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The latter portion of the twentieth and the beginning of the
twenty-first century has witnessed a “Therapeutic Revolu-
tion” in drug treatment, with the development of powerful
medicines to treat a broad range of diseases. However, due
to disparity in drug response, variation in both efficacy and
the occurrence of adverse drug reactions, significant chal-
lenges remain in optimizing pharmacologic therapy for
individual patients with many remaining resistant to cur-
rent treatments. The mechanism of action for many drugs
remains poorly understood and numerous human diseases
express great phenotypical heterogeneity suggesting that
these disorders are not unitary conditions but are a collec-
tion of entities that are yet to be defined. Thus, this inherent
variability coupled with intrinsic differences in pharmacol-
ogy makes it difficult to predict how an individual patient
may respond to a selected therapy driving the need for a
more personalized approach to treatment.

To address these issues, newly formed global initiatives
have been created to push the agenda for more precise and
personalized approaches to treatment. In 2016, the White
House announced the Precision Medicine Initiative (PMI)
alongside the ambitious ‘One Million Person Cohort’ to
help enable a new era of individualized care through coop-
erative efforts by researchers, healthcare providers, and
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patients. The National Institutes of Health and its director
Francis Collins have called for communities of researchers
from around the USA to make the case as to what set of
technologies and disciplines would afford the highest level
of efficacy in the development of the PMI. Many European
and Asian precision medicine initiatives are also emerging,
all necessitating the need for scaling up of metabolomics
capabilities and standardization of processes.

Our metabolomics community through the Precision
Medicine and Pharmacometabolomics Task Group of the
Metabolomics Society put forward vision, supporting data
and a case for an important role for metabolomics in such
precision medicine initiatives. This position is presented in
a white paper in this special issue. It is becoming clear that
genetics alone cannot explain all variation in drug-response
phenotypes and that additional factors, such as environment
exposures, diet, age, gender, ethnicity, disease subtype, the
use of other medications, and the gut microbiome can all
contribute to variation in drug response. New approaches
are needed to help capture the effect of these factors to sup-
plement genomic information. The new field of pharma-
cometabolomics also known as pharmacometabonomics,
involves determination of the metabolic state of an individ-
ual as affected by environmental, genetic, and gut micro-
biome influences—the so-called “metabotype”—to define
signatures that might inform about treatment outcomes
(Kaddurah Daouk and Weinshilboum 2014, 2015; Everett
2015). Pharmacometabolomics also provides tools for map-
ping the effects of drugs on metabolism and for identifying
pathways that contribute to drug-response variation. Base-
line information on metabotypes, when combined with sig-
natures for drug exposure, can potentially be used to better
define mechanisms of variation in response to drug therapy
(Kaddurah-Daouk and Weinshilboum 2014).
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This area of research led by the Pharmacogenomics and
Pharmacometabolomics Research Networks (Kaddurah-
Daouk and Weinshilboum 2014, 2015) with significant
funding from NIH has illustrated the promise of using
metabolomics data alone, or in combination with genomics
data to better inform clinicians about treatment outcomes
and mechanisms that underlie variation in response to
treatments. The White Paper in this special issue captures
developments in this new and rapidly growing field with
exemplification from over ten commonly used drugs. Sex
and ethnic background contribution to variation of response
can be captured and explained in part by metabolome data.
A historic study in animals by Imperial researchers and
their pharmaceutical consortium revealed how metabo-
lomics data at base line can inform about drug metabolism
and toxicity and infer the role of the gut microbiome (Clay-
ton et al. 2006). The first illustrated concept of “pharma-
cometabolomics informing pharmacogenomics” (Ji et al.
2011) led the way for using an integrated metabolic genetic
approach to drug response phenotyping.

Vast number of studies has subsequently validated
the importance of using metabolomics data in precision
medicine initiatives. With such unprecedented numbers of
samples, standardization at every level becomes key. One
approach of large-scale metabolic assessment has already
been set in to action in the UK residing at Imperial College
London with a growing number of linked National Phe-
nome Centers. These have been designed to harmonize the
collection and analytical protocols used in metabolic phe-
notyping and aim to impact healthcare similarly by creating
multilayered understanding of disease process and environ-
mental interaction. The Phenome concept has also spread
globally with a network of international partners that share
an interest in building a global infrastructure around har-
monized research methods and technologies.

In this special issue we take pleasure in presenting com-
pelling evidence for the important role for metabolomics in
informing about drug response, drug mechanism of action
and molecular basis for variation in response. Through a
series of reviews and original articles the authors of this
special issue highlight several applications for pharma-
cometabolomics in the study of drug effects. They illus-
trate its utility in clinical pharmacology and underline the
importance of the emerging field of quantitative and sys-
tems pharmacology where large data is starting to redefine
our understanding of how drugs work and work differently.

Armitage and Southam discuss how metabolomics and
lipidomics data can be used to identify metabolic biomark-
ers of cancer and to understand the mechanism-of-action of
anticancer therapies. They present considerations that can
maximize the clinical value of metabolic cancer biomarkers
including case-control, prognostic and longitudinal study
designs.
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The significance of variation in response to commonly
used antihypertensive therapies is investigated by de
Oliveira et al. They exemplify how the beta-blocker ateno-
lol, which is known to cause a therapeutic benefit that dif-
fers based on ethnic background, is associated with adverse
events including hyperglycemia and incident diabetes that
may offset the benefits of blood pressure reduction. By
combining large untargeted metabolomic and genomic
datasets acquired from hypertensive individuals treated
with atenolol, they illustrate how it may be possible to bet-
ter understand the pathways that most impact the therapeu-
tic benefit of the development of an adverse glycemic state
and how this can eventually lead to predictive biomarkers
that can optimize use of antihypertensives among popula-
tions. Weng et al. also focus on the metabolic side effects of
atenolol in a pharmacogenomic responses study in which
they target acylcarnitines implicated in mitochondrial ener-
getics. The level of these metabolites in serum are shown to
inform about adverse cardiometabolic responses including
glucose changes and diabetes development.

