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Introduction

At first glance, it would seem that the work that goes on at R&D 
labs in applied materials companies has little commonality with 
the processes used in the pharmaceutical industry to discover 
new therapeutic drugs. On closer examination, the principles 
are very similar, so some of the approaches, algorithms, and 
advanced tools developed by medicinal chemists can be leveraged 
in the broader context of materials research.

It is easy to get lost in the complexities of drug discovery, which 
involve the identification and verification of detailed interactions 
between the targeted proteins or genes and newly synthesized 
or extracted chemical and biological compounds. The biological 
assay of such drug candidates against cell cultures or live subjects 
aims to establish correlations between the chemical structure 
of the drug candidate and its pharmacological effects. Assays 
for toxicity, bioavailability, efficacy, and dosage response seem 
far removed from the day-to-day work of the applied materials 
research and development lab.

However, at the core, both disciplines perform the exact tasks 
and face very similar challenges. It all comes down to the 
virtuous Make-Test-Decide cycle. New materials must be made 
(synthesized or formulated). Those materials must be tested, 
whether for pharmacokinetic assays (adsorption, distribution, 
metabolism, excretion) or rheological materials tests (stress and 
strain). But most importantly, a decision has to be reached as to 
which of the many variations of a materials produced and tested 
should advance into a viable commercial product. In order to pick 
the winning product, all data gathered during formulation and 

testing must be integrated and intelligently analyzed to establish 
insightful correlations between the characteristics of the material 
and its intended purpose. It is the analytic tools to compare, score, 
and select the best materials that will give organizations a great 
commercial advantage, whether they are marketing new drug 
therapy or a novel plastic coating. 

As it turns out, the pharma industry, and medicinal chemists in 
particular, have developed a set of advanced data management, 
analytics, and visualization tools that are surprisingly applicable to 
applied materials research. Understanding the value and applicability 
of the pharma tools just requires a bit of mapping between the 
vernaculars of medicinal chemistry and materials testing.

Figure 1. The make-test-decide workflow commonly implemented in 
Pharmaceutical organizations.
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I Say “Assay”, You Say “Test”

Let’s start with the easy one. Whereas the pharma industry 
performs “assays” on their potential drug candidates in order to 
discover their therapeutic value, material scientists run “tests” 
to assess the physical properties that determine the suitability of 
materials for a given purpose. The assay (or test) typically involves 
capturing some raw data from an instrument or testing device. 
That raw data must be parsed, interpreted, mathematically and 
statistically processed, validated, and ultimately reduced into 
an understandable and actionable measurement, also called 
a test result. In both pharma and applied materials, the data 
reduction process is complex and greatly varies from one type 
of test to the next. This variability leads to very fragmented and 
decentralized approaches for collecting, storing and processing 
the test data. Often the raw data is first handled by a specialized 
software packages provided by the instrument or test device 
manufacturer, which produce an intermediate report of the test 
results. Test reports are stored in disparate files or LIMS systems. 
Further data reduction is performed via general purpose tools 
such as Excel, or perhaps generic statistics packages.

There are two key challenges with these decentralized data 
reduction approach. First, it is difficult to maintain consistency 
in the algorithms and computations used to derive the results. 
Often the data reduction recipes are stored in Excel templates 
which are re-used across projects. A change to a calculation in 
one version of the Excel template is not easily propagated to 
other copies of the template causing differences in the calculated 
results. Second, the reliance on Excel or similar file-based sources 
to manage results makes it difficult to compare and analyze data 
across research programs or even experimental techniques. Often, 
the scientist is limited to review and compare only the dataset that 
can be laboriously assembled into a single Excel template. 

