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High-throughput drug discovery:
what can we expect from HTS?

Philip Gribbon and Andreas Sewing, Pfizer UK

Fuelled by the successes and optimism of the
1980s, the concepts of HTS and combinatorial
chemistry, which heralded a new age of drug
discovery, were embraced by the
pharmaceutical industry. However, attrition
rates in later stages of drug discovery soon
led to questions being raised about the
viability of the high-throughput paradigm.
Here, examples from the experience at Pfizer
(Sandwich, UK) are used to illustrate how the
quality of the compound file, the target and
the screening process act in concert to define
the output from HTS.This is discussed within
the context of the available literature, taking
into account opinions from across the
pharmaceutical industry.

HTS fuels the drug discovery pipelines of
the majority of pharmaceutical companies
and is one of the central paradigms of modern
drug discovery.The need for HTS is a
consequence of our limited knowledge - it is
impossible to make accurate predictions
about the interactions of biological

macromolecules with small compounds for
the assessment of the activity of new chemical
entities. Biological screening is the practical
answer to this conundrum, and the concept
of scale has been introduced by the proposal
that screening a greater number of
compounds should provide more leads of
improved quality. It was expected that this
strategy would deliver multiple new starting
points for drug discovery projects and would
sustain the double-digit growth of major
pharmaceutical companies. Despite the
continuous introduction of more sophisticated
screening technologies and ever increasing
compound collections (predominantly driven
by combinatorial chemistry), HTS has, in the
minds of many scientists and analysts, fallen
short of this target [1-3]. Although there is
the widespread belief that, in the absence of
alternative solutions, HTS will remain an
important tool for the foreseeable future, it is
now often perceived as a costly necessity
rather than a method of choice. More
importantly, attrition in later stages of drug
development, as a result of poor

physicochemical properties, has been
attributed to the nature of HTS itself [4].

Here, HTS is dissected to give a better
understanding of how the compound file,
target and screening process act in concert to
define the output from HTS and how changes
in our knowledge can have a direct impact on
this output. Understanding trends and drivers
within biological screening should help to set
the expectations about what HTS can and
cannot deliver to the business.

Physicochemical properties of compounds
and HTS

Poor solubility, permeability and metabolic
instability of compounds are a major source
of attrition in early development [5,6], and it
has been suggested that the introduction of
HTS and combinatorial chemistry contributes
to this through the selection of compounds
with properties outside ADMET space [4,7].To
assess this impact, changes in physical
properties indicative of in vivo properties,
such as absorption and permeability, were
monitored over time.This process involved
the analysis of the molecular weight, calculated
logP (clogP) and predicted solubility of
compounds registered at Pfizer in a time-
dependent manner (grouped by registration
date) from 1960 to 1997, when, after Lipinski
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and colleagues introduced the concept of
drug-likeness with the Rule of Five [4], Pfizer
entered into the process of actively selecting
compounds based on their physicochemical
property profile. Additionally, the output from
25 HTS campaigns against a variety of target
classes, on the level of confirmed HTS actives
(>22,000 compounds), was analysed.

It is apparent that the trend to synthesize
compounds with higher molecular weight
and clogP or reduced solubility is not a recent
phenomenon, but has been continuous since
the 1960s (Figure 1).With regards to the
registered compounds represented in Figure
1,there is no shift in pace at the time of
introduction of HTS or combinatorial chemistry.
Although there is a marked increase in the
percentage of compounds with predicted low
solubility (<5 ug ml~") from 1985 to 1997, this
pattern does not coincide with the introduction
of combinatorial chemistry (the first citations
for combinatorial chemistry appear in the
early 1990s). From the analysis of confirmed
HTS hits at Pfizer (Sandwich, UK) (Figure 1), it
would appear that, with respect to the physical
properties monitored here, the overall output
from HTS mirrors the composition of the
compound file, although a general trend
towards slightly higher molecular weight and
clogP is evident.

