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introduction – sticky & dirty proteins

i n t roduc t ion

C linical pharmacology focuses on 
‘all aspects of the study and use of drugs 
in humans’ with the objective to treat pa-

tients rationally. Rational pharmacotherapy revolves 
around two core questions: ‘How does a drug reach its 
site of action in sufficient quantities?’ (i.e. pharma-
cokinetics) and ‘How does a drug exert an effect?’ (i.e. 
pharmacodynamics), which relates both to intended 
and unintended effects. Typically, answering these 
question involves an integration of various areas of 
knowledge on a pharmaceutical, including molecular 
mechanisms (sub-cellular level), (patho)physiology of 
the intended indication(s), drug distribution, interac-
tions, epidemiology, and individual characteristics.1

Although the execution of experiments with phar-
macologically active substances in living beings dates 
back to ancient times, this practice became a more 
scientifical character starting in the renaissance and 
progressing throughout the 19th century.2 Conversely, 
clinical pharmacology is a relatively young discipline 
with its roots in the 1950s.3 At that time, the majority 
of pharmaceuticals was chemically derived, meaning 
that raw materials are converted to the active (drug) 
substance by a series of chemical reactions. It is there-
fore not surprising that pharmacological knowledge 
and theories are largely based on experience with 
these so-called ‘small molecules’.

Since the 1980s biotechnologically derived drug 
substances have emerged.4,5 These ‘biopharmaceu-
ticals’ (or ‘biologicals’) are produced by manipulated 
organisms or living cell systems, usually via recom-
binant dna techniques. Naturally occurring human 
proteins – including coagulation factors, hormones, 
enzymes, and plasma constituents – have been man-
ufactured that way, as well as tailored or specifically 
developed proteins, mostly monoclonal antibodies 
(mAbs), which can be directed against signal pep-
tides, blocking receptors, or targeting cell types for 
destruction.4–8

Admittedly, drugs that could qualify as biophar-
maceuticals, such as insulin, were already in use by 
the 1920s. However, these drugs were then extracted 
from animal tissues, which posed additional difficul-
ties in terms of potency and safety.9 Many other drugs 

also have an origin in nature; for example, those de-
rived from (medicinal) plants (e.g. digitalis, morphine, 
salicylic acid, cytostatics) or from microbial secretions 
(e.g. many antibiotics and certain oncolytics), but such 
drugs are nowadays chemically synthesised.10–14

Biopharmaceuticals are among the most celebrated 
drugs; they have offered perspective to patients with 
previously incurable enzymatic or hormonal defi-
ciencies, they can specifically target cancer cells as 
opposed to the whole-body cytotoxic attack by chem-
otherapeutical agents, and they can block the activity 
of signal peptides that play a role in the pathophys-
iology of – for example – rheumatological diseases. 
Because of these benefits and the blockbuster state 
usually associated therewith, biopharmaceuticals 
are increasingly being developed, with an expected 
share of 27% of the total pharmaceutical market in 
2020 (73% of the top 20 product sales).15

In contrast to small molecules, biopharmaceuticals 
are much more complex in structure, with molecular 
weights of 3.5 (calcitonin) to 150 kDa (monoclonal 
antibodies), and sometimes consist of subunits (qua-
ternary structure). As a result of these differences, 
biopharmaceuticals display other pharmacokinetic 
properties compared with small molecules. For ex-
ample, they distribute more slowly over the body than 
small molecules, and are mainly eliminated via catab-
olism into amino-acids and target-mediated path-
ways.16–19

However, the pharmacokinetics of biopharmaceu-
ticals are commonly described by models that were 
suitably applied to small molecules. In the first sec-
tion of this thesis (Sticky proteins), some pharmacoki-
netic aspects of large therapeutical proteins will be 
explored, especially those that are not adequately cov-
ered by current pharmacokinetic models or theory. 
The focus will be on monoclonal antibodies, which 
represent the largest class of biopharmaceuticals, and 
because of their very slow plasma clearance, mAbs 
are particularly useful in investigating the complex 
pharmacokinetics of biopharmaceuticals.

The first chapter studies the use of a population 
modelling approach in testing pharmacokinetic bio-
similarity of a monoclonal antibody. This technique 
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is widely used during drug development to describe 
and predict drug concentration in the body over time, 
but in biosimilarity research a non-model approach 
is still favoured. The benefit of a pharmacokinetic 
model is that it can deal with the non-linear elimina-
tion pathways.

The following two chapters (2 & 3) discuss rises in 
plasma concentration after the cessation of intrave-
nous administration, which have been frequently 
observed for various biopharmaceuticals. These ob-
servations are not in agreement with the current un-
derstanding of how infused molecules behave. Even 
the aforementioned, more sophisticated, mathemati-
cal models that incorporate the known complex elim-
ination routes cannot account for these findings.

Apart from the higher level of complexity in phar-
macokinetics, biopharmaceuticals are associated 
with other safety hazards than small molecules. First, 
as a result of the production in (non-human) host cell 
systems, other substances than the pharmaceutical 
(called impurities) are introduced during manufac-
turing, some of which are harmful when adminis-
tered (e.g. endotoxin, peptidoglycans, or flagellin from 
bacterial hosts) or possess unintended (‘pharma-
cological’) activity. Second, safety pharmacology 
studies can be misleading, because the target that in-
teracts with the biopharmaceutical or the impurity is 
exclusively expressed in human beings. Additionally, 
the toxicity often is the result of an intricate inter-
play of multiple cell types and effector pathways 
which can be difficult to simulate in the laboratory. 

Again, the preclinical testing strategy to detect safety 
concerns and prevent dangerous drugs from entering 
the clinical phases of development has not changed 
much since the introduction of biopharmaceuti-
cals. The second section of this thesis (Dirty proteins) 
highlights shortcomings in assessments of adverse 
immunostimulation, which is a propensity of some 
monoclonal antibodies, but is also encountered as a 
result of impurities in the drug product.

In chapter 4, an attempt is made to reproduce the 
observed clinical response following administration 
of the monoclonal antibody trastuzumab in an ex vivo 
stimulation test, which included material from ‘re-
sponders’ and ‘non-responders’. Trastuzumab is an 
interesting example, because only 40% of patients 
shows signs of an inflammatory reaction20 and even 
lower percentages have been reported in healthy 
volunteers.21–23

Chapter 5 describes the history of a biopharmaceu-
tical where so-called host cell impurities, including 
flagellin, induced unanticipated adverse immunos-
timulation, which resulted in a severe delay in clin-
ical development. In this case, an ex vivo simulation 
test could detect cytokine release caused by the im-
purities. Thus, the question is raised why preclinical 
testing failed in generating a safety signal, especially 
since all the applicable guidelines were meticulously 
followed. The next chapter (6) answers this question 
and illustrates several shortcomings of the current 
testing strategy based on two examples of adverse 
immunostimulation caused by impurities.
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