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New Tools. Better Outcomes.
Today, approximately 70% of the cost of drug 
development can be attributed to past failures. � e 
Laboratory of Systems Pharmacology is deploying 
the newest science to learn from these failures and 
to better predict which drugs will work in which 
patients. � is engineering-inspired approach is 
expected to improve outcomes and reduce cost.    

The science of 
pharmacology 
and the business 
of drug discovery 
are ready for 
reinvention.
Four decades of molecular biology has yielded new classes of therapeutic 

drugs and identifi ed genetic drivers of disease. However, many drugs work 

in only a subset of patients or provide only transient benefi t. Underlying 

these problems is an incomplete understanding of the complex and inter-

connected regulatory networks that control the biology of human health 

and disease

The Harvard Program in Therapeutic Science (HiTS) is developing a new 

Systems Pharmacology approach that combines laboratory and clinical 

experiments with sophisticated computer modeling to interpret big data 

and identify disease genes and networks. When applied by the pharma-

ceutical industry and startup companies, this approach will yield safer and 

more effective treatments for patients. 

Using big data and advanced analytics to combat disease
Over the past decade, increasingly sophisticated tools including genome 

sequencing, proteomics, and high resolution microscopy, have been 

developed to detect and characterize molecules in living cells. Investi-

gators at HiTS use these tools to map the inner working of healthy and 

diseased cells and to characterize their responses to drugs and drug 

candidates. Systems pharmacology combines this data with mathemat-

ical modeling to replicate biology in silico, resulting in a deeper and more 

comprehensive understanding. Mathematical models are subjected to 

empirical confi rmation and often suggest new and better ways to perform 

experiments. Inspired by physics and engineering, where computation 

and modeling are integral to scientifi c discovery and product design, 

HiTS investigators are pioneering the application of quantitative, model-

driven science to human disease and therapy.    

Harnessing the expertise of the Boston scientifi c community
The reinvention of a discipline as complex as drug discovery cannot 

be achieved using any single approach. HiTS brings together forward-

looking investigators in pre-clinical and translational biomedicine from 

multiple academic institutions (Harvard, MIT, Tufts) and from HMS-affi li-

ated research hospitals. Experimental work in HiTS is based in the new 

HMS Laboratory of Systems Pharmacology (LSP), a custom built facility 

that houses students, postdocs and staff supervised by over a dozen 

faculty members.     



HiTS is assembling a team 
of experts to push the frontiers 
of therapeutic science and 
build tomorrow’s cures.   

Clockwise from upper le� :

Peter Sorger 
Head of the Harvard Program in 
� erapeutic Science; Director of the 
Laboratory of Systems Pharmacology

David Golan
Dean for Graduate Education, 
Director of the � erapeutics 
Graduate Program

Tim Mitchison
Deputy Director of the Laboratory 
of Systems Pharmacology

Steve Blacklow
Director of the � erapeutics 
Technology Cluster, Chair of BCMP

• Pharmacology

• Systems Biology

• Toxicology

HiTS brings the latests tools to bear by 

coordinating expertise across emerging 

scientifi c disciplines including:

Designated by the NIH in 2014 as a National Center of Excellence in Systems Biology, 

the LSP is an interdisciplinary research facility that applies computationally intensive and 

data rich approaches to diseases such as cancer, infl ammation and neurodegeneration. 

LSP scientists develop the knowledge and methods needed to advance precision medicine, 

understand and overcome drug resistance, and rationalize combination therapy. The LSP 

houses investigators from across Harvard, Harvard-affi liated hospitals, Tufts, and MIT.

The HiTS effort in regulatory science seeks to embed the latest systems-biology approaches 

into the process of drug evaluation by engaging experts in toxicology, risk surveillance, and 

clinical trial design. The Program also supports research into pharmaco-economics and 

medical ethics with the ultimate goal of better aligning requirements for innovation, safety 

and cost effectiveness.

Making better drugs means training the next generation of leaders in pharmacology 

and drug discovery. In our PhD training program, students from any Harvard graduate 

program undertake additional training in drug development, thesis research in therapeutic 

science, and gain real-world experience via industrial internships and practical courses. 

The Therapeutics Technology Cluster (TTC) creates and deploys advanced technologies to 

develop novel therapeutic agents based on engineered proteins, small molecules, and stem 

cells. The TTC also helps faculty navigate unfamiliar methods in translational pharmacology.

HiTS was built from the ground up to 
foster and reward collaborations that span 
traditionally independent disciplines.
HiTS integrates computation, molecular medicine and big data, weaving these elements into collaborative projects that span 

academia, regulatory agencies, and industry. We are supported by the National Institutes of Health to better understand how 

normal and diseased cells respond to therapeutic drugs, by the Defense Advanced Projects Agency to design improved 

artifi cial intelligence systems for dissecting complex biological systems and by the Food and Drug Administration to develop 

the science needed to better evaluate drug safety and effi cacy. Partnerships with faculty from multiple universities and the 

pharmaceutical industry have established HiTS as a focal point of expertise in systems pharmacology.