The most probable explanation for the
relationships observed within the collection
of registered compounds is the continuous
drive to expand the compound file to map a
greater proportion of chemical space, which
in the absence of restrictions leads to the
synthesis of more complex molecules with
the accompanying increase in molecular
weight, and often clogP.The compounds
confirmed as being active by the screening
process follow this pattern and, as a
consequence, compounds with higher
molecular weight and lipophilicity have been
selected as candidates for further
development, a trend that has been well-
documented for Pfizer candidates [8] but has
also been observed elsewhere [9]. Meanwhile,
no such change is observed when analysing
the set of marketed oral drugs [10], illustrating
that there is a selection pressure against this
increase in the later stages of drug
development.The analysis illustrates that the
quality of the file is paramount in screening
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FIGURE 1

Historical analysis of the Pfizer compound file and confirmed HTS actives. Median values for (a) clogP;
(b) molecular weight; and (c) the fraction of compounds with predicted low solubility (<5 g ml”) are
shown for compounds registered 1960-1997 (blue triangles), not including any additions from merger
activities during this time.The confirmed actives from 25 HTS campaigns (approximately 22,000) at Pfizer
(Sandwich, UK) have been analysed according to the same criteria (orange squares). Results are only
presented for compounds registered 1984-1997 because of limited available data.
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and this realization has had a direct impact
on the direction of the further growth of the
compound file (which is known as file
enrichment’ at Pfizer), as well as the hit-to-lead
strategies in medicinal chemistry.

Knowledge-based development of
corporate compound files

Once the importance of the careful selection of
compounds for screening became apparent, a
drive to filter the screening file and remove
undesirable material began.This process
focussed initially on the purity of the
compounds [11].In the next stage, the
emphasis shifted to the removal of reactive
species [12,13] and then advanced further to
concentrate on physicochemical properties
that predict the in vivo behaviour of compounds
[13,14]. At Pfizer, the first major selection of
compounds in the screening file (driven by
the presence of ‘desirable’ and ‘undesirable’
features) started as long ago as 1997.

The retrospective analysis of the properties
of known drugs by Lipinski [4] and
subsequent work by several groups [15-19]
have changed the focus of medicinal
chemistry at Pfizer and across the whole
industry, and have also highlighted the
importance of in vitro and in silico predictors
for in vivo pharmacokinetic properties to a
wider audience. Although the term ‘drug-
likeness'is only loosely defined, there is now
widespread agreement that a focus on
molecular properties that affect in vivo
properties is equally important as in vitro
compound potency and selectivity when
choosing candidates for further development.
This knowledge can be applied at the lead
selection stage or, within a more productive
paradigm, should be incorporated into the
design and synthesis of compounds and
libraries to focus HTS on compounds with a
higher probability of success, namely those
compounds with:

« Confirmed structure and high purity.

« Favourable physicochemical properties.

+ Absence of known toxicophores or reactive
groups.

+ Tractability to high speed, parallel
chemistry for rapid follow-up and
optimization.

Although restricting the range of
physicochemical properties of compounds in

a screening set is a widely accepted concept,
the exact limits for this are a matter of debate
and discussion. An analysis of drugs and their
parent leads by Oprea and colleagues [18,19]
suggests that there is a clear distinction
between lead compounds and drugs, with
drugs having, for example, higher molecular
weights and clogP values. This underlines that
the development from hit-to-lead to drug is
often accompanied by the addition of more
lipophilic moieties and increases in molecular
weight, a proposition supported by several
authors [4,9,13]. As a consequence, it has
been suggested that screening compound
collections should be lead-like (i.e. MW <350
and clogP <3 [15]) instead of drug-like (i.e.
MW <500, clogP <5, H-bond donors <5 and
H-bond acceptors <10 [4]).

An area of additional intense effort is the
enrichment of compound collections based
on target information, predominantly crystal
structures and model-building [20-23].
Although a powerful approach within
individual projects, this cannot be solely
relied on for extending corporate files
because current knowledge is clearly limited
and rapidly changing.

The size of compound files: is bigger
better?

Given the number of potential low molecular
weight compounds (estimates range from
1040 to 10'% [8,24]),it is apparent that — even
if it was desirable — no organization will be
able to cover this chemical space (there are
obvious financial limits, but 10'% also exceeds
the estimates for the number of atoms in the
universe). Based on current knowledge, it is
also not a desirable goal because
pharmacological and drug-like compounds
occupy only a restricted subregion of
chemical space [18,25].If we agree with this
concept, the question is reduced to how
densely do we need to cover this subspace.
The answer is dependent on the strategy of
the organization and on some fundamentals
in HTS, namely that HTS is suited to
identifying series but not single compounds,
therefore the screening file must incorporate
a degree of redundancy from the onset [26].
This observation is a consequence of the
nature of single-point biological screening,
which inevitably produces some ‘false

negatives’as a result of data variability. In this
context, closely related compounds will act as
‘replicates.

