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What is the most important approach
in current drug discovery: doing the
right things or doing things right?

Thomas Elebring, Thomas.Elebring@astrazeneca.com, Adrian Gill and Alleyn T. Plowright

Doing the right things or doing things right: what is the most important focus for current drug discovery

to secure delivery of new drugs of sustainable value to patients, healthcare professionals and healthcare

providers? Some of the challenges faced today in drug discovery are addressed here: the relationship

between R&D speed, cost and quality; how selection of performance metrics can affect the quality of the

R&D output; the importance of leadership and management; how process orientation can affect, for

example, creativity and innovation; the importance of selecting the right pharmacologic target and the

right chemical lead; and why the use of drug–target kinetic and thermodynamic data to drive lead

selection and lead optimization could increase success rates.
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Introduction

The main objective for pharma companies is to

discover and develop medicines that are valued

by regulatory authorities, patients, healthcare

professionals and healthcare providers (i.e.

payors) alike. All of these stakeholders want

efficacious and safe drugs that improve patient

quality of life. However, they also expect new

drugs to be more cost efficient (i.e. ‘health

economical’) than alternatives. In addition,

pharma also needs to produce sustainable rev-

enues and return on investment for share-

holders. Therefore, speed, quality and cost have

become a mantra for all drug discovery and

development activities. Most pharma companies

have tried to address all three aspects, but these

efforts have not translated into increased pro-

ductivity or efficiency in generating new drugs.

The number of new drugs per year that have

been approved by the FDA has remained
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constant for the past ten years (http://

www.fda.gov/downloads/AboutFDA/Transpar-

ency/Basics/UCM247465.pdf ), despite our

efforts to understand the causes of drug attrition

better and to learn from previous drug discovery

efforts (see, e.g. Refs [1–10]).

There is a clear need for pharma to become

more effective (i.e. do the right things) and

efficient (i.e. do things right), for definitions and

explanations of the terms effective and efficient

as used in this article, see http://www.daily-

blogtips.com/effective-vs-efficient-difference.

However, which one is the most important

theme to focus on for current drug discovery:

being effective or being efficient?

Some effectiveness and efficiency

challenges in drug discovery

Trying to cut R&D timelines and costs
can be detrimental to quality, whereas
e most important approach in current drug discovery: doing the rig

ed. http://dx.doi.org/10.1016/j.drudis.2012.04.009 
improving the quality of R&D and drugs
can reduce timelines and costs

Pharma intends to have robust pipelines of new

innovative medicines. However, in recent dec-

ades, many pharma companies have experi-

enced the fact that their drug pipelines have

started to run dry. In addition to mergers and

acquisitions, increasing speed and reducing

costs in the R&D process (Fig. 1) have become

familiar themes in delivering drug pipelines that

can sustain profitability. Strategies to achieve

this include running more drug projects in

parallel [6], quicker and with less people, and by

applying high-throughput methodologies.

However, using these strategies can potentially

find promising drug candidates quicker and at

lower cost, but might also unintentionally

increase failure rate through application of

simplified (i.e. superficial) science or insufficient

documentation of claimed drug effects. Thus, in
ht things or doing things right?, Drug Discov Today (2012),
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FIGURE 1

Overview of the drug discovery (purple) and development (pink) process. Each box denotes a phase of the drug discovery and development process. Each phase

can consist of several parallel or sequential sub-processes. Generally, a process consists of several steps that are either decision points or actions (work or tasks),

which can be repeated. For an example of a repetitive drug discovery sub-process, see Ref. [16]. This article focuses mainly on the drug discovery process and

underlying science.
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the extreme case, measures to increase speed

and lower costs might actually lead to reduced

quality of new medicines in the pipeline and

ultimately reduce profitability. Conversely, efforts

to improve quality of science and candidate

drugs, for example by using more-advanced

science such as translational biology and bio-

markers in building confidence in targets (e.g.

human relevance) and linkage to human disease,

should in the long-term result in reduced

timelines and costs (although short-term costs

and timelines might increase owing to invest-

ment in more-sophisticated science). Ultimately,

this can lead to increased success rates and

profitability (Fig. 2).

