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DISCUSSION AND SUMMARY

Adalimumab and etanercept are effective treatments for rheumatic diseases, but in 
order to improve efficacy and to prevent overexposure it is inevitable to personalize 
treatments. The specific characteristics of adalimumab and etanercept are, 
however, rarely addressed in the search for a more personalized treatment. Long-
term studies are lacking and therapeutic drug monitoring (TDM) is not yet applied in 
rheumatology. In this thesis, the long-term efficacy of adalimumab and etanercept 
was first investigated. Subsequent, dose-reduction strategies were investigated 
and how switching between those two drugs could be optimized. At last, we 
investigated whether measuring TNF concentrations could improve treatment. 

Chapter 2 explored the effect of methotrexate (MTX) in both adalimumab- and 
etanercept-treated RA patients. In an observational study of 873 rheumatoid 
arthritis (RA) patients, we showed that patients treated with adalimumab and 
concomitant MTX were more likely to achieve sustained minimal disease activity 
(MDA) compared to no concomitant MTX after 2-year follow-up. No significant 
difference was found between etanercept-treated patients. This in contrast to prior 
studies in etanercept-treated patients. Some studies, however, included patients 
with a MTX-free period of at least 6 months.1 It is reasonable that etanercept and 
MTX together affected disease status more than etanercept- or MTX-monotherapy 
would do. This situation does, however, not reflect clinical setting and does not show 
the synergetic effect of MTX. Patients in our study were already treated with MTX, if 
tolerated. The difference between adalimumab and etanercept could be explained 
by the fact that immunogenicity affects adalimumab treatment, but is negligible 
in etanercept. MTX use is related to anti-drug antibodies (ADAs) and to serum 
drug concentrations.2,3 Other explanations, however, cannot be excluded, since 
no drug concentrations and ADAs were included in this study. The strength of our 
large cohorts is that a similar design is used for both etanercept and adalimumab. 
Confounding by indication could, however, affect treatment response. Overall, this 
study showed that considering good clinical response, a synergetic effect of MTX 
is observed only in adalimumab treatment.

Although adalimumab and etanercept have shown to be effective in RA, long-term 
follow-up studies in the ankylosing spondylitis (AS) populations are scarce. We, 
therefore, studied in Chapter 3 the long-term drug survival of adalimumab and 
etanercept in AS patients. We found no significant difference in clinical efficacy 
between adalimumab- and etanercept-treated patients at 2-year follow-up. 
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Mean (± standard deviation; SD) ankylosing spondylitis disease activity score 
(ASDAS), using C-reactive protein (CRP) was 1.9 ± 1.1 for adalimumab and 2.0 ± 0.9 
for etanercept. Respectively, 68% versus 61% achieved MDA at the end of the study. 
Drug survival, however, was significantly higher for etanercept-treated patients 
compared to adalimumab (Hazard ratio 2.1; 95% CI 1.3 – 3.5; p<0.01). Sixteen 
percent of the etanercept-treated patients discontinued treatment versus 33% in 
adalimumab. Once again, MTX use could be an explanation for the differences 
found. Contrary to RA, MTX is only occasionally prescribed for treatment of AS. 
Only 4% of the adalimumab-treated patients used concomitant MTX. As described 
in Chapter 2, MTX plays an important role in the efficacy of adalimumab. This 
might cause a lower drug survival for adalimumab in AS patients. It is important to 
note that the cohorts were not designed to compare etanercept and adalimumab 
directly. Baseline characteristics of our study showed that both cohorts were 
representative of AS patients treated in routine care, albeit that patients treated 
with etanercept had a higher bath ankylosing spondylitis functional index (BASFI) 
and CRP at baseline.

Both adalimumab and etanercept are prescribed in a standard dose, which is more 
than necessary for a substantial proportion of patients. Avoiding overexposure is 
important in the view of adverse events and to reduce costs.4,5 Chapter 4 and 5 
explored whether, and how, the dose could be decreased safely. For adalimumab, 
measuring drug concentration could be useful in order to reduce overexposure.6,7 

