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• I do not have any relevant financial relationships.

This presentation and/or comments will provide a balanced, non-promotional, and 
evidence-based approach to all diagnostic, therapeutic and/or research related content.
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Cultural Linguistic Competency (CLC) & Implicit Bias (IB)

STATE LAW:

The California legislature has passed Assembly Bill (AB) 1195, which states that as of July 1, 2006, all Category 1 CME activities that relate to patient care must 
include a cultural diversity/linguistics component. It has also passed AB 241, which states that as of January 1, 2022, all continuing education courses for a 
physician and surgeon must contain curriculum that includes specified instruction in the understanding of implicit bias in medical treatment.

The cultural and linguistic competency (CLC) and implicit bias (IB) definitions reiterate how patients’ diverse backgrounds may impact their access to care.

EXEMPTION:

Business and Professions Code 2190.1 exempts activities which are dedicated solely to research or other issues that do not contain a direct patient care 
component. 

This presentation is dedicated solely to research or other issues that do not contain a direct patient care component. 
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https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB1195
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB1195
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB1195
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB1195
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB241
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB241


What’s biomarker testing

Molecular genomic and cytogenomics analysis for specific gene changes in 
the cancer cells that could mean certain targeted drugs might help treat 
the cancer.

• Immunohistochemistry study 

• Cytogenetics and FISH analysis. (FISH is a technique that allows DNA sequences to be detected on 
metaphase chromosome or interphase nuclei from fixed cytogenetics samples)

• Targeted molecular assay (NGS, sanger, RT-PCR or PCR) 

• Whole Genome array (OncoScan & CytoScan) 

• Whole Genome Sequencing

https://www.cancer.org/treatment/treatments-and-side-effects/treatment-types/precision-medicine.html
https://www.cancer.org/treatment/treatments-and-side-effects/treatment-types/precision-medicine.html
https://www.cancer.org/cancer/lung-cancer/treating-non-small-cell/targeted-therapies.html


The American Cancer Society’s estimates for cancer in the United 
States for 2025

https://www.cancer.org/cancer/lung-cancer/about/key-statistics.html



Bert  Vogelstein et al. Science 2013;339:1546-1558

• >90% missense mutations
• 5-8% nonsense changes
• <2-5% splice site or UTR’or fusions

Average 33-66 genes mutated

Genomic Landscapes of Common Human Cancers



Who Should be tested?

• Advanced stage lung adenocarcinoma (stages IIIB and IV)

- By morphology:

• Adenocarcinoma or any tumors with adenocarcinoma 
component

• Other biopsies with suspicious of presence of 
adenocarcinoma component

• Squamous cell carcinoma, when clinically indicated such as 
younger patient or never smokers who have higher 
possibility of having oncogenic drivers
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Modern Pathology
 Phenotype and Genotype are Complementary

Tissue pathology Molecular  pathology

Slide courtesy of Dr. Sanja Dacic, Yale Cancer Center



Traditional View of Lung Cancers

Levy et al. Genome Research 22:2201, 2012

Non-Small Cell Lung Cancer: Most 
common type of lung cancer 
(~85% of all type)

Evolution of target therapies
Adeno-
carcinoma

Squamous

Large

Small



Molecular Classification of Lung Cancers

Current and Future View of Lung Cancers:
Many opportunities for personalized approach 
in treatment.



How to Test?

Rolfo Et al. JTO.2021



City of Hope Practice: HopeSeq Comprehensive Assays 
Diagnostic Algorithm for Lung Cancer Diagnosis 2025

FFPE of the cytology cell block or core or resection biopsies or 40 ng of DNA and 40ng of RNA

Resection



CITY OF HOPE

Comprehensive NGS assay with combined RNA and DNA Seq

HopeSeq Expansion 13

PATHOLOGISTS

PATHOLOGISTS

 Pre-Analytics Workflow – Billing and authorization, Pathologist review, Order and circle best tumor area

 Analytics Workflow (wet lab) – RNA and DNA extraction and Sequencing

 Post-Analytics workflow – Bioinformatics, Curation, and Pathologists review and sign out 

M. Afkhami



HopeSeq Comprehensive NGS assay workflow

M. Afkhami, MD unpublished



HopeSeq Comprehensive NGS assay-COH

Variant analysis: DNA Sequencing

TMB High: TMB score > 17
TMB Intermediate: TMB 
score > 5 and < 17
TMB Low: TMB score < 5

