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MedicineMaps: A tool for mapping and linking evidence
from experimental and clinical trial literature

medical imaging

INFORMATICS

matiasz@ucla.edu

Nicholas J. Matiasz , Wei-Ting Chen , Alcino J. Silva, PhD , William Hsu, PhD
1,3

2

3

Researchers need tools to integrate findings from a diverse and growing literature
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Structuring clinical trial reports can help to
make causal information more digestible

MedicineMaps allows translational scientists to formalize the way
they summarize evidence and design clinical trials.

We studied clinical trial reports to identify which of their elements
are essential for understanding the context of a trial’s outcomes.
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What are the essential elements from a
study that can guide decision making?
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Abstract

Randomized clinical trials (RCTs) are the de facto method for testing and reporting the efficacy and safety of treatments.

INTERVENTION
a treatment
given to a patient
who suffers from a
condition

Background: Neurofibromatosis type 1 (NF1) is one of the most common genetic disorders causing learning
disabilities by mutations in the neurofibromin gene, an important inhibitor of the RAS pathway. In a mouse model
of NF1, a loss of function mutation of the neurofibromin gene resulted in increased gamma aminobutyric acid
(GABA)-mediated inhibition which led to decreased synaptic plasticity and deficits in attentional performance. Most
importantly, these defictis were normalized by lovastatin. This placebo-controlled, double blind, randomized study
aimed to investigate synaptic plasticity and cognition in humans with NF1 and tried to answer the question
whether potential deficits may be rescued by lovastatin.
Methods: In NF1 patients (n = 11; 19–44 years) and healthy controls (HC; n = 11; 19–31 years) paired pulse
transcranial magnetic stimulation (TMS) was used to study intracortical inhibition (paired pulse) and synaptic
plasticity (paired associative stimulation). On behavioural level the Test of Attentional Performance (TAP) was used.
To study the effect of 200 mg lovastatin for 4 days on all these parameters, a placebo-controlled, double blind,
randomized trial was performed.
Results: In patients with NF1, lovastatin revealed significant decrease of intracortical inhibition, significant increase
of synaptic plasticity as well as significant increase of phasic alertness. Compared to HC, patients with NF1 exposed
increased intracortical inhibition, impaired synaptic plasticity and deficits in phasic alertness.
Conclusions: This study demonstrates, for the first time, a link between a pathological RAS pathway activity,
intracortical inhibition and impaired synaptic plasticity and its rescue by lovastatin in humans. Our findings revealed
mechanisms of attention disorders in humans with NF1 and support the idea of a potential clinical benefit of
lovastatin as a therapeutic option.
Keywords: Transcranial magnetic stimulation (TMS), Paired associative stimulation (PAS), Long-term potentiation
(LTP), Synaptic plasticity, RAS-pathway, Developmental disorder, NF1, Attention, Lovastatin

The literature available on even rare diseases often provides more
information than any individual scientist can digest and process.
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Translational scientists thus need meta-analytic tools that can:
integrate primary outcomes across multiple RCTs,
summarize what’s known to explain effects on a population, and
compare studies methodologically to inform future study design.

Graphical formalisms concisely encode observed statistical relations while intuitively visualizing causal relations.
We use a graphical formalism to annotate literature, leading to data
structures that can be explored with intuitive queries:

We explore these issues in the domain of Neurofibromatosis type I
(NF1), a genetic disorder that causes cognitive deficits in children.
This work builds off ResearchMaps [2–3], a free web application for
tracking and planning research in basic science (e.g., biology).

“Does lovastatin
improve attention
in children with
NF1?”

MATCH (p:Paper)-[]->(i:Intervention),
(i:Intervention)-[r:EXCITES]->(o:Outcome)
WHERE i='lovastatin' AND o='attention'
AND 		 r.age<18 RETURN p,i,r,o;

MedicineMaps.org is a free web application that you can use to annotate clinical trials

1
3/131

RELATION
a directed relationship
that describes an
intervention’s effect on
an outcome

OUTCOME
an operationalized
measure of a
patient’s response
to an intervention

EXCITES
Intervention

Outcome

HAS_NO_CONNECTION_WITH
INHIBITS

INCLUDES

Paper

ADDED

User

This database schema
is implemented in the
graph database Neo4j.

