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Accelerated drug discovery by rapid
candidate drug identification

Fredrik Bergström, Fredrik.h.bergstrom@astrazeneca.com and Bo Lindmark

The eventual candidate drug (CD) is often already synthesized during early drug discovery but not

nominated until much later. To facilitate the rapid identification of a potential CD, a thoroughly

worked-out CD target profile (CDTP) with criteria acceptable for the disease target product profile (TPP)

is required at the start of lead generation (LG). In addition to driving the compound property

optimization, the preclinical project team has to understand the ultimate goal to be able to rapidly

identify and progress a potential CD. A screening cascade with meaningful and well-balanced

progression criteria based on the CDTP is required to rapidly filter out unwanted compounds and to

progress a potential CD through the cascade to candidate selection.
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Introduction
After a highly successful period from the be-

ginning of the 1980s until the end of the mil-

lennium, the pharmaceutical industry then

faced a decline in productivity, where the cost

and time to develop a new drug both increased

substantially [1]. During the early 2000s, the

clinical development program for a new

chemical entity (NCE) typically took 9 years [2].

To address the issue of long cycle times in drug

development, the US Food and Drug Adminis-

tration (FDA) introduced a variety of programs in

which new drug submissions have benefitted

from expedited pathways, such as fast track,

break-through, priority review and accelerated

approval. The number of projects benefitting

from one or several of these programs is in-

creasing year on year [3,4]. To be able to take full

advantage of these programs, the drug dis-

covery phase in the pharmaceutical industry

must keep up and supply high-quality CDs at
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increasing speed. For a successful drug discov-

ery project, the time from selection of the target

until delivery of a CD is~5 years [5]. This is~30–40%

of the total time for drug development and

shortening this phase will significantly contrib-

ute to the accelerated delivery of new medicines

for the benefit of patients. Drug discovery has

changed dramatically over the past few dec-

ades, with technological revolutions in several

areas, including combinatorial chemistry, DNA

sequencing, X-ray crystallography, and high-

throughput screening (HTS) [2]. In numerous

publications, authors argue that the technical

revolution has come at a price; a lowering of

scientific quality in favor of too much focus on

quantity with HTS in simple in vitro systems and

the use of different metrics to measure and

further enhance productivity [6–8]. Even if this is

correct, the solution is not to turn back time but

rather to combine high scientific quality with an

efficient drug discovery process. At AstraZeneca,
this mindset has been exemplified by an im-

proved design–make–test–analyze (DMTA)

workflow with multidisciplinary design teams,

enhanced throughput, and strict turn-around

times in compound synthesis and in vitro

screening [9,10]. With an effective DMTA cycle in

place, the next step is to reduce the time be-

tween first synthesis and selection of the CD.

Here we present lessons learnt from a retro-

spective analysis of AstraZeneca drug discovery

projects, providing tools to facilitate the iden-

tification of the actual CD.

Retrospective analysis
With the purpose of finding ways to accel-

erate projects during the drug discovery

phase, a retrospective analysis of drug pro-

jects within AstraZeneca that had recently

delivered a CD for clinical development was

performed. In the analysis, we noted when

the compound that was eventually selected
www.drugdiscoverytoday.com 1237
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as a CD was first synthesized and the time

between first synthesis and CD selection. The

lead times from first synthesis until the

compound was selected as a CD were vari-

able between projects (ranging from 9 to 36

months). We believe that it would be bene-

ficial from a portfolio planning and resour-

cing point of view to reduce lead times, and

are confident that this can be accomplished.

A nonobvious finding was that, for several

projects, the CD had already been synthe-

sized in the lead generation (LG) phase be-

fore starting lead optimization (LO). Contra-

intuitively, these projects did not deliver a CD

faster than other projects, and an in-depth

analysis was carried out to understand the

underlying reasons. A common denominator

for these projects was that the compound

that eventually became the CD was either not

fully evaluated against the CD criteria or

considered not to be of adequate quality

against one or several key properties. For the

latter case, project teams judged it likely that

these insufficiencies would be improved

during the LO phase and a CD would be

delivered with overall better quality and

lower potential risk for attrition. However, at

the end of the LO phase, when shortlisted

compounds were evaluated, the assessment

came out in favor of the earlier synthesized

compound. Interestingly, the liabilities were

still there, but the overall risk assessment had

changed when compared with other shortlist

compounds. An example of a recent Astra-

Zeneca project in which the CD was syn-

thesized before the start of the LO phase is
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shown in Fig. 1, with timelines and events

from when the compound was first synthe-

sized to its selection as a CD.

An additional finding was that certain projects

nominated the CD a very short time after it was

first synthesized. An in-depth look at what dis-

tinguished these projects from the others

helped us to identify factors promoting rapid

delivery in drug discovery. Among these factors

were well-established in vivo models and solid

human target validation in addition to chemical

starting points with drug-like properties, which

is typically the case with back-up or fast follower

approaches. Furthermore, we also noted that

projects benefit from being highly resourced

and from having the freedom to run parallel

activities at risk.