Chapter 4 describes a randomized controlled trial investigating whether RA 
patients with adalimumab trough concentrations higher than 8 µg/mL were able to 
reduce the dosing-interval by 50% without affecting disease control. The difference 
in the change in disease activity score, using 28 joint count (ΔDAS28) at week 
28 compared to baseline was 0.44 in favor of the prolongation group (p=0.01). 
Most patients remained concentrations above 5 µg/mL, and it had no clinical 
consequences in the 28 weeks thereafter in the patients in whom it decreased 
slightly below 5 µg/mL. For many patients in remission, concentrations lower than 
5 µg/mL might be sufficient to remain in that state.8–10 One of the limitations of 
the study is that the median treatment duration of adalimumab was 5.5 years and 
concerned only patients in a state of remission, although this was not an inclusion 
criterion. This study also showed that expectation bias is one of the concerns in 
dose-reduction studies, because some patients elected to go back to standard 
dosing even though DAS28, neither simplified disease activity index (SDAI) or 
clinical disease activity index (CDAI), had not increased to a relevant degree.
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Chapter 5 describes a randomized controlled trial investigating dose-reduction in 
etanercept-treated patients with RA, psoriatic arthritis (PsA) and AS. We found that 
the majority of PsA and AS patients could successfully double the dosing-interval 
of etanercept for a period of at least 6 months, just like RA patients. Flare rates were 
lower, but still relatively high in patients continuing standard dosing. Importantly, 
we confirmed that most patients failing MDA can regain it under standard dose 
treatment. Dose reduction trials in RA and AS have reported success rates between 
the 44% and 87%.11–15 We are aware of only one (cohort) study in PsA patients 
with a success rate of 72%.13 This is the first study to assess drug concentrations 
during tapering. All but one patient had detectable drug concentrations after dose 
prolongation, with a median drug concentration around 0.5 µg/mL. Although little 
is known about the minimum necessary concentration, these results suggest a 
very low concentration is sufficient to control disease in the majority of patients 
once MDA is achieved. The study has limitations; a noninferiority design with a 
larger group of patients would have yielded more definite conclusions. Also, the 
lack of well-defined definition of flare criteria complicated the interpretation of 
successful tapering and discontinuation. Both Chapter 4 and 5 demonstrated that 
the dosing-interval can be prolonged in the majority of patients. We also showed 
that a substantial proportion of patients was also able to stop etanercept treatment. 
Drug costs can be reduced extensively with this straightforward and pragmatic 
dose-reduction strategy. More research is necessary to investigate whether dose-
reduction also reduces adverse events.

It is challenging to choose an effective second treatment in case the first tumour 
necrosis factor inhibitor (TNFi) was insufficient. One may switch to a second TNFi 
or switch to another mode of action, but no clear recommendations are made.16 
Reduced efficacy can be a result of very low or undetectable serum concentrations 
at which target blockade is inadequate.6,17 Chapter 6 explored the relationship 
between adalimumab concentrations of RA patients whom discontinued 
adalimumab, and the efficacy of their second TNFi, etanercept. We found that 
patients with a serum concentration of <0.5 µg/mL, at the time they discontinued 
adalimumab, responded well to etanercept, at a similar rate to biologic-naive 
patients starting etanercept. Patients with concentrations between 0.5 and 5.0 µg/
mL, as well as those with concentrations ≥5.0 µg/mL, responded less often to 
etanercept compared to biologic-naïve patients. Previous studies focused on the 
detection of ADAs instead of drug concentrations. With the development of more 
sensitive assays, it has become clear that most patients develop ADAs, but to a 
widely different degree.18 ADA detection is assay dependent and, in the end, it is 
the drug exposure that determines pharmacokinetic effects. 
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Therefore, the drug concentration is a more informative parameter than measuring 
ADAs in clinical setting. Because of the limited number of patients in the switchers 
subgroups, a larger study population is required to validate these results. In 
addition, the precise cut-off for the minimal concentration needed to control the 
target should be investigated further. 

To study this, a considerable number of patients with low concentrations are 
required. Such patients are, however, sparse in clinical setting. Our findings indicate 
that drug concentrations can be used to identify those switchers who can benefit 
from a second TNFi. Chapter 4 and 6 showed that TDM can improve treatment 
with TNFi in rheumatic diseases.

