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Identifying the Need for New Drugs
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The world is currently engaged in an unprecedented, 
transformational effort to achieve a set of 17 ‘broad and 
universal’ policy goals that seek to bring greater prosperity, 
security and dignity to all by 2030 (1). The Sustainable 
Development Goals are ambitious and highlight some 
important issues like poverty reduction, universal health  
and education as well as social justice for all. A key driver of  
this change that applies to all goals – including the one on 
health – is Goal 17, to revitalise global partnerships that 
“mobilise and share knowledge, expertise, technology  
and financial resources” (2).

New Ways of Working

In the field of global health, the elimination of neglected  
and infectious diseases such as malaria, tuberculosis (TB), 
AIDS and the Zika virus is a keen focus of interest. Scientists in 
both public and private sectors around the world are coming 
together through product development partnerships to share 
the very resources outlined by Goal 17 in order to develop new 
medicines for these debilitating and fatal diseases.  

Recently, there has been a growing appreciation from 
groups involved in drug discovery of the value of greater 
openness and collaboration in the process. This has led to the 
establishment of pre-competitive collaborations and initiatives 
based on various levels of open access. Many groups have been 
experimenting with new ways of working, exploring models 
that utilise differing levels of engagement and transparency (3).

At the simplest level, open science involves the deposition 
of data in the public domain for the benefit of the research 
community. High-throughput screening (HTS) is a well-
established, successful method for identifying starting points 
for drug discovery programmes. Only a small number of hit 
series may be selected for further optimisation in screening 
campaigns and free access to the full screening dataset has  
the potential to stimulate additional drug discovery 
programmes. In highly commercial disease areas, there may 
be a perceived disadvantage in disclosing hit structures, which 
could then be exploited by a competitor. However, in the 
neglected disease arena, where there is little or no profit motive, 
there is no benefit in keeping the hits identified by screenings 
secret. Indeed, there may be an advantage to the overall 
community in making hits available for others to explore.

Open Data

Many organisations have now published primary screening 
information directed at neglected and endemic tropical 
diseases. The first malaria results to be released revealed 
over 20,000 hits with phenotypic activity against the malaria 
parasite (4-6). This has been followed by the dissemination 
of other malaria data alongside screens targeting numerous 
other tropical diseases such as human African trypanosomiasis, 
TB, and leishmaniasis, which have typically been made 
available through an open access scientific publication and 
for download from a free repository for open access primary 
screening data (7-10). Additional information on cytotoxicity 
and selectivity has often been included to aid compound 
prioritisation. Getting new groups to screen and then share 
data requires active management and leads to a virtuous 
sharing cycle – people are more willing to share when they 
see others doing so.

New discovery programmes were initiated as a result of this 
release. However, despite the previous clamour for more data 
to be in the public domain, these publications did not have the 
anticipated impact on neglected disease drug development. 
Many groups preferred to have access to physical samples of 
the compounds to test; other researchers – in the absence 
of detailed real time information on hits already selected for 
exploration – perceived difficulties in avoiding duplication 
of efforts and thus being able to choose the most promising 
unexplored hits for further optimisation. Various screening 
centres did seek to address this data gap through additional 
publications (11). Many new initiatives were launched to 
provide both physical samples and more information on these 
screening hits to further stimulate drug discovery research, 
taking open science to the next level.   

Open Access Compound Collections

Many assays conducted in academic institutions are more suited 
to screening hundreds rather than thousands of compounds. 
This realisation led to the launch of projects such as the Malaria 
and Pathogen Box projects (see pages 65 and 66), which 
assembled screening sets of 400 compounds with confirmed 
activity against neglected diseases; these were distributed for 
free to requestors. Computational techniques were used to 
cluster published screening hit sets, then to select a diverse 

Opening Doors
Following the adoption of the 2030 Agenda for Sustainable 
Development by world leaders, the pharma industry has seen 
an increased emphasis on collaboration and openness in the 
drug discovery process. The Malaria and Pathogen Boxes 
especially demonstrate the benefits of open source approaches
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range of 400 compounds that were representative of the 
overall hit sets. Samples were purchased or synthesised, then 
screened to confirm biological activity. The final compounds 
were distributed as screening sets in 96-well plates and copies 
of the boxes were requested through a simple web-based 
application form and distributed free of charge. In return, 
recipients agreed to share their results with the community, 
completing the cycle of knowledge sharing. 

Over 400 copies of the Malaria and Pathogen Box have 
been distributed and the information generated represent 
a sizable dataset, as illustrated by the resulting 50 scientific 
publications. Groups releasing initial results could ask for 
additional quantities of hit compounds, as well as structural 
analogues for screening, to establish initial structure activity 
relationships (SAR) alongside the provision of drug metabolism 
and pharmacokinetics (DMPK) data and drug discovery 
advice.  Active management of these collections, including 
the generation of DMPK data and the use of CROs to prepare 
structural analogues for distribution to requestors, greatly 
facilitated the progression of screening hits. This culminated 
in the initiation of new drug discovery projects and an 
understanding of the biological mode of action.  