Identifying the CD
To rank order compounds within and between

chemical series and to drive compound design, a

variety of ligand efficiency metrics (LEM) are

widely used in the pharmaceutical industry [11–

17]. The idea behind these metrics is to nor-

malize target potency and affinity to physico-

chemical properties and/or molecular size, or

composites thereof. These metrics are expected

to be predictive of the pharmacokinetic (PK) and

toxicological properties of compounds. As

DMPK scientists, we are the first to acknowledge

the importance of optimizing compounds not

only on potency, but also on PK and physico-

chemical properties. This leads to improvements

in compound quality and, thus, reduces the risk

of attrition during clinical development. The

literature that illustrates the importance of
ration
ths
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multiparameter optimization is overwhelming

and several strategies describing how to incor-

porate different metrics into the drug design

have been presented [17,18]. During the early

discovery phase, these metrics are useful be-

cause they can be used to identify clusters and

series with the highest potential for further

optimization into CDs. Once the optimization

phase of a chemical series has started, LEMs can

be applied as simple measures to follow the

evolution of the compound series and to guide

the design of new molecules. However, LEMs do

not provide any measure of the distance to the

target properties for the CD or information

about whether the properties of a compound

are of CD quality. To identify the potential CD,

more refined parameters and risk assessments

are needed. A reliable human dose prediction is

the most important of these parameters, in

which knowledge about the PK and pharma-

codynamic (PD) properties of the compound are

incorporated. The link between toxicological risk

and high dose has been described extensively in

the literature [19–21] and a low human dose is

also desirable from the manufacturing and cost

of goods perspectives. The predicted human

dose is a composite parameter of target potency

and exposure profile of the compound. Human

PK parameters can be assessed from relatively

limited experimental data [22], such as in vitro

intrinsic metabolic clearance and plasma protein

binding, which allows the prediction of human

clearance (CL) and in vivo rat PK experiments to

estimate human volume of distribution (Vss). In

combination with in vitro potency data, a hu-

man dose can be predicted for all compounds
9
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made during drug discovery [23]. The predicted

human dose should be in focus throughout the

drug discovery process to aid understanding of

the overall quality of a compound series and to

identify a potential clinical candidate as soon as

data become available. The confidence in the

human dose prediction will increase as more

assay data are generated and by an evolving

PKPD understanding during project progres-

sion.

Candidate drug target profile
The major breakthroughs in compound opti-

mization often occur during the early drug

discovery phase and we have seen that it is not

uncommon that the CD is already synthesized in

the LG phase. Line-of-sight is needed in early

discovery for the rapid identification of the

candidate drugs and we stress that a CDTP

should be already available at the start of LG.

Previously, the CDTP was not established until

the start of LO and reflected CD criteria for the

ideal compound with little concern about how

to progress into clinical development. With the

bar placed so high, the preclinical team would

concentrate on meeting the CDTP criteria and to

deliver the perfect molecule, given that it is in a

scientist’s nature to continue looking for

opportunities for improvement. There will al-

ways be new compounds to synthesize that

might be superior to current lead compounds,

but there is an obvious risk that compound

optimization, in the worst case, will continue for

several years. At some point, a shortlist of the

best compounds is assembled and the project

team rank-orders these compounds. The top-

ranked compound is then nominated for CD
Dose:
• Competitive landscap

first or best in class
• Unmet medical need
• Feasibility
• Cost of goods

Pharmacokinetic profile:
• Convenience: once or twice

daily
• Immediate or modified release
• Pharmacokinetic and

pharmacodynamic relationship

FIGURE 2

The disease area the target product profile (TPP) is the
for a few example CDTP criteria.
selection if considered to be of sufficient quality

for clinical development. Big pharma has a

reputation of being risk averse, often for good

reasons, which could partly explain the ap-

proach described above aiming for the ‘perfect’

compound.

We challenge this way of working because it

carries a substantial risk for unnecessarily

delaying the delivery of the CD. In our opinion,

the CDTP should reflect ‘acceptable’ criteria for

the target and rely on the TPP [24] for the actual

disease, including differentiation versus stan-

dard of care, patient endpoints for efficacy and

safety, as well as a strategy for determining the

optimal route of administration and dosing

regimen. Examples of ideal criteria are a daily

dose <50 mg because a high dose is associated

with higher risk for adverse events [20] and an

ideal compound does not carry any predicted

risk of drug–drug interactions (DDI) or alerts for

reactive metabolite formation. A higher pre-

dicted human dose and a label for DDI might be

acceptable when the overall risk–benefit profile

for the TPP is considered. Reactive metabolite

formation is an alert for potential drug-induced

liver injury (DILI), but needs to be contextualized

by an overall risk assessment of DILI, including

additional in vitro and in vivo assays as well as

the predicted daily dose. When the CDTP has

been established, it should normally not be

changed. Exceptions to this could be in a rare

situation where the TPP is updated or if the

project change focus to a TPP for an alternative

disease. Whether the aim is to develop a first-in-

class or best-in-class compound should be

considered (Fig. 2). As an example, for a drug

project working on a novel target aiming for a
TPP

CDTP

T

CD

e:

P

P

Safety
• Ris
• Dur
• Dos

 foundation for the candidate drug target profile (CDTP
first-in-class compound for treatment of a dis-

ease with a high unmet medical need, the focus

must be to bring a compound into clinical

development as quickly as possible. The com-

pound must have an acceptable risk–benefit

profile, but the PK profile does not necessarily

need to be perfect. For a compound with a short

half-life, it might be acceptable to administer the

compound twice or even three times daily. For a

best-in-class compound, the CDTP will typically

carry criteria that are close to ideal. If there is a

competitor compound within the same class

already on the market or in late-stage devel-

opment, the aim must be to be to deliver a

compound of overall better quality, which

should be reflected in the CDTP.