In the last part of this thesis, the target TNF was investigated. We expected 
that a decline in TNF concentrations could predict successful treatment 
discontinuation.19,20 In Chapter 7, TNF concentrations were measured with a new 
drug-tolerant assay in a large observational cohort of 193 RA patients treated with 
adalimumab. In contrast to what was expected, TNF concentrations remained 
completely stable in the vast majority of patients. TNF concentrations declined 
only in a few patients. This was related to undetectable drug concentration as 
a result of ADA formation. The data suggests that an adalimumab concentration 
around as low as 0.1 µg/mL is sufficient for near quantitative in vivo capture of TNF. 
The vast majority of TNF will be in complex with the drug above this adalimumab 
concentration. We, moreover, found in patients whom discontinued adalimumab 
that TNF concentrations remained stable up to 24 weeks if the adalimumab 
concentration was above 0.1 µg/mL. This raises the question when a patient can 
truly be classified as having discontinued adalimumab. It also supports the idea 
that concentrations lower than 5 µg/mL are sufficient to control disease activity 
in a later treatment phase, as described in Chapter 4. Additionally, we found that 
patients treated without concomitant MTX had lower TNF concentrations and 
that these lower TNF concentrations were related to the presence of ADAs and 
to poorer clinical response. The relationship between early low TNF and ADAs 
was even more pronounced in healthy volunteers who had received one dose of 
adalimumab (biosimilar). It is important to realize that, although peripheral drug and 
target concentrations are supposed to be a good surrogate, actual concentrations 
at the sites of inflammation might differ. Overall, these findings indicate that the TNF 
concentration cannot be used as a prognostic marker for treatment discontinuation. 
However, early low TNF concentrations can be used as an indicator to predict 
future ADA formation in the early phase of treatment.
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Chapter 7 indicates that MTX does affect ADA formation, which in turn is 
associated with early low TNF concentrations. However, it cannot be excluded 
that MTX has a direct effect on TNF production. It is assumed that immunogenicity 
does not play a clinically relevant role in etanercept treatment.21 Therefore, the 
effect of MTX on TNF concentrations, independent of ADAs, can be investigated 
more appropriately in etanercept treatment. In Chapter 8, TNF concentrations 
were measured, with a drug-tolerant assay, in an observational cohort of 
186 etanercept-treated RA patients and related to clinical response and drug 
concentrations. No relationship was found between MTX use at baseline and TNF 
concentrations at week 4, in contrast to findings observed with adalimumab. This 
implies that MTX does not have a direct effect on TNF concentrations and that the 
association between early low TNF and MTX in adalimumab-treated RA patients 
is due to antibody formation. Moreover, TNF concentrations during etanercept 
treatment did not associate with clinical outcomes, as in adalimumab. Together, 
these findings indicate that TNF in circulation (which is in complex with the drug, 
and biologically inactive) is not a reflection of inflammation or disease activity. 

Concluding remarks and future directions
This thesis elucidates the first steps for implementation of TDM in treatment of 
rheumatic diseases. Furthermore, this thesis showed that overexposure can be 
reduced significantly and that efficacy can be enhanced by addressing the specific 
characteristics of etanercept and adalimumab. Finally, this work showed how TNF 
concentrations can be useful to detect non-response in the early treatment phase. 
However, further research is necessary to refine personalized drug treatment.

We focused on the long-term efficacy of adalimumab and etanercept, and to what 
extent MTX can enhance these treatments in the first part of this study. Besides 
reduction of the biological dose, patients frequently ask whether the MTX dose can 
be reduced once in remission. However, whether MTX dose can be safely reduced 
has to be investigated further. The role of MTX in controlling immunogenicity should 
be addressed. Only a few studies addressed this subject, but none incorporated 
drug concentrations or ADAs in the study design.

A first step towards TDM was described in Chapter 4. We showed that 
adalimumab-treated RA patients with concentrations higher than 8 µg/mL were 
able to prolong the interval to every 3 weeks without increase of disease activity. 
Our research group recently developed an algorithm, based on pharmacokinetic/
pharmacodynamic (PK/PD) modeling, to personalize the dose further. 
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This algorithm showed that, for example, a patient with a drug concentration of 10 
µg/mL is expected to prolong the dosing-interval directly to once every four weeks 
in order to achieve a concentration of 5 µg/mL. Patients will be able to prolong the 
dosing-interval straightforward and more quickly with the use of these algorithms. 
A large randomized study has been started yet to validate this algorithm. 

In the first treatment phase (e.g. 6 months), it is expected that concentrations 
must be high enough to control immunogenicity. Previous studies showed that 
a concentration of 5 µg/mL is adequate for initial response to adalimumab. This 
thesis (Chapter 5, 6 and 7) suggest that concentrations of 0.1-0.5 might be 
sufficient to control TNF blockade after 28 weeks of treatment. A drug level of 2 
µg/mL is suggested to be sufficient (and safe) to control disease activity after 28 
weeks of treatment. More than 80% of the adalimumab-treated patients has a drug 
concentration higher than 2 µg/mL and would, thus, be overexposed. It would have 
an enormous impact to reduce overexposure regarding possible adverse events 
and drug costs.

This thesis showed that overexposure is common in adalimumab and etanercept 
treatment. Adalimumab and etanercept are the most frequently used TNFi in 
rheumatology and our findings can have, therefore, an enormous clinical impact. 
It is plausible that overexposure concerns all biological agents. Data about the 
minimal effective drug concentration for these biologics is, however, not available 
or limited. We showed that only 0.1-0.5 µg/mL might be sufficient. A considerable 
number of patients with low concentrations is required to determine the precise 
cut-off values. Such patients are sparse in clinical setting, although some data 
might be drawn from dose-finding studies. Further, research should be aimed to 
determine the minimum effective concentrations.

CONCLUSION

Obviously, drug concentrations can provide insight in the effectiveness of the drug 
and should be considered in clinical setting. The minimal effective concentrations 
should be established for each treatment in order to develop PK/PD algorithms. This 
would greatly enhance the implementation of TDM in the treatment of rheumatic 
diseases.  
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