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Disclosure

• I have a financial interest in Fibrogen, Inc., which is 

developing prolyl hydroxylase inhibitors for the treatment 

of anemia and ischemic diseases

• I am on Lilly Board of Directors

• I am a cofounder of Tango Therapeutics, Inc.,  which is 

developing cancer drugs based on synthetic lethality

• I have a financial interest in HIF2 inhibitor Belzutifan  (being 

developed by Merck)

• I am on LifeMine Therapeutics Board of Directors 

• I am on Circle Pharma Scientific Advisory Board

• I advise Nextech Invest and Casdin Capital 



Biological Rationale/Understanding
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Drug Development Success Increases with High Quality 

Targets (Genetically Validated and Biology Understood)

Autoimmune Diseases

Cancer

Diabetes

Psychiatric Diseases

Neurodegeneration







Biological Rationale/Understanding
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B-RAF ●

VEGF ●
C-KIT ●

EGFR ●
ALK ●

Proteasome ●

Targets of Some Recent Cancer Approvals

RET ●

CTLA4 ●

PD1 ●

BTK ●



Genetic Validation of CTLA-4



Biological Understanding
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VEGF Inhibitors ●

Angiogenesis Inhibitors

Endostatin,

Angiostatin   ●



△Target Gene  → △ Phenotype

Genetics Establishes Causality



Studying Cancer Without Genetics 

on Your Side



Genetic Validation Can Take Multiple 

Forms

• Germline Human Variants/Mutations

• Recurrent Somatic Mutations

• (Properly Controlled) Somatic 
Knockout/Knockdown Studies (e.g. with 
CRISPR/Cas9, RNA Interference)

• Mouse Knockout Studies



Drugging the “Undruggable”

• Target Critical Downstream Effectors 
(Epistasis)

• Look for Allosteric Inhibitors

• Exploit Synthetic Lethal Interactions

• Search for Degraders



Genetic Validation Can Take Multiple 

Forms

• Germline Human Variants/Mutations

• Recurrent Somatic Mutations

• (Properly Controlled) Somatic 
Knockout/Knockdown Studies (e.g. with 
CRISPR/Cas9, RNA Interference)

• Mouse Knockout Studies
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Nat Rev Cancer. 17:425-440, 2017



Common ”Down” Assays in Cancer Biology

Kaelin, Nature Reviews Cancer, 2017



The Off-Target Problem

Perturbant (e.g. Drug, siRNA)

Target

Perturbant Phenotype 



The Off-Target Problem

Perturbant (e.g. Drug, siRNA)

Target

Perturbant Phenotype

?



Rescue with Perturbant-Resistant 

Target

Perturbant (e.g. Drug, siRNA)

Target

Phenotype

Target*

Block Perturbant Phenotype?



NATURE NOVEMBER 2016



Inhibition of VHL-Defective Renal Cell Carcinoma 

by PT2399: Soft Agar Assays
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Kidney Cancer Models

• Cancer Cell Lines in 2D Cultures

• Cancer Cell Lines in Soft Agar

• Subcutaneous Cell Line Xenografts

• Orthotopic Cell Line Xenografts

• Patient-Derived Xenografts

• Genetically-Engineered Mouse 

Models



Choosing Models

• The Suitability of a Model DEPENDS ON 

THE QUESTION(S) BEING ASKED

• Corroborating Lines of Evidence are a 

Scientist’s Best Friend*

*”All Models are Wrong, Some are Useful”- 

George Box



Genetic Validation of CTLA-4



Challenges Making VHL-/- ccRCC 

GEMS



Germline Cancer Gene Mutations: Humans and Mice 

Might be  “Wired” Differently with Respect to Tissue 

Tropism

RB1

Humans Mice

Retinoblastoma, Sarcoma Pituitary and Thyroid NE Tumors

TP53 Breast Ca, Sarcoma, etc. Lymphoma

APC Large Bowel Cancer Small Bowel Cancer

BRCA1 Breast Ca, Ovarian Ca, etc. None

VHL Kidney Ca, etc. None



Chromosome 3p Loss Affects Multiple 

Kidney Cancer Suppressors



Lack of Synteny Between Humans and Mice

By Sinha AU, Meller J. - BMC Bioinformatics. 2007 Mar 8;8:82 [PMID: 17343765], CC BY 2.0, 

https://commons.wikimedia.org/w/index.php?curid=62234041



Studying Cancer Without Genetics 

on Your Side



“Cancer Cells harbor too many 

mutations- we will never be able to fix 

them all” (countless naysayers)

The Multiple Mutation Problem



Genetic Interdependence

Hypothesis: Some Late Mutations (Driver or 

Passenger) in a Tumor are Only Tolerated 

Because of the Mutations that Preceded Them

If True,  Correcting Early Mutations should 

Selectively Kill Tumor Cells



Truncal vs Branch Mutations During Tumor 
Evolution: One ccRCC Example

Gerlinger M et al. N Engl J Med 2012;366:883-892.



Successfully Targeting Early Mutations

• Her2/Neu –Breast Cancer

• EGFR – Lung Cancer

• c-KIT - GIST

• B-Raf - Melanoma

• ALK – Lung Cancer

• ROS- Lung Cancer

• Etc.



Clinical Response and Resistance to RAF 

Inhibition in Melanoma

Wagle et al JCO 2011



Solution 1: Combination 
Chemotherapy

1 cm3 Tumor = 109 Cells

Tumor Burden in Most Cancer Patients = 1010-1012 Cells

Assume 1/1,000,000 Cells Resistant to Any One Drug

Then:

Chance of Cure with Single Agent is Approximately ZERO

However:

Probability of Any One Cell Being Resistant to 3 Non-Cross

Resistant Drugs is 10-6 x 10-6 x 10-6 = 10-18





Getting to Combinations

• Potency and Specificity Will Matter (!)

• The best drug for the eventual combination 
might not be the best drug as monotherapy

• Need to Get Out of Rotating Single Agent 
Mindset 

• Beware of Using Drugs at Single Agent MTD 

• Need to Think Creatively About Clinical Trial 
Designs



Solution 2. Treat Earlier!
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HIF2 Inhibitor Belzutifan in Patients with 

Advanced Kidney Cancer (Phase 1/2)
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Ongoing treatment
Partial Response

As of  January 1, 2019 

Response All Patients (n=55)

PR 12 (22%)

SD 31 (56%)

DCR 43 (78%)



Treatment of VHL Disease Patients with Belzutifan

Srinivasan et al ESMO 2023
Months
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Treatment of VHL Disease–Associated RCC with 
Belzutifan   

. 

RCC

N = 61

ORR, % (95% CI) 67 (54-79)

Best response n (%)

CR 7 (11)

PR 34 (56)

SD 19 (31)

PD 0

NEa 1 (2)

• 56 of 61 patients (92%) experienced a reduction in 
target lesion size 
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Treatment of ccRCC with Belzutifan   

a1 patient discontinued the study before the firs t postbaseline tumor assessment.  Data cutoff date: April 1, 2022. 

SPORADIC

Choueiri et al Nat Med 2021 Srinivasan et al  Lancet Oncology 2025 

VHL DISEASE
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