MedicineMaps can show the dominant
evidence for relations
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Background: Neurofibromatosis type 1 (NF1) is one of the most common genetic disorders causing learning
disabilities by mutations in the neurofibromin gene, an important inhibitor of the RAS pathway. In a mouse model
of NF1, a loss of function mutation of the neurofibromin0.60
gene resulted in increased gamma aminobutyric acid
(GABA)-mediated inhibition which led to decreased synaptic plasticity and deficits in attentional performance. Most
importantly, these defictis were normalized by lovastatin. This placebo-controlled, double blind, randomized study
aimed to investigate synaptic plasticity and cognition in0.40
humans with NF1 and tried to answer the question
whether potential deficits may be rescued by lovastatin.
Methods: In NF1 patients (n = 11; 19–44 years) and healthy controls (HC; n = 11; 19–31 years) paired pulse
transcranial magnetic stimulation (TMS) was used to study
0.20 intracortical inhibition (paired pulse) and synaptic
plasticity (paired associative stimulation). On behavioural level the Test of Attentional Performance (TAP) was used.
To study the effect of 200 mg lovastatin for 4 days on all these parameters, a placebo-controlled, double blind,
randomized trial was performed.
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of synaptic plasticity as well as significant increase of phasic alertness. Compared to HC, patients with NF1 exposed
Figure 2 SICI in healthy controls and patients with NF1 in on/off medication. Depicted are data of 10 patients of NF1 and healthy controls
increased intracortical inhibition,
impaired synaptic plasticity and deficits in phasic alertness.
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lovastatin as a therapeutic option.
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Exp. 2c: attention as measured with TAP in patients with
Keywords: Transcranial magnetic stimulation (TMS), Paired associative stimulation (PAS), Long-term potentiation
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between off and on medicated patients with NF1. In experiment 2c we tested the effect of lovastatin on
RmANOVA of resting motor threshold data revealed no attentional performance in patients with NF1. Here pasignificant main effects or interaction (TIME: F[3;60] = 1.720, tients with NF1 demonstrated faster reaction times after
p = 0.175; GROUP: F[1;20] = 0.306, p = 0.586; TIME*GROUP: administration of the drug in the case of the condition
with a warning tone but not without the warning tone
F[3;60] = 0.785, p = 0.502).
(see Figure 5). In the condition with the warning tone,
the reaction time was significantly shorter (from 240.5 ±
Exp. 2b: intracortical inhibition
Here we examined the influence of lovastatin and pla- 21.69 ms at baseline to 226.9 ± 18.3 ms after lovastatin
cebo on intracortical inhibition in patients with NF1. administration, p = 0.004, (level of significance after
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Exp. 2c: attention as measured with TAP in patients with
NF1, intervention with lovastatin

In experiment 2c we tested the effect of lovastatin on
attentional performance in patients with NF1. Here patients with NF1 demonstrated faster reaction times after
administration of the drug in the case of the condition
with a warning tone but not without the warning tone
(see Figure 5). In the condition with the warning tone,
the reaction time was significantly shorter (from 240.5 ±
21.69 ms at baseline to 226.9 ± 18.3 ms after lovastatin
administration, p = 0.004, (level of significance after
Bonferroni-Holm adjustment: p ≤ 0.007), whereas placebo had no effect (baseline: 233.1 ± 13.45 ms to 235.4 ±
17.91 ms).

Can statins treat NF1?
Discussion
The main finding of the present placebo-controlled, randomized double blind study is that lovastatin normalizes
LTP-like plasticity, decreases intracortical inhibition and
improves phasic alertness in patients with NF1.
Impaired LTP-like plasticity, has also been described
in neuropsychiatric conditions such as Alzheimer’s disease [24], in patients with schizophrenia [25] as well as
in patients with Parkinson’s disease [26,27]. Taking into

Animal models [1] suggest that statins could treat cognitive deficits
caused by NF1, but studies in humans have shown mixed results.
To explore this issue, we used MedicineMaps to annotate studies
of statins’ effects on various cognitive measures in NF1 patients.

This optional information can
contextualize results of clinical
trials and possibly explain why
a treatment can lead to
different outcomes.

With each study’s metadata, MedicineMaps visualizes methodological differences across studies to contextualize their results.
These visualizations can help researchers to design new studies.

To contextualize results, MedicineMaps
shows how studies differ methodologically

We will link the databases of ResearchMaps
and MedicineMaps to identify etiologies
2

Clinical trials on the use of statins in NF1 have had mixed results.

ResearchMaps.org is our related web application that represents
causal relations between biological agents and targets.
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To systematize meta-analytic and methodological analyses, we
visualize study results according to properties of their designs.

Linking these applications’ graph databases will allow us to
explore the biological mechanisms underlying clinical trial results.

These methodological comparisons highlight, for example, the
effect of different
statinsrepresent
(lovastatin & simvastatin)
on NF1 patients.
Research
maps
and synthesize

This hybrid system
couldrepresent
facilitate collaboration
across disciplines.
Medicine
maps
and synthesize
evidence from clinical trial literature

evidence
from
biological
literature
By identifying key differences/similarities in studies, researchers
can design new studies to resolve unexplained results.
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Discussion and future work
MedicineMaps summarizes available evidence for treatments and
metadata associated with studies to aid experimental design.
By comparing trials methodologically, MedicineMaps facilitates
meta-analyses that can contextualize the results of related studies.
As we further develop this app, we will perform usability studies to
identify how clinical researchers can use this tool most effectively.
Currently, data is entered manually; we will use this labeled data to
train our system to perform semi-automated annotation.

Outcome

memory

We invite you to visit www.medicinemaps.org to learn more.
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