The pharma industry recognized these challenges and has 
gradually moved to centralize the data reduction recipes 
and the publication of actionable test results via “Assay 
Management Systems”. These are software packages, such as 
PerkinElmer’s Signals Screening, that can centrally store and 
execute arbitrary data processing protocols so that they can be 
consistently applied and re-applied to the raw instrument data, 
while publishing all test results to a single repository. The good 
news is that the data reduction requirements for processing 
pharma assays are so broad that they can readily cover the 
needs of the materials scientist. For example, in pharma, 
assays often measure dose-response curves. The raw data is 
processed as scatter plots of concentration versus observed 
activity. The plots then have to be mathematically fitted to a 
multi-parameter curve equation, with the parameters of the 
fit leading to the actionable measurement, the IC50 (optimal 
dose for 50% response). This is completely analogous to many 
material science tests where plots of force-vs-displacement, 
or time-vs-pressure must be fitted to derive strain or other 
rheological properties. While the specific curve fit models may 
vary, the software is easily programmable to accommodate 
the analysis of data from both domains. More generally 
speaking, the tools used in pharma to parse instrument 

data, mathematically process it in complex data reduction 
protocols, and publish it for comparison and analysis, are easily 
repurposed to be used in applied materials R&D. 

I Say “Compound” You Say “Formulation”

The more significant difference between the two worlds has to 
do with the nature of the materials being tested. In medicinal 
chemistry, we deal with compounds: small molecules or relatively 
simple biological entities. In applied materials, they are much 
more complex substances “Formulated” from dozens or hundreds 
diverse chemical substances in varying proportions. Small molecule 
med chemists create series of related compounds with a common 
molecular core and varying peripheral functional groups. The 
depiction of their compounds as two-dimensional chemical 
structure diagrams is paramount. They build sophisticated SAR 
tools to establish the “Structure” to activity relationships. They 
need to understand how varying a small substituent at one end of 
their molecule affects its ability to bind to a target protein, absorb 
into a cell, or reverse a medical condition. Increasingly, pharma is 

Figure 2. Dose Response (top) vs. Strain Curve (bottom).
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using larger and more complex molecules as potential therapeutic 
agents. Often, these larger compounds are made up of small 
series of amino-acids or DNA bases that are best represented by 
the shorthand of biological sequences. The researchers vary the 
length and composition of the sequences in an effort to improve 
therapeutic activity. This is also called SAR, but in this case, the 
“S” stands for “Sequence”. Purpose-built pharma analytics tools, 
such as PerkinElmer’s Lead Discovery, therefore provide some 
advanced ways to visualize and compare variations in chemical 
structure or biological sequence.

Material scientists create series of related samples by varying 
the concentrations or compositions of key ingredients in their 
formulations. They also must establish the correlation between 
the variations in their material and the desired physical properties. 
Unfortunately, there is no simple shorthand notation to depict 
complex plastics, rubbers, or paint formulations. When it comes 
to identifying and viewing their formulations, they must rely on 
sample or formulation identifiers, and/or drill down to detailed 
descriptions of the recipe (ingredients and preparation) that make 
each sample in the series uniquely different. However, beyond 
this depiction challenge, the key problem is the same. Given a 
series of unique, but related materials, the material scientist must 
correlate against a large number of measured properties in order 
to identify the material best suited for the desired purpose. We 
once again come to the term SAR, but this time the “S” stands 
for “Sample”.

I Say SAR, You Should Also Say SAR! 

At the heart of all three kinds of SAR is the need to integrate, 
organize, layout and compare the variations in material 
composition against the response of those materials in multitude 
of tests. The researcher must first be able to identify a set of 
materials of interest with corresponding test results that meet 
some desired criteria and bring that data into an analysis tool. 
PerkinElmer’s Lead Discovery builds an index of all tested materials 
and their associated properties. It can collate information from 
existing Formulation and LIMS systems, or even from Excel and csv 

files, in order to assemble what is known about the composition 
and properties of all samples used in tests. It can likewise index 
the test results by accessing existing repositories, both private 
and public. Armed with these comprehensive index, it enables 
the researcher to “go shopping” for the data to analyze. As an 
example, the system can locate all samples across different projects, 
labs, or test types that contained at least 10% of a component of 
interest and that resulted in a formulation that achieved a desired 
range of hardness and meets a minimum threshold of elasticity. 
The way in which the user queries the data feels like shopping on 
Amazon or Expedia. It is easy to find what tests were performed on 
which materials, and which materials achieved the desired results. 
After reviewing the summary of results, the user can click a single 
button to download all the relevant data into the analysis tool.