Choosing too many and/or the wrong
performance metrics could adversely
affect the quality of pharma output

It is widely recognized in performance man-

agement that ‘you get what you measure’ (see,

for example, Ref. [11]). Thus, certain performance

metrics can induce inappropriate behaviors, for

example counting and rewarding the number of

drug projects that pass each milestone in the

drug discovery process could result in running

many drug projects in parallel and/or keeping

them alive as long as possible to meet the goal

for the number of drug projects that pass each

milestone [6]. However, people and organiza-

tions would be less prone to accept this behavior
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FIGURE 2

Speed, quality and cost are inter-related core aspects
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if it was known that performance-based remu-

neration for passing milestones will only be

granted if the drug reaches the market. An

individual’s objectives should always be aligned

to the objectives of the team and the team’s

objectives should be clearly aligned to the drug

project’s objectives – with the project’s objec-

tives of course being aligned to the company

objectives. Clearly, fostering an environment

focused on delivering a robust and sustainable

longer-term pipeline through high-quality

innovative science is paramount and, as such, we

must be mindful not to compromise scientists’

motivation by too detailed, short-term focused

performance metrics (for a discussion of how

productivity metrics can affect motivation and

creativity, see Ref. [12]).

Leadership is more important than
management in drug discovery
Leadership and management are both very

important. The management consultant Peter F.

Drucker (http://www.en.wikipedia.org/wiki/

Peter_Drucker) claimed that, ‘Management is

doing things right; leadership is doing the right

things’. Management by objectives can be effi-

cient and powerful, but it should not replace

leadership (i.e. articulating a clear and compel-

ling vision, frequent coaching interactions with

co-workers, etc.). In big pharma, as described

by Knutsen [13], a risk is that managers are
e most important approach in current drug discovery: doing the rig
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 of R&D.
frequently occupied by management tasks and

meetings, whereas managers in smaller com-

panies such as biotechs appear to be more

available for co-workers because it seems to be

more possible to ‘manage by walking around’ in

smaller companies. Pharma co-workers could

clearly benefit from more leadership and

coaching (mostly forward-looking) than man-

agement by metrics (mostly backward-looking)

to inspire future generations of drug hunters.

Too much process thinking in drug
discovery can block enthusiasm,
creativity, intuition, innovation and
serendipity
A process contains steps that are either decision

points or actions (work or tasks). Implementation

of common, well-defined processes in a drug

discovery unit can increase effectiveness and

efficiency, as evident from comparing the fol-

lowing two situations: (i) each and every drug

project has to negotiate which drug metabo-

lism/pharmacokinetic (DMPK) investigations can

be undertaken for each new compound made

during lead optimization (i.e. a process is agreed

for each new compound); (ii) DMPK capacity

(how many compounds that can undergo each

test every fortnight) has been agreed for each

drug project, as well as how and when the

compounds shall be delivered for each test and

when the results can be expected. Obviously,

situation (ii), a common, well-defined process, is

more effective and efficient than (i), and most

probably to be appreciated by everyone if

resource allocation is fair and transparent. For

examples of efforts employed to improve various

parts of the drug discovery process, see Refs [14–

16]. However, whether defining and using pro-

cesses in drug discovery is good or bad, it

remains controversial [17,18].

Before embarking on defining and imple-

menting common, well-defined processes, it is

advisable to judge whether or not the majority of

co-workers eventually will buy into and support

the changes, although they might initially be

skeptical and resistant to the potential con-

straints. Moreover, it is crucial that the process is
ht things or doing things right?, Drug Discov Today (2012),
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defined and implemented by co-workers that

have performed the tasks before and will con-

tinue to work in the area while also gaining input

from customers. In addition, to get co-workers to

embrace and appreciate a well-defined process

is very important to avoid blocking enthusiasm,

creativity, intuition, serendipity and, of course,

innovation. Thus, although there are activities in

drug discovery where process orientation makes

sense, creativity-driven activities can be less

suitable for process orientation [19].

Selecting the right pharmacologic target
and the right chemical lead are key
decisions in drug discovery

When trying to invent a small-molecule drug

that can be used to treat human disease,

selection of the pharmacologic target and the

molecular lead are key decisions [20]. Thus, it is

imperative that modulation of the pharmaco-

logic target by a small molecule translates into a

desired effect in the treatment of the disease in

humans (see, for example, Refs [2,21]). First, to

assess whether this is the case, it is advanta-

geous to have access to a disease model with

robust biomarkers and pharmacodynamic mar-

kers relevant to the human disease. Focusing on

high-quality target selection can take more time

before starting the project but the increase in

quality and confidence can reduce time and cost

in the longer term. Second, it is very important to

find and select a molecular lead (starting point)

that can be optimized into a drug that not only is

a potent modulator of the chosen pharmaco-

logic target but also is efficacious and safe (no

debilitating side effects) in the disease model(s)
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FIGURE 3

Schematic pharmacokinetic–pharmacodynamic relatio
drug–target interactions might or might not be acco

concentration of the drug at any one time. However, i

exposure levels are needed to achieve the desired re
and in patients. Judging from published case

histories, pharma often does not have all these

prerequisites in place but relies on in vitro or ex

vivo models that are too simple. Not surprisingly,

most candidate drugs fail in preclinical or clinical

evaluations owing to insufficient efficacy or

safety issues [22].

