


PRECISION DIAGNOSTICS 
HOW THE LABORATORY AND PHARMACY WORK TOGETHER TO OPTIMIZE PATIENT CARE



WHO ARE WE?

Allison Eck, MHA, HTL(ASCP)cm, QLS

 Director, Pathology and Laboratory Medicine

 Technical Supervisor – Next Generation Sequencing

 Histotechnologist – 20 years

Christine Roussel, PharmD, BCOP, BCSCP

 Sr. Executive Director, Pharmacy, Laboratory & 
Medical Research

 Board certified oncology pharmacist



OBJECTIVES

 Provide an introduction to precision diagnostics and how molecular pathology can allow for a personalized 
approach to treatment

 Investigate the partnership between pathology and pharmacy and how the partnership can optimize patient care

 Illustrate concepts of testing and matching tumors with pharmaceuticals to improve patient outcomes

 Follow a tumor’s journey from identification to targeted destruction!



LET’S START AT THE BEGINNING



BIOPSY  HISTOLOGY

https://www.google.com/url?sa=i&rct=j&q=&esrc=s&frm=1&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwjn6ZmunfrKAhWBcz4KHfneAMMQjRwIBw&url=https://en.wikipedia.org/wiki/Adenocarcinoma&bvm=bv.114195076,d.cWw&psig=AFQjCNGsUY1QQjG-3h4Xf0ITDAMTZjL8-A&ust=1455641506012962


HISTOLOGY  IMMUNOHISTOCHEMISTRY
 TTF-1 Napsin A CK5/6 p63



One test per 
lifetime

Serial Testing 
of tissue (ie. 
at initial 
diagnosis, 
during and 
after 
treatment for 
monitoring 
response



TISSUE DNAVS CELL FREE DNA





Technology for determining the sequence of DNA or 
RNA to study genetic variation associated with 
diseases or other biological phenomena



MOLECULAR PATHOLOGY

 “discipline that encompasses the development of molecular and genetic approaches to the diagnosis and 
classification of diseases and the design and validation of predictive biomarkers for treatment response and 
disease progression.

 DNA hotspots

 CNV

 Inter-genetic fusions

 Intra-genetic fusions





GENETICS = BIG DATA



HOW DO WE INTEGRATE 
MILLIONS OF DATA POINTS 
INTO PATIENT CARE

https://www.chrismadden.co.uk/cartoon-gallery/genetics-cartoon-the-printer-in-a-genetics-laboratory-printing-out-with-the-paper-forming-a-double-helix-spiral/

How do we 
integrate 
millions of data 
points into 
patient care?



CONVERTING NGS DATA TO PATIENT OUTCOMES



CHEMOTHERAPY 

Interferes with Cell Replication

Indiscriminant Targeting of Dividing 
Cells

Significant Toxicity



NON-SMALL CELL LUNG CANCER 
TREATED WITH CHEMOTHERAPY 
(BEFORE GENOMICS …WHEN I STARTED IN ONC)

Schiller JH. NEJM 2002; 346:92-98

Median Survival = 8 months

Response Rate = 19%

Median Time to Tumor 
Progression = 3.7 months



CELL CYCLE AND MUTATIONS

https://www.mycancergenome.org/content/pathways/
cell-cycle-control/



CELL CYCLE AND MUTATIONS

Proto-oncogenes:  
• NORMAL genes
• Encodes for growth factors
• Signals

Oncogenes
• ABNORMAL
• Promote Cancer

Mutation

Chromosomal 
Rearrangements

Gene 
Amplification

Gain of Function
More Gas!!

Loss of Function
No more Stop 
Sign





https://pubmed.ncbi.nlm.nih.gov/22285168/

Erlotinib versus standard chemotherapy as first-line 
EGFR mutation-positive non-small-cell lung cancer

Erlotinib

median PFS =
9.7 months

6% severe treatment-
related ADRs
.

Chemotherapy

Median PFS = 
5.2 months

20% severe treatment-
related ADRs



BECOMING MORE TARGETED

Meisel 2020, Healthbook



Meisel 2020, Healthbook

Title



ASSOCIATION WITH DISEASE  

Classification

Pathogenic strong non-conflicting evidence to show that the variant is associated with a 
greatly increased (high) risk of cancer.

Likely Pathogenic
non-conflicting evidence to suggest an increased risk of cancer, though there 
is not as much evidence to support their classification as with a pathogenic 
variant.

Variant of Uncertain 
Significance

not enough evidence, or the evidence is not clear enough, to classify the variant as 
pathogenic, likely pathogenic, likely benign, or benign.

Likely Benign
non-conflicting evidence against the variant being associated with high risk of 
cancer. However, likely benign variants do not have quite as much evidence
to support their classification as benign variants.

Benign
(Little Clinical Significance)

substantial, non-conflicting evidence against the variant being associated with a 
greatly increased (high) risk of cancer. 

https://www.genome.gov/sites/default/files/media/files/2020-04/Guide_to_Interpreting_Genomic_Reports_Toolkit.pdf

https://www.genome.gov/sites/default/files/media/files/2020-04/Guide_to_Interpreting_Genomic_Reports_Toolkit.pdf


VUS

There are several reasons why variants are classified as VUS, such as:

 The effect of the specific genetic alteration on gene function is not known. 