Broad off target metabolic effects of drug response are
also discussed by Cowan et al. in which they apply metab-
olomics tools to study the controversial gastrointestinal
peptide obestatin. They demonstrate that treatment with
the drug affects phospholipid turnover and influences lipid
homeostasis, whilst providing convincing evidence that
obestatin may be acting to ameliorate diet-induced impair-
ments in lipid metabolism, and it may influence steroid,
bile acid, PAF and glutathione metabolism.

Statins are another widely prescribed drug class used
for the prevention and treatment of cardiovascular disease.
They reduce low density lipoprotein cholesterol (LDL-C)
levels by inhibiting their biosynthesis. Despite providing
major benefits, statins are associated with adverse effects
that including muscle myopathy as well as development
of type II diabetes mellitus (T2DM). In sub populations
of patients this may result in premature discontinuation of
treatment and there are no reliable biomarkers for predict-
ing clinical side effects in vulnerable individuals. Elbad-
awi-Sidhu et al. present supporting data that pharmacome-
tabolomics provides powerful tools for identifying global
biochemical changes induced by statin treatment, provid-
ing mechanistic insights about drug mechanism of action,
development of side effects and related biomarkers.

With the rise of obesity, diabetes and stressed linked
disease often been seen as associated with western
life-style, it is vital that metabolomics research is also
applied to tropical and infectious diseases that often
infect and kill far more people. Stoessel and co-authors
apply metabolomics to the study of investigational drug
for treatment of African trypanosomiasis (HAT). Trypa-
nosoma brucei is the causative agent of HAT, which is
responsible for tens of thousands of deaths every year.
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The anti-trypanosomal compound, 3-(oxazolo[4,5-b]
pyridine-2-yl)anilide (OXPA), was initially identified in
a phenotypic screen and subsequently optimized by struc-
ture—activity directed medicinal chemistry. It has been
shown to be non-toxic and to be active against a num-
ber of trypanosomatid parasites. However, nothing is
known about its mechanism of action. The authors use
an untargeted metabolomics approach to investigate the
biochemical effects and potential mode of action of this
compound in 7. brucei and highlight an important role
for ceramide metabolism and sphingolipid pathway as a
promising drug target in treatment.

Once administered, drug side effects are a vital consid-
eration in the viability of a drug making it to market and
Beger and Flynn review the application of metabolomics
to this important topic. They discuss how pharmaocome-
tabolomics work relevant to drug safety including factors
besides genetics can play a role in how a subject responds
to a drug treatment. Pharmacometabolomics studies on
drug-induced liver toxicity, the use of pharmacometabo-
lomics to detect and predict drug interactions, and future
applications of pharmacometabolomics in drug safety are
discussed.

Lin et al. also evaluate drug clearance by investigating
the cancer drug busulfan and illustrate how metabolomics
data can be used in a predictive model to inform about its
clearance profile. These results reinforce the potential of
pharmacometabolomics as a critical tool in personalized
medicine, with the potential to improve the personalized
dosing of drugs with a narrow therapeutic index such as
busulfan.

With metabolomics being very much a data driven sci-
ence, no special issue in the area would be complete with-
out major considerations as to how technology and statisti-
cal tools alongside data integration contribute to the field.
A review and series of papers address how metabolomics
data can inform about not only pharmacodynamic profile
of medications but also their pharmacokinetic profiles. The
uptake of drugs, their metabolism and transport to site of
action can all be influenced by metabolic states and regu-
lation of gut metabolism. Kanta et al. review the promise
of using pharmacometabolomics data to inform pharma-
cokinetics in efforts for more personalized therapy. Van der
Hooft et al. also use innovative approaches to study and
visualize antihypertensive drug metabolites in untargeted
metabolomics experiments based on the spectral similar-
ity of their fragmentation spectra. A molecular network-
ing approach was applied to seek fragmentation spectra
from urine derived from antihypertensive drug metabo-
lites. This methodology offers unprecedented capability in
the untargeted identification of drugs and their metabolites
at the population level and has great potential to contrib-
ute to understanding stratified responses to drugs where

differences in drug metabolism may determine treatment
outcome.

The use of isotope labeling is also another hot topic used
to investigate mode of action and Lane et al. address the
important topic related deeper understanding of effects
of drugs on metabolism and for variation in response to
treatment. The “Stable Isotope Resolved Metabolomics
(SIRM)” approach is exemplified from studies in cancer
therapy. Their review compares the advantages and disad-
vantages of different model biological systems for deter-
mining the metabolic functions of cells in complex envi-
ronments and how they may change in different disease
states, respond to therapeutic interventions and how stable
isotope use can transform our molecular understanding.

Neavin et al. also review recent developments in the
rapidly growing field of pharmacmetabolomics inform-
ing pharmacogenomics. They outline the challenges and
opportunities associated with studies in which metabolomic
data have been merged with genomics in an attempt to gain
novel insight into mechanisms associated with variation in
drug response phenotypes.

We feel that opinions within the clinical community
regarding the use and applicability of metabolomics tools
to address the grand challenges of drug mode of action,
efficacy and side effects are changing. More and more
medical researchers are being empowered by the tools and
information that metabolomics offers and are beginning to
understand that analyzing an actual expressed phenotype
is essential in all aspects of drug development, the under-
standing of disease heterogeneity, variation of response and
hence all precision medicine initiatives.
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