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An Overview of the Current State and Vision 
for Integrated Diagnostics in Cancer Care

• Definition(s) and critical areas that will be addressed by the workshop
• Essential elements for optimal implementation
• Improving Evidence Generation Models
• Operationalization
• Oversight and Coverage
• Considerations for maximal patient access participation
• Models (Academic Centers, Industry, Private Public Partnerships)
• Opportunity costs for enhancing patient outcomes 
• Opportunity costs



Definition(s)

Integrated diagnostics refers to the concept of the convergence of 
imaging, pathology, and laboratory tests with advanced information 
technology, and it has enormous potential for revolutionising the 
diagnosis and therapeutic management of many diseases, including 
cancer

Hedvig Hricak 
January 2022



Fundamental patient-driven goals for Integrated Diagnostics

1) What disease does the patient have? (diagnosis)

2) How much of the disease is there? (residual disease)

3) Who needs treatment? (prognosis)

4)  What is the best treatment for this patient? (therapy)

5)  What dose? (pharmacogenomics, dynamics)
4



Integrated Data Science

Nikolaus Schultz

Integrated Diagnostics Initiative
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Roth et al. Journal of Digital Imaging (2021) 34:495–522

Detailed Digital Annotation Promotes Enhanced Reporting



MSK-IMPACT for Tumor Tissue Profiling

Zehir, Benayed, et al., Nature Medicine, 2017
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Knowledge Base

• Matched tumor/normal deep sequencing of 505 genes to guide treatment

2011: Established as 

research assay

2013: Validation in 

Molecular Diagnostics

2014: Approved for 

clinical use by NYS DOH

2015: Opt-in clinical 

germline analysis

2017: Authorized by US 

FDA as class II tumor 

profiling assay

2020: Surpassed 50,000 

patients profiled

Slide Courtesy of Mike Berger



Key Component : Clinical Knowledge Base

oncokb.org

Debyani Chakravarty, JJ Gao, Niki Schultz, David Solit

Chakravarty et al., JCO Precision Oncology, 2017



Comprehensive Diagnostic Assessment for Every Patient

Personalized MSK-IMPACT Report

• Mutations

• Gene Amplifications

• Gene Deletions

• Chromosomal Rearrangements

• Tumor Mutation Burden (TMB)

• Microsatellite Instability (MSI)

• OncoKB annotations

Memorial Hospital For Cancer & Allied Diseases
Molecular Diagnostics Service, Department of Pathology

1275 York Avenue New York, NY, 10065

Tel: (212) 639-8280 | Fax: (212) 717-3515

MSK-IMPACT Solid Tumor Testing Results

Patient Name Medical Record #

Date of Birth Accession #

Gender Specimen Submitted Liver mass

P-0012679-T01-IM5

Tumor Type Lung Adenocarcinoma Surgical Path. #

Ref. Physician Account #

Date of Receipt 6/9/2016 Date of Report 6/30/2016 18:04

Date of Procedure 5/25/2016

Summary 4 mutations, 3 copy number alterations, 1 struc tural variant detected. 2 alterations have OncoKB interpretations.

Somatic alterations detected in this sample:

Gene Type Annotation Location Additional Information
+

MutatMutations

EP300 Missense

S1730F (c.5189C>T)

exon31 MAF: 10%

EP300 Nonsense

Q1874* (c.5620C>T)

exon31 MAF: 11%

MLL3 Missense D4889H (c.14665G>C) exon59 MAF: 7%

SUZ12 Frameshift Del S41fs (c.122del) exon1 MAF: 5%

MutatCopy Number Alterations

CDK4 Whole gene Amplification 12q14.1 FC: 2.2 

MDM2 Whole gene Amplification 12q15 FC: 2.5 

YES1 Whole gene Amplification 18p11.32 FC: 5.2 

MutatStructural Variants

EML4 - ALK Fusion
c.1489+2812:EML4_c.3172+861

:ALKinv

EML4 exon 12 - ALK

exon 20
a

a: Denotes clinically/analytically validated variants.
a
: The EML4 - ALK fusion is predicted to be in frame and includes the kinase domain of ALK

RefSeq IDs for the genes with reported variants along with a list of all 410 genes can be found on the last page

Page 1 of 4

Alteration(s) Drug(s) Description

Ceritinib

Crizotinib

Alectinib

EML4 - ALK
Fusion 

FDA Approved and/or NCCN recommended biomarker

Investigational biomarker

Level 1

PalbociclibCDK4 Amplification
FC: 2.2

Level 2B

ALK, a receptor tyrosine kinase, is recurrently altered by chromosomal rearrangements in various

cancers including anaplastic large cell lymphoma, non-small cell lung cancer and neuroblastoma.

The fusion is known to be oncogenic. Crizotinib, ceritinib and alectinib are FDA-approved for the 

treatment of patients with ALK-fusion positive lung cancer.

 

 
.

   

 

 

+: A glossary of terms and the description of the iconography used in this report  can be found after the "Test and Methodology" section .

CDK4, an intracellular kinase, is altered by amplification or mutation in a diverse range of cancers

including liposarcomas.CDK4 amplification is known to be oncogenic. CDK4 amplification is known 

to be oncogenic. While palbociclib is NCCN-compendium listed for the treatment of patients with 

well-differentiated and dedifferentiated liposarcomas, its clinical utility in patients with CDK4-amplified 

lung adenocarcinoma is unknown.
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MSK-IMPACT Data Sharing Paradigm (+ Clinical Data)

cbioportal.mskcc.org



Harnessing multimodal data integration to advance patient outcomes

DateModify with Insert > Header & Footer 13Boehm K et al. 2022



Machine learning
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Slide courtesy of Matthew Hanna
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Remote Diagnostics at Scale



Artificial intelligence is not infallible intelligence

• The Danger of Bad Datasets

• Automated Discrimination

• Human Error

• Complex and Uneven Global Context



How to get it right

• Find better ways to assemble comprehensive datasets and merge data from 
multiple sources.

• There needs to be a diversity of data sources.

• Incentives must be aligned to ensure greater cooperation across teams and 
systems.

• Write international rules for data sharing.



The NIH Common Fund’s Bridge to Artificial 
Intelligence (Bridge2AI) program

• Propel biomedical research

• Tackles complex biomedical challenges 
beyond human intuition

• Generating new “flagship” data sets 
and best practices

• FAIR (Findable, Accessible, 
Interoperable, and Reusable) 

• Ethically sourced data sets
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“Machine learning has become ubiquitous and indispensable for solving complex problems in 
most sciences.  The same methods will open up vast new possibilities in medicine……..

As patients’ conditions and medical technologies become more complex, the role of machine 
learning will grow, and clinical medicine will be challenged to grow with it. 

As in other industries, this challenge will create winners and losers in medicine. But we are 
optimistic that patients, whose lives and medical histories shape the algorithms, will emerge as 
the biggest winners as machine learning transforms clinical medicine.”



Fundamental patient-driven goals for integrated diagnostics

1) What disease does the patient have? (diagnosis)

2) How much of the disease is there? (residual disease)

3) Who needs treatment? (prognosis)

4)  What is the best treatment for this patient? (therapy)

5) What dose? (pharmacogenomics, dynamics)

6) Precision diagnostics scaled at population level for impact at individual level 23
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MSKCC



Questions?
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