The results of a particular scientific investigation are often 
not significant enough to justify a scientific publication – for 
example, a screen against a particular biological target may 
identify no hits. However, there is still benefit in releasing this 
information to the community, since an awareness of the 
complete dataset will often prove useful to other researchers. 
To this end, more than 60 groups around the world have 
contributed data to a paper describing the results obtained 
from screening the Malaria Box (12).

The outcomes of these open access projects demonstrate 
that there is a clear demand for interesting compound sets 
and the screening undertaken provided useful training for 
students while building a network of like-minded research 
groups. Moreover, the willingness of groups to share results 
and initiate collaborations was particularly noteworthy. Many 
of the groups who started projects had not previously been 
active in this area of research, so the initiative successfully 
broadened the number operating in neglected disease drug 
discovery. Medicinal chemistry and drug discovery mentorship 
was required, and there is a wide community of experts willing 
to provide such advice. The next challenge will be for teams to 
secure further funding to allow the most promising leads to 
deliver drug candidates.

The success of the open access compound collections is likely 
to stimulate new projects in this area. Plans are already under 
way to compile a pandemic response box, a free collection of 
compounds with anti-viral and antibacterial activity. 

Open Source Drug Discovery

This model is a completely transparent and open arrangement 
in which all project data, structures and decision-making 
processes are freely available. Furthermore, the whole 
community is invited to participate by providing advice, 
synthesis, screening and in-kind technical support. One of the 
main experiments in open source chemistry has been with 
the open source malaria project (13). The scheme has seen 
significant engagement and interest from scientists, although 
the financial resources available have been limited. Several 
series have been explored and the results published, providing 
a clear illustration of the methodology in action. This project 
and others have successfully engaged secondary school and 
university students in the synthesis of compounds, allowing 
access to valuable hands-on drug discovery training.   

Successful open source projects will need to develop 
innovative IT tools that serve the needs of all users. It is critical 
that potential participants can quickly understand a project’s 
SAR, goals and challenges, and hence identify opportunities 
to contribute. It is hoped that computational experts may 
join to help develop the necessary tools. Taking open source 
drug discovery to the next level will require a demonstration 
that the model is competitive with traditional methods; this 
will warrant stronger engagement with experts and access to 
greater project coordination and logistical support. A possible 
future model would involve the funding of a core team 

Malaria Box
The Malaria Box, a screening set of 400 compounds with 
antimalarial activity, was distributed free of charge to 
250 research groups across the world between 2011 
and 2015 (16). This open source initiative has not only 
enhanced antimalarial drug discovery, but also allowed 
the identification of molecules with activity against 
other diseases such as cancer, cryptosporidiosis and 
toxoplasmosis. Significant engagement from scientists 
resulted in 50 publications and all results were disclosed in 
the public domain to create an open and collaborative forum 
enabling the wider community to fully exploit the findings.
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    However, in the neglected disease arena, where there is little 
or no profit motive, there is no benefit in keeping the hits identified 
by screenings secret. Indeed, there may be an advantage to the 
overall community in making hits available for others to explore
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comprising the key disciplines, around which other  
scientists and communication experts could assemble, 
thereby allowing the operation of the drug discovery  
design-make-test cycles with sufficient momentum to 
increase the chances of success. 

Virtual Cycle

Open innovation has successfully delivered new molecules into 
the clinic for malaria and neglected diseases. Open access data, 
compounds and publications then serve to further stimulate 
open source thinking and new projects. It should be possible 
to extend this strategy into other disease areas and examples 
are already emerging. For instance, the open sharing of the 
structure of bromodomain inhibitor JQ1 catalysed the open 
release of several inhibitors with activity against other members 
of the bromodomain family (14). In addition, the release of 
the published kinase inhibitor set will aid the development 
of chemical probes for the untargeted kinome (15). Many 
commercially viable therapeutic areas including antibacterials, 
central nervous system disorders and psychiatric diseases now 
suffer from market failure as a result of high development costs 
and the difficulty of linking novel targets to disease. Open 
innovation is one of the keys to unlocking the potential for drug 
discovery, and may lead to a new generation of much-needed 
treatments, thus paving the way for the possible elimination of 
neglected infectious diseases in the near future.

Pathogen Box
The Pathogen Box was launched in December 2015 (17). 
Modelled on the Malaria Box, this open source project 
targets broader potential applicability in order to spur 
further drug discovery efforts towards neglected diseases. 
This Box is a collection of 400 drug-like compounds with 
confirmed activity against neglected tropical diseases, 
malaria and TB. In its first year, 175 copies were dispatched 
free of charge around the world, including 50 to endemic 
countries. All structures and data are made publicly 
available and the whole community is invited to fully 
participate in order to sustain progress against  
neglected diseases.
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