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  Star Trek has always 
reminded us of the future 
possibilities of medicine 

Leonard “Bones” McCoy and his tricorder 



Elements of the Future of Medicine 
• Personalized technology 
 
• High speed and wireless 

 
• Miniaturization 
 
• Wearables and internal sensors for monitoring of health & disease 

 
• Ever-present, analytics-enabled, real-time, individualized attention to 

prevent and treat disease 
 



The Revolution in Sensors (1) 

Lens with glucose 
sensor to track sugar 

level in tears 
Wearable postage-stamp size patch 

 that measures blood pressure 

Kraft, Nat Geo, 2019 



The Revolution in Sensors (2) 

Chung et al. 
Science 
March 1, 2019 



Predisposition to MPN 



In 2033, Alex Saven is born and his 
parents wish to understand what 

are his future risks of disease 
 

A fingerstick prick of blood or 
internal biosensor will be used  

to conduct an integrated scan of 
current health and a probability 

assessment of future heath risks, 
including MPN 

 

 
 
 

Solid tumors 
Leukemias 

MPNs 
Autoimmune Diseases 

Psychiatric illnesses 
Infection  

Neurodegenerative disease 
Developmental delay 

Lung Diseases 
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Stroke 
Diabetes 
Arthritis 
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Assessing Inherited Predisposition: 
More than Just Gene Variants 



Cost is Decreasing Dramatically 



Dynamic Re-Assessment of Predisposition  

 
 
 

• Continuous sensor 
monitoring or blood draw 

every few years 

Alex is 
now 35 
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Smoking 
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Predisposition 

High MPN Risk 
Low risk of thrombosis 
High risk of AML 

High MPN Risk 
High risk of thrombosis 
High risk of AML 

Low MPN Risk 
High risk of thrombosis 
Low risk of AML 

Low MPN Risk 
Low risk of thrombosis 
Low risk of AML 



Early Disease Detection 



Early disease detection: Biosensors to detect 
abnormal expansion blood progenitor cells 



Biosensors for early detection of  
mutated pre-leukemic cells 



Clonal hematopoiesis of indeterminate potential (CHIP) 
a.k.a Age-related clonal hematopoiesis (ARCH) 

Jaiswal et al,  
NEJM, 2014 



Clonal hematopoiesis of indeterminate potential (CHIP) 
The most common genes identified 

Jaiswal et al,  
NEJM, 2014 

Detectable mutation 
 Risk of a hematologic cancer:  11-fold increase 
 Absolute risk:  0.5% per year 
Mutation burden >10% 
 Risk of a hematologic cancer: 50-fold increase 
 Absolute risk:  1.0% per year 

Alex, now 50, feels great.  Blood counts and exam normal 
Biosensor reading picks up a new JAK2 V617F mutation.  
Burden of 2% circulating  in the blood.  



Disease Monitoring 



2019 Prognostic Scoring Systems 
 

Myelofibrosis/MPN Scoring Schemes 
• IPSS 
• DIPSS 
• DIPSS-Plus 
• MIPSS70(Plus) 
• GIPSS 
• MYSEC (secondary MF) 
• Sanger MPN risk calculator 

 
Alex is now 62 and has  
a new diagnosis of  
primary myelofibrosis. 

 



2019:   
A snapshot in time of  
‘mutation landscape’ 

2030 ?  
Continuous monitoring of mutation dynamics 



Refined, Continuous Risk  
Re-Stratification in MPNs  

• Co-Morbidity 
Status & 
Infection Risk 

 
• Inherited Risk  

• Progression to: 
• MF 
• AML 

• Thrombosis & 
Bleeding 

RBC, WBC, platelets 
Coagulation genomics 

Platelet RNA 
expression 

Endothelial cell  biome 
VWD Factor Activity 

Bioactivity Profile 
 
 

 
 

Mutation profile 
Mutation allele burden  

High risk molecular 
mutations 

Marrow fibrosis 
Flow markers of early 

blood progenitors 
Single cell analysis 

 
 
 
 
 

 
 

Lipid / glucose 
profile  

Metalobome 
Microbiome 

T/B-celll and other 
immune cell 

markers 
 
 

 

Inherited DNA 
variants and 
metabolome  



Now: single cell rather than bulk analysis of mutations 

Mission Bio 

In the future: 
 

Real time, monitoring of single cell mutation landscape 
and early detection of treatment effects and resistance/relapse 



Treatment 



Ex vivo  
drug sensitivity testing 



Limitations of ‘Biospecific’ Therapies 
 • Tumor heterogeneity 

– Polyclonality  
– Numerous potential targets 
– Co-mutations 
– Clonal evolution 
– Driver vs. passenger mutations 
– Variable gene expression 
– Innate drug sensitivity 



