
Full Terms & Conditions of access and use can be found at
https://informahealthcare.com/action/journalInformation?journalCode=iemt20

Expert Opinion on Drug Metabolism & Toxicology

ISSN: 1742-5255 (Print) 1744-7607 (Online) Journal homepage: informahealthcare.com/journals/iemt20

Drug transport and metabolism of novel
anticancer drugs

Godefridus J Peters & Richard J Honeywell

To cite this article: Godefridus J Peters & Richard J Honeywell (2015) Drug transport and
metabolism of novel anticancer drugs, Expert Opinion on Drug Metabolism & Toxicology, 11:5,
661-663, DOI: 10.1517/17425255.2015.1041255

To link to this article:  https://doi.org/10.1517/17425255.2015.1041255

Published online: 04 May 2015.

Submit your article to this journal 

Article views: 804

View related articles 

View Crossmark data

Citing articles: 3 View citing articles 

https://informahealthcare.com/action/journalInformation?journalCode=iemt20
https://informahealthcare.com/journals/iemt20?src=pdf
https://informahealthcare.com/action/showCitFormats?doi=10.1517/17425255.2015.1041255
https://doi.org/10.1517/17425255.2015.1041255
https://informahealthcare.com/action/authorSubmission?journalCode=iemt20&show=instructions&src=pdf
https://informahealthcare.com/action/authorSubmission?journalCode=iemt20&show=instructions&src=pdf
https://informahealthcare.com/doi/mlt/10.1517/17425255.2015.1041255?src=pdf
https://informahealthcare.com/doi/mlt/10.1517/17425255.2015.1041255?src=pdf
http://crossmark.crossref.org/dialog/?doi=10.1517/17425255.2015.1041255&domain=pdf&date_stamp=04 May 2015
http://crossmark.crossref.org/dialog/?doi=10.1517/17425255.2015.1041255&domain=pdf&date_stamp=04 May 2015
https://informahealthcare.com/doi/citedby/10.1517/17425255.2015.1041255?src=pdf
https://informahealthcare.com/doi/citedby/10.1517/17425255.2015.1041255?src=pdf


Editorial

Drug transport and metabolism of
novel anticancer drugs
Godefridus J Peters† & Richard J Honeywell
VU University Medical Center, Department of Medical Oncology, Amsterdam, The Netherlands

Expert Opin. Drug Metab. Toxicol. (2015) 11(5):661-663

Many anticancer drugs need to be metabolized in order to exert their action,
including the antitumor effect but unfortunately metabolism may also result in
the formation of toxic metabolites. Metabolism may also change the physico-
chemical properties of a molecule so that it may or may not become a substrate
for one of the efflux pumps, such as the ABC transporters, including P-glycopro-
tein, the multidrug resistance proteins and the breast cancer resistance protein
(BCRP) [1]. This can lead to unwanted accumulation in normal tissues resulting
in toxicity. These usually poor physico-chemical properties [2] also determine
whether a compound will be a substrate for one of the many influx transporters,
such as the organic cation transporters or the organic anion transporters.