But finding and retrieving the data is only half of the battle. 
Selecting the optimal (Lead) material requires comparing and 
compromising across multiple materials and test results. Things 
would be easy if we were making decisions based on only one 
or two tests. A simple table of tested materials with a couple of 
columns documenting the hardness and elasticity would be enough 
the pick the winner. In reality, organizations have to review and 
weight the results of dozens of tests. This is a complex multi-
parameter optimization problem that requires advanced statistical 
and machine learning algorithms, as well as novel ways to visualize 
complex result sets. Once again, the decision support tools built by 
medicinal chemists are very applicable to materials science.

A SAR Map visualization can be used to summarize and review 
variations in the composition of samples against the availability 
and outcome of tests performed. Each cell in the visualization 
may represent the intersection between two components in the 
sample. Each of the color-coded mini histograms inside the cell 
is the result of a particular test. Cells with a full population of 
histograms and a predominance of green are indicative of samples 
with the desired characteristics. Conversely, orange or red indicate 
less desirable materials. Empty cells indicate holes in test coverage 
and help identify new combinations of sample components that 
should formulated, or missing tests to be performed.

Figure 3. Structures and Sequences in LDP.
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PerkinElmer provides modular apps to simplify the deployment 
of such advanced analytics. Spotfire also provides direct 
integration with third-party and open source libraries in Python 
and R allowing integration with existing calculation protocols.

In summary, the differences between the materials and tests 
performed in pharma and material science are dwarfed by 
the commonality of the make-test-decide process and the 
flexibility of the existing analytic tools. It is time for applied 
materials research organizations to take advantage of some of 
the excellent tools and technologies developed for and by the 
pharmaceutical industry.

 •  Traceable and repeatable data reduction protocols to 
transform raw instrument data into actionable results

 •  Publication of test results across research programs and test 
types to a unified repository

 •  Searchability and import of formulation and test results into 
advanced analytics and dashboarding tools

 •  Scientifically aware visualization and comparison tools for 
complex multi parameter results sets

 •  Simplified access to advanced statistics and machine learning

 •  A trusted vendor with decades of experience in the scientific 
domain are all just one phone call or email away. 

Radar or Spider plot is another useful way to compare samples 
and the outcome of multiple tests. The result of each test is 
represented in radial axis originating from a single point. This 
allows ten or more tests results to be presented in a single 
chart. Each new test just adds one more spoke to the wheel. 
The quantitative result of each test is plotted as a point in 
the axis. Connecting all the points for a given sample gives a 
unique geometrical shape, with the size and contour being 
characteristic of the sample’s behavior. The plot is fully dynamic, 
allowing the user to select two or more samples to compare. 
Visual comparison of the overlapping shapes associated with 
each sample provides a way to identify the samples with more 
favorable outcome. An alternate approach to this type of test 
comparison and scoring is provided by the Multi Parameter 
Optimization chart. In this case, each test is represented in a 
parallel access. The chart supports different coloring schemes for 
each test and the definition of scoring rules across multiple tests. 
By hovering or selecting lines the user can identify the samples 
that performed best against the defined scoring heuristic.

As datasets and decisions get more complex, visualization is no 
longer enough. Advanced statistical classification (clustering) and 
dimensionality reduction (eg. PCA) calculations, often involving 
machine learning algorithms, become an essential part of 
decision process. Fortunately, the Lead Discovery tools are built 
on the highly extensible TIBCO Spotfire® Platform, for which 

Figure 4. Image of rigged Radar plot with applied materials tests and formulations.

For more information or a demonstration of these capabilities and more,  
contact informatics.insights@perkinelmer.com




