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Analytics Focused Research System Use Cases 
 
 
The following use cases are examples of how Quantitative Medicine envisions the Analyzed 
Focused Research SystemTM (AFRS) could be applied in the predictive preclinical safety space of 
pharmaceutical research and development.  Quantitative Medicine presents these use cases 
with the hope that the TEC could see the potential value from the active learning provided by 
the AFRS and provide insights into the decision-making processes involved in positioning this 
tool for the most suitable applications in the pharmaceutical R&D space.  

Additionally, the first example cases are meant to be possible small-scale studies that may be 
initially studied in this consortium.  However, much more valuable results are achieved when 
the AFRS is allowed to explore large experimental spaces spanning the multiple steps in the 
research process. 

The use cases are presented according to the following outline:   

Situation – giving the background and overview of the potential applications, 

Action – outlining the steps needed to address the situation and compare options, 

Results –describing the outcomes and advantages of the Analytics Focused Research 
System compared to other approaches. 

Case 1: Building an Accurate Predictive Model for a Toxicology Assay 

Situation 
An assay has been developed to test for mitochondrial toxicity using techniques based on high 
throughput microscopy.  The imaging and post-imaging analysis takes a substantial amount of 
time.  It is determined that due to the time and cost limitations, this experiment should be run 
for only 1000 compounds from the corporate compound library.  The results of these 
experiments will then be used to build a predictive model that will be used to predict the 
effects of compounds in the future, thus reducing the need to run the expensive test on every 
synthesized compound.   
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Action 
Standard Approach: Select 1000 chemical structures that represent a diversity of compounds 
in the library and run the full test on each compound. 

AFRS Approach: The AFRS solution provides two options to solve this problem.  Both use the 
AFRS to iteratively select compounds for testing.  The results from these tests will be used to 
build and optimize the predictive model. 

AFRS Approach 1:  Use the AFRS to select 200 compounds from the corporate library for 
testing using this assay in batches of 10-40 experiments.   

AFRS Approach 2:  Use the AFRS to select 1000 compounds from the corporate library for 
testing using this assay in batches of 40-100 experiments. 

Results 
Standard Approach:  A predictive model is built requiring the execution of 1000 experiments 
some of which contribute more valuable information to the model than others.  The model 
will have a predictive accuracy of X%. 

AFRS Approach 1:  The AFRS directed studies builds a predictive model requiring the 
execution of only 200 compound experiments with a predictive accuracy similar or greater 
than X%, however with 80% less experimental time and cost. 

AFRS Approach 2:  The AFRS directed studies builds a predictive model based on the 
execution of 1000 compound experiments.  However, because of the active learning 
advantage, the selected compounds have higher value information for the model and thus 
the predictive accuracy of the model is higher than previously.  That is, with the same amount 
of experimental expenditures as would have been used with the standard approach you get a 
model with higher predictive accuracy. 

Case 2:  Understanding Mechanisms of Toxicity 

Situation 

The toxicology group in the company wants to know why 20 otherwise-promising compounds 
are found to be cardiotoxic from the organ-specific assay for cardio myocytes.  The mechanism 
for their toxicity is unknown.  The researchers need to effectively determine the mechanism of 
the toxic effects in order to modify the molecules to avoid these toxic effects.  Numerous 
potential assays could be executed to determine the cause of cardiotoxic effects.  The 
researchers need to explore these potential assays efficiently to prioritize experimentation. 

Action 
Standard Approach: A researcher will utilize their experiences and domain expertise to 
execute relevant experiments to determine the mechanism from a set of available assays that 
may be relevant to cardiotoxicity.   

AFRS Approach: Quantitative Medicine will draw on extensive curated datasets and use the 
AFRS to generate an enormous set of hypotheses for many more potential causes for toxicity 
than could normally be considered by using traditional methods.  Among experiments known 
to be relevant to cardiotoxicity, the AFRS will use active learning to prioritize experimentation 
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such that the hypotheses can be most effectively eliminated or confirmed.  The AFRS can also 
recommend other experiments that may not have appeared relevant to the researcher that 
could give more information for discovering the mechanism. 

Results 
Standard Approach: Depending on the skill and knowledge of the researcher and the 
company’s resources, this approach could range from wholly ineffective to very successful.   

AFRS Approach: The AFRS will use experimental resources effectively to find the mechanism 
of the toxic effects.  The result is that the causes of toxicity are characterized more effectively 
than standard approaches as measured by accuracy, cost and time.   

Case 3:  Building Multiple Accurate Predictive Models for Toxicology Assays 

Situation 
Multiple research groups have developed 20 assays to test for toxicological effects.  It is 
desirable to build accurate predictive models for the effects of compounds in these assays.  The 
research groups select a set of 1000 compounds to test the 20 assays with the goal of building a 
predictive model. 

Action 
Standard Approach:  Test the same 1,000 compounds on all assays (20,000 experiments). 

AFRS Approach 1:  Run 1,000 experiments across different assays in batches of 100 (i.e. 100 
experiments per batch so not every compound is run on each assay per batch). 

AFRS Approach 2 (using active learning):  Run a subset of the 1,000 compounds across the 20 
different assays in batches of 100, with compounds not just from the 1,000 compounds, but 
selected from the corporate library (i.e. again 100 experiments per batch, but each batch of 
compounds is selected based on the results of previous batches to improve the information 
value of the compounds chosen). 

Results 
Standard Approach:  A predictive model is built for each assay with a mean accuracy of Y%. 

AFRS Approach 1:  A predictive model is built for each assay with a mean accuracy 
comparable to Y% with substantially less experimentation required than the standard 
approach. 

AFRS Approach 2:  A predictive model is built for each assay with a mean accuracy better 
than Y% with substantially less experimentation required than the standard approach. 