Building the CDTP with acceptable criteria can

be cumbersome and requires engagement from

all disciplines earlier in the process than is cur-

rently common practice. If only CD criteria for

the ideal case are established, there is an ob-

vious risk for excessive optimization of com-

pound properties that already satisfy the TPP. A

well-defined and high-quality CDTP with rele-

vant endpoints is key to run a drug discovery

program efficiently and to reduce the time be-

tween first synthesis and nomination of the CD.

It is important that project teams in drug dis-

covery focus their efforts and resources on the

most relevant issues to address.

An effective screening cascade
Pharmaceutical companies have invested

heavily developing high-throughput assays for

the screening of DMPK and safety properties

and to streamline compound synthesis and data

flow. Therefore, the scope for even higher
Drug–drug interactions:
• Patient population:

polypharmacy
• Risk–benefit profile

 assessment:
k–benefit potential
ation of treatment
e
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FIGURE 3

A schematic view of the drug discovery process illustrating how the design–make–test–analyze (DMTA) cycle and the screening cascade leads to the candidate
drug (CD) nomination. In the DMTA cycle, compound design is driven by wave 1 screening data, including assays for target potency, off-target potency,
metabolic clearance, plasma protein binding, solubility, and lipophilicity. A set of progression criteria based on wave 1 data, such as an early human dose
prediction and selectivity profile, are defined and a compound fulfilling these criteria will enter wave 2 in the screening cascade and progress through the
cascade until it fails to meet any criteria to enter the subsequent screening wave. The screening cascade should have a feed-back mechanism to ensure that, if
compounds in later waves fall on the same criteria, the screening cascade can be adjusted by moving assays up in the cascade to identify and filter out
compounds with these liabilities earlier. A compound that passes through all the waves in the cascade should fulfil the CDTP and be ready for CD nomination.
The number of screening waves can be varied according to the priority of the project, with fewer waves running more assays in parallel for high-profile projects.
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throughput in compound screening is limited.

However, setting up the screening cascade in an

optimal way for the rapid profiling and identi-

fication of compounds with the right properties

is an area with potential for further improve-

ment. Typically, a screening cascade works as a

funnel where all compounds made are profiled

in a first wave of assays, while fewer compounds

are profiled in assays connected to later waves.

This is a well-established approach in the

pharmaceutical industry. A screening cascade

should provide effective filtering of compounds

to identify the best compounds and to filter out

compounds with less-favorable properties that

will never become a CD. The desired compound

properties should be defined in the CDTP and,

using that as a basis, the screening cascade

should be set up with high-throughput assays

that provide relevant information to enable the

deselection of unwanted compounds in the first

wave(s). The use of prudent predefined pro-

gression criteria enables compounds with the

right properties to be submitted to the next

wave of assays in a timely and efficient manner

(Fig. 3). A screening cascade built with pro-

gression criteria of relevant composite param-

eters, such as human dose prediction and safety

margin, is a necessity for the future as we
1240 www.drugdiscoverytoday.com
consider the ever-increasing desire to reduce

cost and time in all aspects of drug discovery.

It is important to adjust the screening cascade

during the evolution of a compound series.

When new series-related issues are discovered

at a later stage, the screening cascade should be

modified, and the related assay(s) should be

moved to an earlier wave in the cascade to

ensure that unwanted compound properties are

filtered out as early as possible (Fig. 3).

There are ongoing initiatives within the

pharmaceutical industry to integrate the syn-

thesis and testing of new compounds and to

even incorporate artificial intelligence (AI) in

drug design [25–27]. If these approaches are

successful, they should cut LG and LO timelines

substantially [27–30]. At present, automated

systems include one or a few assays, whereas in

the future, more extensive screening could be

incorporated. With all this in place, the demands

for both a well-designed and efficient screening

cascade and clear decision points in terms of

progression criteria will be even higher.

Concluding remarks
As the outcome of a retrospective analysis of

AstraZeneca drug discovery projects, we have

identified opportunities to reduce timelines
between LG and CD identification. We empha-

size the need, at the start of LG phase, to have a

clear line of sight to clinical development that

should manifest in a CDTP based on the disease

area TPP. The CDTP should be used to establish a

screening cascade with meticulously selected

progression criteria for each wave in the

screening cascade. A compound that passes the

criteria in an initial wave should be rapidly

progressed to the next wave. With these

improvements in both quality and efficiency in

discovery, we anticipate more rapid identifica-

tion of CDs and accelerated drug discovery.
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