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Solving Molecular Analysis
Of Cancer!
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Evidence Based Healthcare !
Precision Medicine!

❖

❖

❖

❖

Enabling improved patient outcomes and more effective treatment
decisions for critical illnesses.
Diagnostics tailored to the specific molecular profiles of patient tissues
and integrates this molecular data, real-time biometric signal and
phenotypic data to track patient outcomes and deliver precision
medicine.
Requires cognitive learning system, and an advanced set of open source
middleware and hardware.
Collecting, indexes, and analyzes and interprets billions of molecular,
clinical, operational and financial data points derived from novel and
traditional sources

DNA To Proteins!

Goal of Such A Platform!
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Best evidence-based information available
Facilitate biopharmaceutical (pharmagenomics) companies
to accelerate development of drugs for critical illnesses
based upon the unique biology and specific health
conditions of patients
To empower patients with the knowledge to enable active
participation in the management of their own health, or
self-care.
Speed up the Analysis

Infrastructure!
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Kafka is used for building real-time data pipelines and streaming apps. It is horizontally scalable, fault-tolerant,
extremely fast, and runs in production in thousands of companies.
Apache NiFi supports powerful and scalable directed graphs of data routing, transformation, and system
mediation logic.Apache Cassandra is a free and open-source distributed database management system designed
to handle large amounts of data across many commodity servers, providing high availability with no single
point of failure.
Cassandra a high value performance data base. Robust support for clusters spanning multiple data centers, the
asynchronous masterless replication allowing low latency operations for all clients.
SparkApache
Singa a general distributed deep learning platform for training big deep learning models over large datasets. It
is designed with an intuitive programming model based on the layer abstraction. A variety of popular deep
learning models are supported, namely feed-forward models including convolutional neural networks (CNN),
energy models like restricted Boltzmann machine (RBM), and recurrent neural networks(RNN).
OpenContrail standards-based protocols and provides all the necessary components for network virtualization–
SDN controller, virtual router, analytics engine, and published northbound APIs. It has an extensive REST API
to configure and gather operational and analytics data from the system. Built for scale, OpenContrail can act as a
fundamental network platform for cloud infrastructure. HyperLedger and ECOMP being explored.

Size and Sequence of Data!
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Sequencer Machines: DNA sequencers (Illumnia, Roche,
Life Technologies, Beckman Coulter, Pacific Biosciences,
SMRT, Oxford Nanopore)
DNA Sample FastIQ 50x 150GB, BAM 150GB, CRAM
94GB (lossy compression)

❖

Mapping Alignment - Align - Variant Analysis

❖

3.3 Billion only 3 Million are variant

❖

99.9% of all Genomes are identical

Kafka and NiFi!
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Data Pipeline Parallel
Transmission of Sections To Server (Producer Consumer)
The Server Brokers Kafka
Nifi Lossless and High Quality - Data Flow Management
(Secure HIPA) (NSA Donated)

❖

Data Provenance

❖

Key Is Paralleism

Genome Processing!
❖

It’s not just software - it needs fast processing like a FPGA
(Edico Genome) DRAGEN. It needs significant processing
for sequencing, variant analysis quality assurance. The
FPGA reduces analysis on current systems (by a significant
factor)

❖

Smith Waterman
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Quantum Computing Clouds

❖

Networking needs to be distributed and block chain
fabricating

Molecular Profiling!
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Molecular profiling solutions integrating whole genome (comparing both a
patient’s normal and tumor tissue), RNA, proteomic and molecular pathways
information.
American Cancer Society has determined whole DNA 3 Billion Base Pairs approx
20,000 genes, RNA has 200,000 Express Proteins (Terabytes of Data)
Single marker and gene panel diagnostic tests have now advanced from the
research to clinical care settings. Oncology is leading the rapid advances in
molecular testing and the development of targeted therapeutics based on increasing
understanding of the impact of molecular profile on disease progression.
Recent publications, including The Cancer Genome Atlas Research Network
genomic and molecular characterization studies, support selection of treatment
regimens based on the underlying molecular pathways and related genomic
alterations in the genetic profile of the tumor compared with the patient’s own
germline

Issues With Molecular Profiling!
❖

❖

The human genome is comprised of approximately 20,000
genes and 3 billion DNA base pairs. Until recently, scientists
have focused on less than 2% of the genome that is
responsible for coding proteins. As a result, most diagnostic
tests today only analyze specific genes, or gene panels,
exploring only a fraction of the human genome
Incorporating “a priori” assumptions that capture only a
subset of the most common gene alterations. These alterations
are calculated relative to a reference genome of a population
instead of a patient’s own healthy tissue, or germline

Biometric Data!
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An increasing amount of biometric data is being
generated by the proliferation of connected devices.
However, complexities associated with synthesizing
this data into actionable insights remain an obstacle.
Aggregating and maintaining a longitudinal record
across multiple care settings remains a significant
challenge.

Technology Issues!
❖ Transport calls for Message and Data Graphing (Kafka, NiFi)
Real Time Transport and Security
❖ SDN Required for aggregating bandwidth for transport
through multiple ports and dynamic adjustments and above it
block chain fabrics for security
❖ Cognitive Systems are inadequate for analysis, thus Singa
❖ Casandra For Data Storage

Problems With Existing Data Collected!

❖

Only 4.6% Of The Time Data
Did Not Prove with DNA,
RNA to be accurate without a
germline

❖

69% False Positives

❖

26% False Negatives

Conclusion!
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Open Source Technology Is Critical To The Solution,
Carriers must be ready for the traffic demands and have
NFV, Block Chain and OpenSDN available
We are getting closer eg. NantHealth Developed A
Cancer Vaccine that the FDA approved
Cancer MoonShot 2020 National Immunotherapy
Coalition, a cancer collaborative initiative seeking to
accelerate the potential of combination immunotherapy
where much of the data in this presentation comes from