If it is anticipated that several compounds
representing different chemical series will be
identified as starting points for the lead
development process, a ‘real’ screening file of
2-3 million should be sufficient to deliver
multiple starting points that can be expanded
on by follow-up procedures [27], but the ‘real’
file will be increasingly augmented by huge
virtual libraries selected via knowledge-based
approaches [28]. However, if it is expected
that hits with nM potency will be identified
for every target screened, the targets shift and
a significantly larger file size is examined.
Wintner and Moallemi [29] present a
calculation that requires a screening file of at
least 24,000,000 distinct compounds to
deliver nM potency hits for all targets; this
calculation does not allow for the need for
multiple chemical series. However, a strategy
that is based solely on potency could be
fundamentally flawed and the concept of
initially screening for starting points rather
than nM hits is also the more cost-effective
approach.Overall, we do envisage continued
growth in the size of corporate compound
files. However, at the same time, the screening
file (i.e.the percentage of the corporate file
that will be screened against a given target)
will not see the same expansion and will be
tailored to the target by our growing
knowledge, for example, through the
application of focused subset screening
[30,31] or an iterative screening concept
[28,32].

Can screening processes be designed to
find more attractive hits?

It has been suggested that the use of binding
assays and the solubilization of compounds in
dimethyl sulfoxide (DMSO) are the drivers for
the undesirable increase in molecular weight
and clogP in compounds nominated for
further development [4,7]. Although the
impact of chemistry on screening processes
has been the focus of the article thus far, HTS
can intrinsically drive the selection of higher
molecular weight compounds in a context
where scientists concentrate on potency and
in the boundaries generated by the property
range defined by the screening file. This
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FIGURE 2

Potency driven properties: the impact of potency on molecular weight. Actives from the corresponding HTS were binned according to their apparent potency
in the primary assay and the median molecular weight was calculated for each potency bin.

observation (Figure 2) is a consequence of the
notion that the free energy of binding
increases with the number of non-hydrogen
atoms [33] and therefore, although the overall
chance to hit is lower for a larger, more
complex molecule, if it binds well, the potency
can be higher [34].This theoretical concept is
translated into practice when using assays
that monitor binding events either in cell-
based or biochemical formats (e.g. receptor
antagonists and enzyme inhibitors). Because
the focus on potency tends to select for
higher molecular weight compounds, Pfizer
has introduced the concept of ligand
efficiency, where the binding energy per
atom of a ligand is calculated to aid
prioritization for follow-up and lead series
selection by ‘normalizing’ potency [35].
Beyond this biophysical restraint, the target
itself strongly influences the properties of the

resulting HTS hits. A retrospective analysis of
~22,000 confirmed HTS actives at Pfizer
(Sandwich) showed clear differences in
molecular weight or polar surface area when
actives were classified by target type. For
example, unsurprisingly, the median
molecular weight of ligands of aminergic
G-protein-coupled receptors (GPCRs), as
derived directly from HTS, is approximately 50
Da less than the corresponding value for
ligands of peptidergic GPCRs.These
differences in properties are apparent on
comparison of several target classes. Altering
the screening procedure by, for example,
introducing a step involving re-solubilization
of dried down compounds within the assay
(instead of using diluted DMSO solutions),
can enrich hit populations towards more
favourable properties, particularly lower
clogP values (Figure 3). Generally, the output

from HTS is dependent on multiple factors
and, although in vitro assays can and do
contribute to the observed shift towards less
favourable ADME properties, it is too
simplistic a view to attribute this solely to the
current in vitro screening approach.

What can be expected from HTS?

The prospects for a successful exploitation of
corporate compound collections are now
better than ever.The considerable
expenditure, with respect to time and money,
has improved HTS methods and the quality of
results during the past decade, and
miniaturized and, perhaps more importantly,
biologically relevant plate-based assays are
now available for virtually all target classes.
From the experience of past years, it is
evident that truly random, empirical
screening of large unselected compound files

20 www.drugdiscoverytoday.com



DDT - Volume 10, Number 1« January 2005

NEWS AND COMMENT

feature

cannot succeed without additional
information relating not only to the target
but also to the compounds, which for the
most part must be transformed into orally
bioavailable drugs to achieve success.
Changes in the strategic balance of many
companies, to encompass a greater
proportion of knowledge-based approaches,
are evident from several publications
[23,24,28,36] and work is ongoing to
incorporate more of this information at the
onset of projects. Biological screening alone
cannot guarantee more and improved leads,
but with the additional knowledge acquired,
the quality of leads will be significantly
enhanced and attrition rates reduced.