Today’s practice in lead optimization
could still lead to failure in the clinic

The predominant lead optimization strategy

today is to optimize potency and ADME of com-

pounds by designing and testing compounds that

are confined to what has been defined as ‘drug

space’, which in essence is the physicochemical

property space that should give ADME charac-

teristics that are acceptable for oral drugs [23]. It is

our view that trying to achieve an acceptable

ADME profile through modulation of physico-

chemical properties could also lower potency and

increase daily dose, but high-dose drugs have

been shown to cause toxicity more frequently

than low-dose drugs [24].

Another common lead optimization objective

is to increase the free concentration of the drug

at the pharmacologic target by focusing largely

on the pharmacokinetic profile of a compound

[25]. However, increase of the free concentration

at the target will generally also lead to an

increase of the free concentration at anti-targets

(i.e. pharmacologic targets that can convey side-

effects and cause adverse safety findings).

Although current lead optimization practice is

efficient, a more effective strategy could be to

optimize drug–target interaction kinetics as well

(i.e. the drug–target residence time) and, hence,
e most important approach in current drug discovery: doing the rig
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deliver drugs with appropriate pharmacokinetic/

pharmacodynamic (PKPD) relationships for their

pharmacologic targets (see below; also see Fig. 3

and, for examples, Refs [26–30]).

Using drug–target kinetic and
thermodynamic data to drive lead
selection and lead optimization could
significantly increase the success rate in
drug discovery

There is a growing body of evidence in the

literature that drug–target interaction kinetic

and thermodynamic data can help us under-

stand why certain candidate drugs worked in

clinical trials and reached the market and why

others were less successful (see, for example,

Ref. [28]). Thus, in many cases successful drugs

display non-equilibrium kinetics, often with

long drug–target residence time (slow off-rate)

but shorter plasma exposure time. However,

there are of course exceptions where prolonged

target engagement would be detrimental and,

in the case of mechanism-based side-effects,

drug–target residence time should preferably

be optimized rather than maximized [31].

Moreover, analyses suggest that best-in-class

drugs have a different thermodynamic profile

(more enthalpy driven) than first-in-class drugs

[32] (i.e. more specific interactions as indicated

by a typical change in the balance between

enthalpic and entropic contributions to the

overall binding). It has also recently been sug-

gested that drug–target interaction kinetic and/

or thermodynamic data should be used to drive

lead selection and optimization (see, for

example, Refs [26–29,31–34]).
ht things or doing things right?, Drug Discov Today (2012),
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Concluding remarks

Pharma needs to improve the quality of
its drug discovery science and output

Defining and selecting the right pharmacologic

target, drug product profile, chemical lead and

candidate drug are key decisions that seal the

destiny of a candidate drug. The subsequent

activities in the R&D process are about exploring

and documenting whether the target and can-

didate drug can actually deliver what is required.

Pharma consistently craves new disease targets,

which is readily evidenced from the wealth of

patent applications and scientific publications.

But, is exploiting a ‘new’ target more effective

and successful than exploiting the ‘right’ target

that might be ‘old’? Is there more that can be

done? Perhaps by pharma adopting a more

holistic, drug hunting approach to reach new

innovative medicines it should prove more

productive in meeting the needs of healthcare

professionals, patients and payors, for example:

what is the current disease treatment?; are there

significant problems with the current standard of

care?; and what if the significant problems could

be overcome by using a novel drug?.

Effectiveness in drug discovery is far
more important than efficiency
Peter F. Drucker allegedly said, ‘There is nothing

more wasteful than becoming highly efficient at

doing the wrong thing’. Translating to the drug

discovery setting this could mean: there is

nothing more wasteful than efficiently produ-

cing failing candidate drugs. Therefore, we

suggest that being effective (i.e. doing the right

things) in drug discovery (e.g. improving quality

of science and candidate drugs) is far more

important than being efficient (i.e. doing things

right, e.g. designing and implementing well-

defined drug discovery processes). So far,

improvement efforts in pharma have mainly

resulted in improvements of effectiveness and

efficiency from speed and cost perspectives.

Cost and speed of R&D (e.g. ‘first to market’) will

of course continue to be very important because

they, in addition to success rate, are important

factors in delivering revenue and return on

investment to shareholders. However, in the

future, improvements of drug discovery effec-

tiveness need to focus more on the quality of the

science (i.e. relevance, accuracy and sophistica-

tion) and on the quality of candidate drugs (i.e.

efficacy and safety). Thus, in the long run,
Please cite this article in press as: T.. Elebring, et al., What is th
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pharma should become more effective and

successful by focusing far more on the quality of

science and drug candidates, ultimately deli-

vering sustainable value to healthcare profes-

sionals, patients and payors.