Case 4:  Attaining the Most Value from a Time-Consuming Assay 

Situation 
An in vitro toxicity screening assay with a very large preparation time – on the order of weeks – 
is prepared for a single campaign.  In order to save time moving forward, the user wants to 
generate enough data during the current experimentation to create a computational predictive 
tool for future considerations.  A computational predictive tool should help decide whether the 
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assay will ever need to be rerun in the future, by ruling out most other compounds.  The 
rationale is that the particular assay will not need to be revisited unless any future lead-
optimized compounds share structural similarities with confirmed hit clusters. 

In order to generate the right amount of data, the user must run a relatively small, but relevant 
sample of the company’s library against the assay while the culture is still fresh.  The user has 
the time allotment and budget to run 1,000 compounds for this experiment, but the user 
prefers to run less. 

Quantitative Medicine’s Analytics Focused Research System can be utilized to attain a superior 
form of diversity representation while using fewer compounds.  The active learning component 
of the AFRS selects a relevant sample based on statistical analysis of results from similar assays.  
Furthermore, users may choose to run a second batch of compounds on the assay based on 
results from the first batch. 

Action 
The user confers with the company’s IT department on the best method to collaborate with 
Quantitative Medicine over secured electronic transmission.  For this case example, the user 
decides to input initial compound and screening information into a spreadsheet for 
Quantitative Medicine.  Quantitative Medicine promptly returns the best compound library to 
execute based on the user’s desired size.  The user runs the recommended compounds, inputs 
the results into the spreadsheet and returns it to Quantitative Medicine for another round.  For 
this example, the user agrees to run 48 compounds per day for 4 days, so the iteration process 
of exchanging data with Quantitative Medicine is repeated 3 more times. 

Results 
By the end of the fourth batch, the user will have attained the more valuable dataset and 
predictive model from the QM-recommended library of 192 (4x48) compounds than an 
alternative library of 1,000 compounds chosen in one single batch.  Because the predictive 
model is better, the user may not need to revisit the time-consuming assay for any future lead-
optimized compound that does not share structural similarity with a hit cluster. 

Case 5:  Choosing Experiments to Effectively Eliminate Toxic Compounds 

Situation 
A research group in the company identifies 40 novel lead compounds that all show a more 
potent IC50 at inhibiting cholesterol synthesis in rat hepatocytes, than currently FDA-approved 
statins.  A battery of toxicity screens is available to determine whether each compound should 
progress.  We need to effectively determine which experiments should be run to most 
efficiently eliminate compounds from consideration.   

Action 
Standard Approach: Test all compounds against all assays and choose which compounds to 
progress based on those results.   

AFRS Approach: Test small numbers of compounds in batches as directed by the AFRS. 
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Results 
Standard Approach: The best compounds will have been identified using exhaustive 
experimentation. 

AFRS Approach: Most (if not all) of the best compounds will be identified as non-toxic leads 
as would be identified using the standard approach, but with much less experimentation than 
the standard approach. 

Case 6:  Finding an NME with a Desired Pharmacological Profile 

Situation 
A new target receptor has been approved for the hit-to-lead stage.  This target receptor has 4 
receptor subtypes, and only the alpha and beta subtypes are relevant for the desired efficacy.  
The agonist action of both relevant receptor subtypes simultaneously produces the maximal 
efficacy; however, upper management prefers a single NME for both targets.  Ideally, the 
company would like to develop a compound with the specificity/selectivity for only the relevant 
receptor subtypes, while not affecting the rest.   

Additionally, the target receptor is expressed all over the body, but the alpha and beta subtypes 
are more concentrated in certain tissues.  If possible, a volume of distribution that favors these 
certain tissues would be desired.  

Assays have been developed to test for all of these desired attributes’ effects on each receptor 
subtype and volume of distribution. 

Action 
Standard Approach:  The standard approach typically begins with using computational tools 
to reduce a library of 8 million or more compounds to a more viable number for a high-
throughput screening campaign.  The selected compounds for screening are hoped to be 
diverse enough to represent the entire original library.  After screening, the most promising 
compounds identified move sequentially through the pipeline of assays to find the desired 
pharmacological profile. 

AFRS Approach:  The AFRS would be used to iteratively select sets of experiments for 
different assays using compounds from the corporate library.  These results of these 
experiments would be used to build an accurate predictive model of the effects of each 
compound in each assay.  While these experiments are run, the AFRS would determine the 
most likely compound candidates to fit the desired profile and confirm those predictions.   

Results 
Standard Approach:  Some phases of this process could require the execution of tens of 
thousands of experiments and still yield many suboptimal compounds. 

AFRS Approach:  Using the AFRS to select experiments and compounds with desirable 
characteristics, candidate drugs can be more rapidly identified with a substantially smaller 
number of experiments.  
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Case 7:  Finding Multiple NMEs with Desired Pharmacological Profiles 

Situation 
A large company has multiple research groups developing drugs for multiple disease states.  
Each of these research efforts is often in a different phase of execution with different 
experimental modalities for which an accurate predictive model would be useful.   

Action 
Standard Approach:  Each of these projects continues, as they would have with relatively 
limited interaction among them.   

AFRS Approach:  The AFRS would be used to iteratively select sets of experiments across 
different development efforts from different phases such that experimentation is optimally 
executed for the mutual benefit of all projects involved.   

Results 
Standard Approach:  More than 90% of these projects fail after substantial efforts.   

AFRS Approach:  Using the AFRS to select experiments, compounds with desirable 
characteristics can be more rapidly identified with a substantially smaller number of 
experiments.  By also building accurate predictive models for a large number of toxicology 
effects as well as other side effects, undesirable compounds can be removed from 
consideration much earlier in the process, resulting in substantial long-term R&D savings. 
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