Primary screening is not the only
procedure that is central to the success of
HTS, a swift execution of the hit-to-lead
process is also crucial and it is this that is the
focus of many pharmaceutical companies
[37,38].Consequently, the ‘new; widely cited,
deliverable (from the high-throughput
concept) of high-speed parallel chemistry and
screening methods is to shorten the time
interval from hit-to-lead to candidate. In this
working model, in addition to potency and
selectivity, multiple compound characteristics
(e.g. ADME properties) drive lead
development [37-40]. Multidimensional
compound optimization is the new paradigm
[38-40], but its rapid realization for multiple
parallel projects relies on a compound file
where the majority of compounds are
amenable to parallel, library-based chemistry
and the availability of high-throughput ADME
assays or reliable in silico models [41].
Although this is a realistic expectation, there
is still a lack of publicly available analysis to
demonstrate the benefits, and the concept of
parallel optimization has yet to be firmly
established with all chemists and biologists.
Traditional HTS, but with a focus on
compound quality rather than quantity, will
remain an important tool for a variety of
targets. However, this will be only one
weapon in our armoury. In our opinion, the
key to success is a highly flexible approach
selecting the 'right’ strategy for the target, be
it large-scale screening or knowledge-based
methods relying on structures, biology or
competitor information. For HTS, this has to
be paired with data-mining through
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FIGURE 3

Compound delivery and physicochemical properties. Median clogP and molecular weight values are
shown for confirmed actives from a peptidergic GPCR and a soluble enzyme assay. For the wet screening
(wet), compounds were introduced in diluted DMSO solution, whereas for the dry screening (dry),
compounds were dried down and resolubilized through the addition of the aqueous assay components.
The same compound sets were used for the dry and wet screening in the respective assays.Three
screening methods were applied (FP wet, FP dry and cAMP reporter gene wet). The subset that was
functionally active (FP dry and cAMP reporter gene;and FP wet and cAMP reporter gene) was analysed
further. Abbreviations: cAMP reporter gene, cAMP responsive element driven -lactamase reporter gene;
FP, fluorescence polarization; FLINT, fluorescence intensity-based assay.

computational chemistry to maximize the
return from expensive screening campaigns
[28,42].

Conclusion

The analysis presented here does not indicate
that HTS is selecting for ‘'undesirable’
compounds, but that HTS results merely
reflect the properties of corporate compound
files.HTS is just a tool to explore the chemical
resource presented by corporate compound
collections.The thorough validation of targets
and the careful selection of compounds for
the screening file are a prerequisite for
successful HTS.The input for further growth
and enrichment of screening files is coming
from medicinal chemistry and computational
chemistry, and is based on the knowledge
acquired, and models built, from ‘wet’
experiments. Evidence presented in many
publications indicates that the introduction of
property filters in compound collections is
essential [4,13,17-19]. However, it should be
clear that current knowledge is imperfect and
is based on the limited exploration of
chemical and drug-like space.There is reliance
on theoretical calculations about the
drugability of targets, as well as chemical and

drug-like space, and current doctrines on the
direction of file extension and restriction of
properties should be approached with
caution.Room must be left for
unprecedented scientific discovery in an
overall‘rational’ approach, because some
discoveries do not happen in incremental
steps but present themselves as a‘leap’into
new territory [43]. At the same time, it is
obvious that information-based approaches
will increasingly augment, and eventually
replace, large-scale random’ screening of
historical compound collections.

Despite several success stories [44,45], drug
discovery that is based on the random
screening of large corporate compound
collections has not yet fulfilled the original,
and with hindsight unrealistic, expectations
of delivering large numbers of new chemical
entities to the market.To reap the benefits of
the large-scale investment into high-
throughput technologies in biology and
chemistry, companies have to develop a
portfolio of highly flexible solutions to drug
discovery, seamlessly integrating different
strategies from large-scale HTS to focused,
information driven methods paired with
optimized ‘hit-to-lead’ processes.
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