Conflicts of interest

The authors declare that no conflicts of interest

exist.

References

1 Hann, M.M. (2011) Molecular obesity, potency and

other addictions in drug discovery. Med. Chem.

Commun. 2, 349–355

2 Swinney, D.C. and Anthony, J. (2011) How were new

medicines discovered? Nat. Rev. Drug Discov. 10,

507–519

3 Meanwell, N.A. (2011) Improving drug candidates by

design: a focus on physicochemical properties as a

means of improving compound disposition and safety.

Chem. Res. Toxicol. 24, 1420–1456

4 Luker, T. et al. (2011) Strategies to improve in vivo

toxicology outcomes for basic candidate drug

molecules. Bioorg. Med. Chem. Lett. 21, 5673–5679

5 Leeson, P.D. and St-Gallay, S.A. (2011) The influence of

the ‘organizational factor’ on compound quality in drug

discovery. Nat. Rev. Drug Discov. 10, 749–765

6 Empfield, J.R. and Leeson, P.D. (2010) Lessons learned

from candidate drug attrition. IDrugs 13, 869–873

7 Teague, S.J. (2011) Learning lessons from drugs that

have recently entered the market. Drug Discov. Today

16, 398–411

8 Cheshire, D.R. (2011) How well do medicinal

chemists learn from experience? Drug Discov. Today 16,

817–821

9 Paul, S.M. et al. (2010) How to improve R&D

productivity: the pharmaceutical industry’s grand

challenge. Nat. Rev. Drug Discov. 9, 203–214

10 Scannell, J.W. et al. (2012) Diagnosing the decline in

pharmaceutical R&D efficiency. Nat. Rev. Drug Discov.

11, 191–200

11 Loughney, D. (2011) To measure is to know: an

approach to CADD performance metrics. Drug Discov.

Today 16, 548–554

12 Ullman, F. and Boutellier, R. (2008) Drug discovery: are

productivity metrics inhibiting motivation and

creativity? Drug Discov. Today 13, 997–1001

13 Knutsen, L.J.S. (2011) Drug discovery management,

small is still beautiful: why a number of companies get it

wrong. Drug Discov. Today 16, 476–484

14 Andersson, S. et al. (2009) Making medicinal chemistry

more effective – application of Lean Sigma to improve

processes, speed and quality. Drug Discov. Today 14,

598–604

15 Walker, S.M. and Davies, B.J. (2011) Deploying

continuous improvement across the drug discovery

value chain. Drug Discov. Today 16, 467–471

16 Plowright, A.T. et al. (2012) Hypothesis driven drug

design: improving quality and effectiveness of the

design-make-test-analyse cycle. Drug Discov. Today 17,

56–62
e most important approach in current drug discovery: doing the rig
17 Johnstone, C. et al. (2011) Creativity, innovation and

lean sigma: a controversial combination? Drug Discov.

Today 16, 50–57

18 Boström, J. et al. (2011) Exploiting personalized

information for reagent selection in drug design. Drug

Discov. Today 16, 181–197

19 Ullman, F. and Boutellier, R. (2008) A case study of lean

drug discovery: from project driven research to

innovation studios and process factories. Drug Discov.

Today 13, 543–550

20 Bunnage, M.E. (2011) Getting pharmaceutical R&D back

on target. Nat. Chem. Biol. 7, 335–339

21 Gashaw, I. et al. (2011) What makes a good drug target?

Drug Discov. Today 16, 1037–1043

22 Arrowsmith, J. (2012) A decade of change. Nat. Rev.

Drug Discov. 11, 17–18

23 Lipinski, C.A. (2000) Drug-like properties and the causes

of poor solubility and poor permeability. J. Pharmacol.

Toxicol. Methods 44, 235–249

24 Baille, T.A. and Rettie, A.E. (2011) Role of

biotransformation in drug-induced toxicity: influence

of intra- and inter-species differences in drug

metabolism. Drug Metab. Pharmacokinet. 26, 15–29

25 Smith, D.A. (2010) The effect of plasma protein binding

on in vivo efficacy: misconceptions in drug discovery.

Nat. Rev. Drug Discov. 9, 929–939

26 Gabrielsson, J. et al. (2009) Early integration of

pharmacokinetic and dynamic reasoning is essential for

optimal development of lead compounds: strategic

considerations. Drug Discov. Today 14, 358–372

27 Lu, H. and Tonge, P.J. (2010) Drug–target residence

time: critical information for lead optimization. Curr.

Opin. Chem. Biol. 14, 467–474
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