mL during 28-week follow-up. One of 
these 7 patients had an increase in DAS28 ≥0.6 and returned 
to standard dose. In the continuation group, the concentration 
decreased slightly from 10.4±2.4 µg/mL to 9.3±3.0 µg/mL 
(n=23); mean difference between the groups at week 28 was 
2.6 µg/mL (95% CI 1.2 to 4.1; p=0.001).

safety and adverse events
Fourteen patients reported an adverse event in the continuation 
group and 2 patients in the prolongation group (online supple-
mentary appendix table S2). No serious adverse events were 
reported.

dIsCussIOn
This study shows that adalimumab-treated RA patients with 
trough serum concentrations above 8 µg/mL can prolong their 

dosing interval to once every 3 weeks without an increase in 
disease activity. Considering mean change in disease activity, the 
prolongation group did well. Correspondingly, in most patients 
the adalimumab concentration remained above 5 µg/mL, previ-
ously shown to be the concentration needed to block TNF.6 In 
the few patients where adalimumab concentrations decreased 
slightly below this level, it had no clinical consequences in the 
28 weeks thereafter.

We observed an adalimumab concentration above 5 µg/mL 
in 73% of the patients. Avoiding overexposure is important in 
view of cost and possibly the risk of adverse events.8 9 Overex-
posure as a result of high adalimumab concentrations is indepen-
dent of disease activity since the cut-off of 5 µg/mL is observed 
in patients with active disease. For many patients in remission, 
concentrations lower than 5 µg/mL might be sufficient to remain 
in that state.12–17

This study has some limitations. Adalimumab treatment for 
at least 28 weeks was required for participation, but the median 
treatment duration with adalimumab was 5.5 years. As the 
concentration–response relationship is based on 28 weeks of 
treatment, we do expect interval prolongation to be possible 
shortly after initiation of adalimumab treatment. Although 
disease activity was no inclusion criterion, the study population 
comprised mainly patients in minimal disease activity state or 
remission. As noted above, we expect that a proportion of these 
patients could prolong the dosing interval even further. DAS28 
was missing in 3 out of 6 patients at the time they returned to 
standard dose. In the scenario that these patients all had an 
increase in DAS28 ≥0.6, a total of 10 patients instead of 7 
would have had a clinically relevant increase in disease activity. 
However, 10 patients in the continuation group also had an 
increase in DAS28 ≥0.6, suggesting such increases are part of 
the natural fluctuation in DAS28 during standard-dose treat-
ment.18 In addition, expectation bias is suggested by the fact that 
some patients elected to go back to standard dosing even though 
DAS28 had not increased to a relevant degree. Although DAS28 
may be insensitive to relevant changes in the low disease activity 
range, we saw similar effects in SDAI and CDAI. Nevertheless, 
more sensitive outcomes might be necessary in future studies to 
detect flares. Another potential limitation is the failure to include 
the required number of patients. All patients treated with adali-
mumab at our centre were approached for the study. However, 
fewer patients than expected were treated with adalimumab and 
around one-third refused to participate. Fear for relapse after 
interval prolongation was an often heard reason. As it happened, 
post hoc power was more than sufficient to document non-infe-
riority because change in DAS28 was statistically in favour to the 
prolongation group.

Drug costs can be reduced by 33%, that is, €5000 yearly per 
patient based on the cost of standard-dose adalimumab treat-
ment in the Netherlands. Beyond the scope of our study, similar 
concentration–response relationships have been published 
for adalimumab treatment in psoriatic arthritis and psoriasis, 
suggesting overexposure may be a feature in these diseases as 
well.19 20 Moreover, this study demonstrates the potential benefit 
of therapeutic drug monitoring.

In conclusion, this study shows that patients with RA on adali-
mumab with serum trough concentrations above 8 µg/mL can 
safely prolong their dosing interval to every 3 weeks without loss 
of disease control.
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