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Monitoring therapeutic drug
dosage in rheumatic diseases,
chronic inflammatory bowel
diseases and psoriasis
by Dr Jacqueline Gosink

Tumour necrosis factor (TNF) inhibitors are increasingly used to treat chronic
inflammatory bowel diseases, rheumatic diseases and psoriasis. Continuous drug
level monitoring and administration interval adjustment accompanying the
treatment with TNF inhibitors is the key to successful, individualized and targeted
patient care. Concentrations of the TNF inhibitors adalimumab or infliximab can be
specifically measured by serological assays. One possible cause of a decrease in
drug efficacy is the generation of antibodies against adalimumab or infliximab and
sensitive detection of these anti-drug antibodies is also possible. Monitoring drug
levels may contribute to effective and successful therapeutic treatment strategy.

Introduction

Therapeutic drug monitoring

In autoimmune diseases, such as chronic inflammatory bowel
diseases (Crohn’s disease, ulcerative colitis), rheumatic diseases
(rheumatoid arthritis, spondyloarthrosis) and psoriasis, the individual’s immune response is directed against its own healthy cells
and tissues. During the misdirected inflammatory response, macrophages produce and release the pro-inflammatory cytokines such
as TNF, which induces fever, apoptotic cell death and inflammation.
Treatment with TNF inhibitors interrupts the inflammatory response
by neutralization of TNF activity. TNF inhibitors are biologics in
form of monoclonal antibodies that bind mono specifically to TNF.
Prominent representatives of monoclonal antibodies against TNF
are infliximab (IFX) and adalimumab (ADL). IFX is a chimeric monoclonal antibody and acts as the active ingredient of Remicade®,
which was the first drug from the group of TNF inhibitors to be
approved for therapeutic use in 1998. ADL is an entirely human
monoclonal antibody and is the active ingredient of Humira®.

Autoimmune diseases such as rheumatic diseases, chronic
inflammatory bowel diseases and psoriasis cannot be cured.
Instead, patients are treated symptomatically with antiinflammatory drugs, such as TNF inhibitors. However, the
clinical reality shows that patients exhibit deviant responses
to these biologics, as pharmacokinetics and pharmacodynamics
differ from patient to patient and fluctuations occur in time.
Pharmacokinetics includes the absorption, distribution,
metabolism and excretion of the drug, whereas pharmacodynamics describes biochemical and physiological mechanisms
of action and effects of a drug within the human body.

It was first approved in 2002 and can be administered subcutaneously by the patients themselves. As an economic alternative to
the original prepar-ations, biosimilars are available for both drugs.
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Therapeutic drug monitoring (TDM) can be used to manage
and optimize drug administration based on measurement of
drug concentration [1]. TDM is beneficial if dosage of a drug
shows high pharmacokinetic variability and has an optimal
therapeutic dose which may show clear reduction of symptoms
with some delay after start of treatment.

Therapeutic window

Clinical effect

High

Moderate

Low

Optimal

Too low/ineffective

Too high/toxic

Concentration of IFX or ADL

Figure 1. Schematic depiction of a typical dose–effect curve in patient studies for the determination of the optimal drug level
An increase in drug concentration leads to continuous improvement of the clinical symptoms until an optimal concentration
range is reached. A further increase of drug concentration no longer leads to significant symptom improvement, but may result
in adverse effects for the patient.

In ADL or IFX treatment, an increase in the drug level generally leads
to continuous improvement of the clinical symptoms until an
optimal concentration range is reached (plateau effect). In this
plateau, further increase of the drug level no longer leads to symptom improvement (Fig. 1). To reach the optimal range, the drug
dosage must be adjusted individually by measuring the effective
drug concentration in blood. In several studies, test systems from
Sanquin have been used for successful monitoring of optimal ADL
and IFX concentrations [2–5]. For precise monitoring of the drug
level, TDM should be initiated at an early stage and kept up for
successful treatment and also continued after adjustment of the
drug dose to the optimal range. Continuous drug level monitoring
accompanying treatment with TNF inhibitors is key to individualized, targeted and cost-efficient patient care [6, 7].

Strategies of TDM:
Proactive and reactive TDM
In proactive TDM, drug levels are measured in a scheduled,
prophylactic manner aiming to optimize therapy to avoid
supratherapeutic drug levels and prevent future disease
activity. Proactive TDM is explicitly performed also in patients
who show either a significant improvement in symptoms or
persisting symptoms without any significant deterioration after
therapy initiation. In the event of supratherapeutic drug levels,
these can be recognized promptly and corrected by reducing
the dosage [8] and/or administration intervals to avoid

preventable side effects and successfully reduce the strain
on the patient. MabTrack Level ELISAs (Sanquin Reagents,
distributed worldwide by EUROIMMUN) can be used to
precisely determine the concentration of IFX or ADL in
patient serum or plasma (Fig. 2).
Treatment of patients in whom an optimal concentration of the
active agent can be observed may be continued with the same
or even a reduced drug dosage. A retrospective study provided
evidence that proactive TDM enables identification of patients
responding to the therapy (responders) and those who won’t
respond (non-responders), even at an early therapy stage [9].
In contrast, reactive TDM is exclusively applied in non-responders
to adjust the treatment as required. It allows investigation of
possible causes for subtherapeutic levels, i.e. insufficient therapy
adherence or the necessity of higher doses and/or interval
reduction due to the patient’s pharmacokinetics/
pharmacodynamics.

Anti-drug antibodies
Another cause for insufficient clinical effectiveness may be the
presence of specific antibodies against the drug (anti-drug
antibodies, ADA). Despite the good overall effectiveness of IFX or
ADL, a substantial number of patients form ADA [10], which can
hamper the effect of the drug when reaching high levels.
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Figure 2. ELISA test systems from Sanquin Reagents BV

ADA may circulate in the blood as either the free form or bound
to the respective drug. Low levels of ADA form few immune
complexes with the drug which is primarily still unbound and active
[11]. With increasing ADA formation, the amount of immune
complexes also rises. Eventually, at high ADA concentrations,
all drug is bound in immune complexes and additional free ADA
are present. At this point, active drug levels drop and treatment
efficacy is dramatically impaired. However, studies indicate, that
the detection of ADA does not fully correlate to the clinical
symptoms in the tested patients [12, 13].
MabTrack Anti-Drug Antibody ELISAs (Sanquin Reagents BV),
which enable specific detection of antibodies against infliximab
or adalimumab as well as against their biosimilars, are easy to
perform and can be fully automated, exclusively detect free

		

(and usually more clinically relevant) ADA. Therefore, following
the TDM strategy concerted with the Sanquin MabTrack Level
ELISAs, ADA levels shall only be determined in case of drug
levels dropping below a threshold of 0.5 µg/ml.

Summary
Thus, in addition to assessment of clinical symptoms, a combination of both regular drug monitoring and determination of ADA
supports decisions about adjustments of the drug dosage and an
early switch to other therapeutics in non-responders in order
to improve the therapeutic effectiveness.
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