In silico and ex vivo Assays Guiding Personalized Treatment 
Selection in Myeloid Malignancies 

In silico Assay  Ex vivo Assay  

1. McKeown et al Cancer Discov, 2017,  
2. Drusbosky et al, Leukemia Research 2017  



Genomic Signatures Predict Venetoclax Response in AML 
Computational protein network mapping/ex vivo drug sensitivity 

 

• 74 samples from patient with refractory/relapsed AML 
– 86% ex vivo venetoclax responses matched computer 

simulation prediction 
– Correctly predicted responses of 2 treated patients  

 
• Computer derived genomic signatures identified 

resistance/sensitivity to venetoclax 
 

 
Drusbosky et al, ASH 2017, #2707 (Cellworks)  



Dr. Siddhartha Mukherjee, TED Talk:  “Soon We’ll Cure Diseases with a Cell, Not a Pill”, 2015 

Old and New Paradigms of Treatment 



Immunotherapy: 
A successful approach in solid tumors 



CAR T-Cell Therapy 

Kim et al, 2018 





Gene Editing with CRISPR/CAS9 
 

Normal JAK2 DNA sequence 

Normal JAK2 sequence  
introduced into host genome 



September 2018 

CRISPR Therapeutics and Vertex Pharmaceuticals 
 

CTX001 works by cleaving a gene called BCL11A, 
which suppresses production of fetal hemoglobin 

BCL11A  
deleted  
from blood 
stem cells 

CTX001 could efficiently edit the target gene in more 
than 90 percent of hematopoietic stem cells to 
achieve about 40 percent of fetal hemoglobin 
production, which investigators believe is sufficient 
to improve a patient’s symptoms. 



Potential Issues/Concerns 

• Low-risk ET/PV- is CRISPR needed? 
 
• Myelofibrosis– genetically complex 
 
• Off-target safety concerns 

– Accidental editing of tumor suppressor genes, 
oncogenes, or other parts of the genome 



Chemotherapy-free Conditioning 
(Preparatory) Regimen for  

Transplantation 

Chhabra et al Sci Trans Med, 2018 



Thrombopoietin (TPO) 

(TPO receptor; MPL) 
Megakaryocytes/ 

Platelets 

CALR CALR 

CALR 

CALR 

+ 
+ 

+ 

+ + 
+ 



Secreted Mutant Calreticulins As Rogue Cytokines 

Christian Pecquet, Thomas Balligand, Ilyas Chachoua, Anita Roy, Gaelle Vertenoeil, Didier Colau, Emanuel 
Fertig, Caroline Marty, Harini Nivarthi, Jean-Philippe Defour, Erica Xu, Eva Hug, Heinz Gisslinger, Bettina 

Gisslinger, Martin Schalling, Ilaria Carola Casetti, Elisa Rumi, Daniela Pietra, Chiara Cavalloni, Luca Arcaini, 
Mario Cazzola, Norio Komatsu, Yoshihiko Kihara, Yoshitaka Sunami, Yoko Edahiro, Marito Araki, Isabelle Plo, 

William Vainchenker, Robert Kralovics and Stefan N Constantinescu 
 

PLENARY ABSTRACT #4 



Magnified view 

Mutant calreticulin goes through the secretory 
pathway and is secreted  

Immuno-gold electron microscopy, using an anti-FLAG against FLAG-tagged CALR del52 expressed in 
the Ba/F3 cell line. 

17500x 36000x 



CALR mutant proteins are detected in plasma of 
patients with CALR mutations 

By sandwich ELISA using antibodies directed against the mutant end-tail / common part of CALR proteins 

2° Ab: a-mouse-HRP 

1° Ab:  
a-CALR (common part) 

Coating Ab: 
a-mutant CALR 

Analyte: 
mutant CALR in plasma 

Sandwich-ELISA setup: 

mean: 25.64 ng/mL 



CALR mutated cells secrete mutant CALR that acts in a 
autocrine and a ‘rogue cytokine’ fashion 

autocrine  

‘rogue cytokine’ 
paracrine 

JAK-STAT 
activation 

CALR mutated myeloid/megakaryocytic cells 

CALR mutants 

TpoR 

JAK2 

STAT5 

anti-mutant CALR antibody 
small molecule 

& 

secretion 

secretion 

JAK-STAT 
activation 



Peptide Vaccination Targeting CALR 

Holmstrom et al, Leukemia, 2017 



Summary:  The Future of MPNs 

• The future diagnosis and monitoring of MPNs will be 
real-time, wireless, personalized, and data-rich 

 
• Treatment:  harnessing the immune system to kill 

cancer 
 
• The potential of genome editing is exciting, but will 

need to proceed with caution to understand safety 
issues and disease-specific role(s) 
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