Although metabolism was recognized to be an important aspect in tumor devel-
opment (e.g., according to the Warburg hypothesis) and drug metabolism, these
properties tended to be neglected in drug development in the last decade of the
twentieth and the first of twenty-first century. Early anticancer drug development
focused on the increased need of tumor cells for DNA synthesis, leading to drugs
that alter the synthesis of DNA and RNA precursors, such as the antimetabolites [3],
or drug affecting the DNA structure, such as alkylating agents, anti-tubulins and
platinum analogs. Both serendipity and rational drug design played major roles in
drug development with nitrogen mustards and methotrexate, respectively, as classi-
cal examples [4]. However, for all these drugs, possibly by their nature, it was recog-
nized that metabolism plays a major role in antitumor activity, resistance and
toxicity. In the early stages of the development of protein kinase inhibitors, the
focus was on the target and only protein kinase inhibitors were considered as tar-
geted therapy or even molecular targeted therapy, neglecting that the classical anti-
folate methotrexate has only one target, dihydrofolate reductase [5], and that
hormonal therapy was targeted against, for example, the estrogen receptor [6]. More-
over, one of the major molecules in the cell, DNA, is targeted by drugs like cisplatin
and oxaliplatin [7], which can be considered as an early example of molecular tar-
geted therapy. Neglecting the important role of metabolism in the pharmacology
of any drugs was a major drawback in the early development of protein kinase
inhibitors, resulting in poorly designed clinical trials and unexpected serious or
even life-threatening toxicities. Moreover, most of the targeted therapies appeared
to be multitargeted [8], and only recently it is being recognized that targeted therapy
might be effective in several tumors because of its multitargeted nature [2]. Tumor
cells are characterized by the presence of multiple altered signaling pathways, so
that protein kinase inhibitors can lead to an un-intended paradoxical activation of
other signaling pathways, either directly or via feedback loops [2]. This robustness
can be considered a hallmark of a cancer cell. Therefore a multitargeted protein
kinase inhibitor is more likely to be effective than a specific mono-targeted
drug [8]. Only tumors that are dependent on one specific mutation or translocation
(e.g., bcr-abl) are likely to be sensitive to a relatively specific protein kinase inhibi-
tor, such as imatinib [9], whose efficacy is negatively influenced by its metabolism
and by being a substrate for efflux transporters [10]. Crizotinib is targeted against
ALK, but in addition shows favorable pharmacokinetics [11]. Another advantage
can be achieved when the metabolite of a drug would inhibit another target,
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preferably tumor specific. However, metabolites often result
in toxicity by inhibition of the target or of off-target protein
kinases in normal tissues, with rash as typical example of
EGFR inhibition in skin [12].
This special issue of Expert Opinion on Drug Metabolism

and Toxicology aims to critically review the role of metabo-
lism and transport of novel anticancer agents, as well as to
evaluate novel insights on the regulation of metabolic enzymes
on currently used cytotoxic drugs. In various papers, the dif-
ferential roles of Phase I (oxidation) and II enzymes (conjuga-
tion, glucuronidation) in activation and inactivation are being
highlighted. The role of metabolism is highlighted for sorafe-
nib, whose properties change upon metabolism so that it
becomes a substrate for the efflux transporter BCRP, which
results in a different pharmacokinetic profile [13]. Such prop-
erties need to be taken into account in sophisticated mathe-
matical models that are currently more frequently being
applied for drug development [14,15]. Other aspects that are
highlighted in this issue is an overview of the physico-
chemical properties of the various protein kinase inhibi-
tors [16], which can lead to specific accumulation in cellular
organelles (e.g., sunitinib in lysosomes), preventing them
from attacking their target [17]. Other papers describe the
important role of degradation in preventing drug toxicity
(e.g., gemcitabine and 5-fluorouracil [5FU]) [18,19], but also
limiting the antitumor activity. Interestingly, a high activity
of cytidine deaminase reduces the toxicity of gemcitabine
(and its efficacy), but may lead to a better efficacy (and some-
times increased toxicity) of the 5FU prodrug capecitabine.
Splicing is a well-known process leading to correct formation
of a protein; however, several physiological processes are reg-
ulated by proteins formed by the process of alternative splic-
ing [20]. This process can be tissue specific but also altered in
tumors, leading to altered (or decreased) drug activation
resulting in drug resistance. The role of hepatic metabolism

in drug pharmacology (both the pharmacokinetics and phar-
macodynamics) is illustrated for the family of taxane
analogs [21]. Other important issues that are covered in this
special issue are the role of gender in drug metabolism, age,
co-medication, alternative medicine and interethnic differen-
ces [6,19]. The latter aspects are gaining much more impor-
tance in the development of personalized therapy, as drug
metabolism has been shown to be different between various
populations. It has been shown that important genetic poly-
morphisms exist between Asian and Caucasian population as
well as between Caucasians and African black popula-
tions [19,22]. This will affect hormonal therapy, cytotoxic ther-
apy as well as tyrosine kinase inhibitors. Obesity is a lifestyle
factor that not only increases the chance of developing cancer
but also influences drug metabolism, while drugs may accu-
mulate in fatty tissues affecting their pharmacokinetics. Inter-
estingly, erlotinib’s metabolism is increased by smoking
through induction of CYP450 enzymes, but smoking may
also reduce the effect of other drugs such as irinotecan and
gemcitabine [23,24].

In summary, this special issue of Expert Opinion on Drug
Metabolism and Toxicology not only highlights the impor-
tant role of drug metabolism in the efficacy of novel antican-
cer agents, but also puts emphasis on unexpected effects of
metabolism on currently used medication, especially when
they are used in combination with novel drugs.
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