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Developing Early Warning Systems

Source: Smith, J. TED Talks (2017)
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Battling Cancer at Earlier Stages of the 
Disease

Sources: Editorial, Nature Medicine (2017) and Schellekens, H. et al. Nature Biotech. (2017)

“Precision (or personalized) 
medicine promises to improve the 
efficacy and safety of 
pharmacotherapy for individual 
patients. But the truth is that 
precision medicine today 
is not tailored to 
individual patients; it is 
tailored to groups of 
patients. Precision drugs are 
tested on groups of patients that 
share a disease marker but other 
differences among patients are not 
taken into consideration…”

Schellekens, et al. Nature Biotech. (2017)
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A Matter of Resolution and Scale

Source: Kelley, O. S. et al. Nat. Nanotech. (2014)

Length scales of interest for biomolecular detection



Warren, A.D., Bhatia, S.N. et al. PNAS (2014)

Synthetic Biomarkers
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• Detection of molecular entities (nucleic acids, 
proteases, exosomes, etc.)
• Capturing circulating tumor cell
• Advanced imaging techniques
• Companion diagnostic 
• Theranostics

Scaled Approaches as 
‘Barometers’ of Tumor State
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• Detection of molecular entities (nucleic acids, 
proteases, exosomes, etc.)
• Capturing circulating tumor cell
• Advanced imaging techniques
• Companion diagnostic 
• (re-thinking) Theranostics

Scaled Approaches as 
‘Barometers’ of Tumor State
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Source: Chen, H. et al. Nature Reviews Materials  (2017)

Shawn Chen 
(NIH/NIBIB)

“Breaking the dogma that a 
nanotheranostic must combine both 
therapeutic and diagnostic agents 
within a single, physical entity; instead, 
it can be a general approach in which 
diagnosis and therapy are interwoven 
to solve clinical issues and improve 
treatment outcomes.”

Rethinking Cancer Nanotheranostics
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Tumor Characteristics that 
Affect the Intratumoral

Fates of Nanotheranostics

Source: Chen, H. et al. Nature Reviews Materials  (2017)

• Leaky/dense blood vessels
o Variability between 

tumors/stages
• Dense extracellular matrix
• Increased interstitial fluid 

pressure
• Nonspecific uptake by 

stromal cells
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a) T1 MRI mediators co-released with drug 
molecules

b) Drug molecules are released w/ 
decomposition of silica shell, resulting in 
T1 hyperintensity

c) T1 mediators co-released with drug 
molecules from polymeric micelle

d) Drugs released from iron oxide NPs, 
resulting in T2 hyperintensity

e) T1 hyperintensity generated in magnetic 
resonance scans owing to deshielding

f) Signal enhancement generated in 1H 
CEST magnetic resonance images; after 
drug release, hyperintensity results in 
the 19F magnetic resonance images

Example: Monitoring Intratumoral
Drug Release

Source: Chen, H. et al. Nature Reviews Materials  (2017)
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• Variation in vascular density among tumors
• Enhancing tumor uptake of nanoparticles through 

nanoparticle engineering and tumor 
microenvironment modulation
• Increasing the EPR effect for optimal tumor uptake
• Therapeutic efficacy versus systemic toxicity
• Nanotheranostics for cancer immunotherapy

Re-defining Theranostics: 
Challenges and Opportunities
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• Nanotheranostics should focus 
now more than ever on tumor 
heterogeneity and tailoring of 
regimens for individual 
patients.
• Broaden the approach to use 

the diagnostic arm in guiding 
[early] nanoparticle 
therapeutics.

Take home

Conger, K. Stanford Medicine Magazine (2016)



• Question 1: 

How predictive are current cancer biomarkers in 
enabling early diagnosis?

Discussion Questions
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• Ovarian Cancer: CA-125 screening
• Prostate Cancer: PSA screening
• BRCA1/ BRCA2 testing
• Glioma: “Although many candidate circulating protein biomarkers were reported, none of
these have reached the required validation to be introduced for clinical practice” (Kros et al, Neuro-Oncology 
2014)

Biomarkers in Cancer Diagnosis
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• Question 2: 

Should early cancer diagnosis be built on continuous 
screening/monitoring or via genetic testing (or both)?

Discussion Questions

15



• Too expensive for regular checkups
• High rates of false positives 

Continuous Monitoring Strategies

16
96.4% False-positive results



• Question 3

Are theranostics expected to be subject to 
greater regulatory hurdles prior to clinical 
translation (compared to other nano drugs / 
diagnostic agents)?

Discussion Questions
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Nanomedicines in Clinical Trial

18Source: Bobo, D. et al. Pharmaceutical Research (2016)

(1) Explore more effective targeted agents
(2) Take into account effective drug combinations
(3) Try these approaches at early stages of disease


