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Convergence timeline
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Timeline: The three revolutions

1953: Discovery of 
DNA Structure

2009: NAS 
releases A 

New 
Biology 
report

1969: Salvador Luria, 
theorist of molecular 

biology, awarded Nobel Prize

mid-2000s: Academic 
sectors start exploring 

convergence
1976: Biotech 

sector emerges with 
founding of 
Genentech

2001: Human Genome Project, Celera 
publish working draft of human genome

Image and info credits (clockwise from top-left): DNAmazing.com, Gene.com, BioX.stanford.edu, qb3.org, mit.edu/ki, nap.edu, sciencemag.org, 
nature.com, nlm.nih.gov



50 Years of MIT Cancer Research
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2011



COSMIC, Sanger-UK (2013)
Vogelstein and colleagues (Science, 2013)

Human genome 2003 – 
genetic diseases and cancer



Convergence – Precision treatment of 
cancer: AI transformation

• AlphaFold protein structure 

• Docking drugs on protein

• Identification of new targets – pathways, 
network, structures



ALK story: progress and challenges

• Anaplastic lymphoma kinase ALK-positive cancer was 
discovered in 2007.

• ALK–positive cancer is the result of rearrangements of the 
EML4 and ALK genes creating a fusion oncogene 
called EML4-ALK

• 20 years ago, stage 4 ALK-positive non-small cell lung 
cancer had a 5-year survival rate of 2%, it is now about 
50% when treated correctly.

• Patients with more advanced stages relapse sooner 
through resistance to targeted treatment.

      
Source: Medical News modified from Mathieu Rees.



Cancer Gene Census-
Sanger COSMIC

• 578 genes - document activity in 
cancer

• 936 - drugs listed relevant to 237 
genes

• 2224 - treatment combinations 

• 6244 - total clinical trials



Convergence – Immunological 
treatment of cancer

• Identification of specific antigens and 
immune cell recognition

• Network of immune cells and matrix cells 
interaction

• Signals controlling immune cell response



Long-term survival of Melanoma patients 
treated with immunotherapy

Wolchok et al. (2024) NEJM



Tumor: a complex cell circuit

If we know the circuit, we can manipulate it
Research of Aviv Regev
Klarman Cell Observatory
Broad Institute
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Convergence – Interception of cancer

• Prediction of future cancer risk

• Accurate and effective early detection of cancer

• Design education and evaluation supporting 
implementation including access



Prediction future cancer risk

3-year progression
Regina Barzilay



Validation in diverse population



Detection of tumor DNA in model 20x

Sangeeta N. Bhatia 



Health care costs in the United States

The cost of healthcare will 
restrict introduction of new 
innovations unless the system 
becomes more cost efficient. This will
require incorporation of new 
technology, science and systems
from bench to patient to payment.



Interception of Cancer

1. Value-based evaluation of innovations in healthcare – 
patient benefit including well-being, productivity and cost.

2. Access to healthcare delivery – diagnosis, consulting and 
support by informed staff

3. Staff by team of primary care physicians, physician 
assistants, and nurse practitioners

4. Teams supported by IT – communicated and discussed with 
healthcare providers 



Scattered
fibroglandular 

Fatty Heterogeneously dense Extremely dense

Improving early detection of breast cancer

Regina Barzilay (KI)



Scattered
fibroglandular 

Fatty Heterogeneously dense Extremely dense

Improving early detection of breast cancer

Regina Barzilay (KI)

Forty percent of women are classified as 
“dense” breast for future monitoring while 
increase risk for this large group is probably not 
statistically enhanced.



Thank you for the 
opportunity to present 

this lecture.
  - Phil Sharp
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