M. Afkhami, MD unpublished



Variant Reporting: DNA Sequencing Variant Reporting: RNA Sequencing

Mutations and Fusions Curation Elevated RNA expression: PB and BM

1. Variants reviewed after bioinformatics filtering by HopeSeq curation team
2. Negative and Positive variants are reviewed by Molecular Pathologists in daily GTB
3. Complete chart review is done
4. Every Case reviewed by concurrent flow cytometry, BM report, or Surgical path and IHC, 

liquid biopsy results, and cytogenetics/FISH results
5. Every post therapy NGS results compared with previous HopeSeq results

Archer fusion 
call

Proprietary 
algorithm

Personalized Molecular Pathology Reporting

HopeSeq Comprehensive NGS assay-COH

M. Afkhami, MD unpublished



How to Test? Predictive IHCs



Sharma et al. Nature Reviews Cancer 2007; 7:169-81

EGFR mutations



Fusion testing
•

• Immunohistochemistry study 
• May be used as screening tool prior to confirming positive testing
• Fast TAT 
• Low cost
• Not sensitive or specific for most of the NTRK and RET fusions

• DNA Fluorescence in situ hybridization (FISH)
• Not available for all partner detection
• Costly
• TAT 5-7 days

• Next Generation Sequencing (NGS)
• NGS is the preferable method in detection of fusions as it identifies the causative driver and 

partner in a single test saving in both TAT and cost



ALK ROS1 RET NTRK1,2,3 NRG1 FGFR1,2,3

Prevalence ~5% ~1% 1-2% <1%

Clinical features Young, 
never to 
light 
smokers

Young, 
never to 
light 
smokers

Young, 
never to 
light 
smokers

Common 
Testing 
Methods

RNAseq/
NGS,  
FISH, 
ALK-
D5F3 IHC

RNA 
seq/NGS, 
FISH

RNA 
seq/NGS, 
FISH

RNA seq/NGS, 
FISH, Pan TRK 
IHC

RNA 
seq/NGS
, FISH

RNA 
seq/NGS, 
FISH

FDA approved 
Therapies

Yes Yes Yes Yes Yes Yes

Acquired 
resistance 
mechanism

Point 
mutation
s, 
G1202R

Point 
mutation 
G2032R

Point 
mutations, 
MET 
amplificatio
n

NK NK NK RET Fusions

ALK Fusions

ROS1 Fusions



NRG1 FusionsNTRK1,2,3 Fusions



Judd, Mol Cancer 2021 De Langen, Lancet 2023 Heist, ASCO 2024



G. Harada et al, Nat Rev Clin Oncol, 2023 

BRAF V600E Mutation

• Less commonly recognized subtypes:

• KRAS non-G12C, HRAS, NRAS, DDR2, 
LTK, RIT1, ARAF, non-BRAFV600E, RAF1, 
and MAP2K1.



Molecular Pathology and Therapy Biomarker Division Technologies:

Clinical Molecular Genomics and Cytogenomics Laboratory with Annual volume 2024 of 35,000 Molecular and 
15,000 Cytogenomics Tests

HAEMATO-
ONCOLOGY

MMRD known 
mutation

GENETIC
DISEASES

IDENTITY
TESTING

HopeSeq 
Comprehensive

SOLID
TUMORS



• Personalized Genomic Report

• Daily Genomic Tumor Board (GTB)

• Accessibility to molecular and other pathologists by Text, EPIC, and Email

• Communication of plan for treatment or next testing plan during disease team and GTB

• Rapid Heme and Solid tumor panel with same DNA/RNA extraction

• Low tumor cellularity requirements for both DNA and RNA sequencing for Comprehensive NGS

• Fusion detection of genes included with any known and novel partners,~ >5000 rearrangements

• Immunohistochemistry (IHC) studies addition to the test, PD-L1, HER2, FOLR1, cMET, MTAP, 
CLND18, etc.

• High depth of coverage: Minimal residual disease detection

• Fast Turn Around Time

Phenotype
25

Daily 
GTB

What’s distinct City of hope NGS approach from others



When to test?

• At the time of diagnosis for advance stage adenocarcinoma

• At time of recurrence or progression

•  Testing of stages I,II,IIIA is encouraged (eg. ADURA trials: adjuvant Osimertinib 
following resection of EGFR-mutant early-stage tumors)



Personalized Therapy Relies on Comprehensive NGS, Timely 
Testing, and Delivery of Care

1. Aggarwal C et al. JCO Precis Oncol. 2023;7:e2300191. 
2.  Singal G et al. JAMA. 2019;321(14):1391-1399.



Future Direction: Digital Pathology and AI for Prediction of 
biomarkers and Therapy
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