• Medicinal Chemistry

• Proteomics

• Genomics

• Machine Learning

• Cheminformatics

• Artifi cal Intelligence

• High Throughput Screening

• Dynamical Systems Analysis

• Clinical Trial Design



HiTS has a bold mission to transform modern therapeutic science, and the time is right for change. The traditional categoriza-

tion of disease by tissue of origin is breaking down in the face of new molecular data, as is the notion that disease genes act 

in isolation. The experimental and computational approaches being developed within HiTS make the complexity of normal and 

disease states tractable and will be used to reveal how genes and the environment interact, elucidate the basis of patient-specifi c 

drug response and resistance, and idenfi ty opportunities for new therapies to treat the diseases affl icting an aging population.   

We are reinventing the fundamental science 
underlying the development of new medicines.   

Precision 
medicine 
requires both 
experiments 
and large 
scale computer 
models.

The missing link between basic science 
and new drugs is pharmacology, the study 
of drug action.

In 2014 the Laboratory for Systems 
Pharmacology (LSP) moved into a new, 
state-of-the-art facility funded by a grant 
from the Massachusetts Life Sciences 
Center. � is transformative grant created 
a 5200 sq-�  research facility at Harvard 
Medical School that houses over 40 
scientists and sta� . It is also home to the 
LSP’s new equipment for cell imaging 
and mass spectrometry. 

Drug discovery has never been simple or 
cheap, and seemingly elegant solutions 
for repairing disease-related abnormali-
ties – tuning down an overactive signaling 
pathway or blocking misguided immune 

cells – are di�  cult to achieve. Our goal: use 
more systematic and quantitative science to 
build medicines that perform as e� ectively 
in the clinic as in the lab.

Research projects in the LSP combine 
contemporary “omic” technologies (e.g. 
proteomics and metabolomics) with ad-
vanced imaging and novel chemistry. LSP 
uses mathematical models to integrate 
data across diverse length and temporal 
scales to determine how drugs bind to their 
targets, how targets function as part of 
intracellular signaling networks, and how 
drugs act in cells to treat disease. 

Rational combination therapy 
for better cancer care 
Every cancer is essentially a unique disease 

whose characteristics and vulnerabilities are 

determined by a distinctive combination of 

genetic mutations and changes in the tissue 

environment. One reason cancers are so dif-

fi cult to cure is that even when a drug effectively 

knocks down a primary cancer-causing path-

way, tumor cells activate escape mechanisms 

and become drug resistant. LSP investigators 

are performing systematic analysis of multiple 

types of cancer as a means to develop combi-

nation drug therapies that overcome resistance.

Conventional chemotherapy is the mainstay of 

most cancer drug treatments but the mecha-

nisms of action of these common drugs are 

poorly understood, in part because there is little 

incentive in industry to study drugs that have 

already been approved. In the setting of an 

academic medical center however, the potential 

benefi t to patients is the only important crit-

rion, and LSP investigators are using systems 

pharmacology approaches to study existing 

drugs and help physicians optimize their use 

in individual patients. 

The genes involved in cancer also play a role 

in a wide variety of other diseases. With the 

right scientifi c evidence, signifi cant opportunities 

exist to use drugs approved for one disease to 

treat a completely different disease. Systems 

Pharmacology, which takes a holistic view of 

disease, is an ideal tool for identifying oppor-

tunities for drug repurposing. This is one way 

to achieve the accelerated and cost-effective 

development of new medicines.

Reducing drug toxicity 
Unexpected toxicity is a primary cause of 

failure for drug development programs, and the 

LSP is developing systems-based approaches 

to understand, predict, and ultimately mitigate 

adverse effects. A central challenge in toxicol-

ogy is that most disease genes have essential 

functions in normal tissues, therefore medicines 

should selectively modify only disease process-

es. LSP investigators are developing models 

of biological networks across large numbers 

of normal cell types, including stem cells, as a 

means to maximize drug selectivity and improve 

the safety of new medicines.  

Bringing Pharmacology 
into the digital era 
Our world is being revolutionized by digital 

technologies including high performance 

computing and big data. Despite the potential 

for the transformation of pharmacology and 

drug discovery, biomedicine is one of the least 

computationally driven sciences. A central goal 

of HiTS is to develop a range of new mathemati-

cal approaches that transform the way we study 

human biology. This will require fundamental 

innovation in basic and applied science and will 

impact drug discovery programs from inception 

through clinical development. Signifi cantly, all 

of the software developed by the LSP is open 

source and freely available to investigators 

around the world. 
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