 There are insufficient genetic data to definitively confirm that the variant is associated with risk of 
developing the disease. 

 The patient is unaffected and has no symptoms, or different symptoms than those expected based on the 
variant found..”



PUBLIC DATABASES AND RESOURCES TO EVALUATE NGS RESULTS

Genetic Databases

ClinVar
 https://www.ncbi.nlm.nih.gov/clinvar/

BRCA Exchange
 https://brcaexchange.org/

 Significant of specific

gnomAD (plus ExAC) 
 https://gnomad.broadinstitute.org/

 Useful for determining if mutation is germline

Clinical Actionablity

cBioPortal
• https://www.cbioportal.org/

OncoKB
• https://www.oncokb.org/

JaxLab CKB
• https://ckb.jax.org/gene/show?geneId=5290

https://www.ncbi.nlm.nih.gov/clinvar/
https://brcaexchange.org/
https://gnomad.broadinstitute.org/
https://www.cbioportal.org/
https://www.oncokb.org/
https://ckb.jax.org/gene/show?geneId=5290


Broad Search Ability
Levels of Evidence
Matching with Therapeutics









INTERPRETING NGS REPORTS

 NGS is one component of the bigger picture

 Cancer Diagnosis

 Staging (ex. Locally advanced, metastatic)

 Prior Therapies

 Goal of Therapy (potentially curative, toxicity burden)

 Other medical conditions that affect therapeutic decision making

 The hope is that NGS will provide additional treatment options

 Treatment options must be prioritized based on level of evidence and individual patient factors

 While tumors can change, NGS can sometimes provide possible future options



MOLECULAR TUMOR BOARD

 Multidisciplinary team approach to discussing a patient’s history, diagnosis, and treatment

 Physicians

 Surgeons

 Oncologists

 Pathologists

 Radiologists / Radiation Oncologists

 Genetics professionals

 Pharmacists



CASE STUDY  - INITIAL VISIT 9/2/2015

 64 year old women

 Presented to pulmonology with syncope and a complex left lower lobe lung mass 
w/ bilateral pulmonology nodules

 No symptoms of SOB, cough, hemoptysis, or weight loss

 No history of smoking

 Co-morbidities: hyperlipidemia, hypertension

 Labs: CBC, CMP – all within normal limits

 Sent for a CT guided needle biopsy of left lower lobe lung mass



CASE STUDY

 CT guided needle biopsy performed:

 Poorly differentiated adenocarcinoma

 Plan:

 Stage with PET scan and MRI of brain

 Molecular pathology studies of tumor to evaluate for actionable 
mutations



CASE STUDY – FOLLOW UP 9/16/2015

 Staging imaging confirms the presence of metastatic 
disease in the brain

 Surgical resection of primary tumor is contraindicated

 Surgical biopsy is too small to perform genetic 
analysis

 PLAN:

 Repeat core biopsy of lung to perform molecular 
testing



CASE STUDY 

 Biopsy was 
repeated and 
molecular 
testing was 
performed 
10/14/15



MOLECULAR TESTING 10/14/2015
Alteration Function Oncogenic On Label Clinical Trial      

(in PA)
Off Label 
Level of Evidence 
(OncoKb)

EGFR A289V receptor tyrosine 
kinase

Oncogenic, 
GOF

None None Lapatanib in 
Glioma, Level 4

EGFR L858R receptor tyrosine 
kinase

Oncogenic, 
GOF

Afatinib
Dacomitinib
Erlotinib
Erlotinib + 
Ramucirumab
Gefitinib
Osimertinib

NCT0407746
3
NCT0448708
0

Patritumab
Deruxtecan in
NSCLC, Level 3A

PIK3R2
E691FS*64+

component of the 
pro-oncogenic PI3-
kinase/AKT/mTOR
signaling pathway

Tumor
Suppressor, 
Likely LOF

None None Everolimus or 
Temsirolimus in 
RCC (Foundation 
One report)

SUFU R393W encodes the protein 
suppressor of fused, 
which is a negative 
regulator of 
hedgehog signaling

Tumor 
Suppressor, 
Unknown

None None None



FOLLOW UP 10/08/2015

 Diagnosis: Stage IV EGFR L858R 
mutated left lower lobe 
lung adenocarcinoma

 Plan: 
 Initiate erlotonib 

 Repeat MRI of the brain in 6 weeks

 Repeat PET scan in 3 months. 



11/2015 TO 12/2016

 Continues on erlotinib

 Per patient “feeling excellent” 

 Radiographically excellent response with 
almost complete remission in thorax and 
brain



FOLLOW UP 01/11/2017 

 PET/CT scan for routine staging 12/27/16 reveals large 
pleural effusion

 FDG inactive

 Cytological positive for recurrent disease

 Plan:

 Molecular testing: peripheral blood and cell block



MOLECULAR TESTING 02/2017

Peripheral 
Blood

Cell Block 
from 
thoracentesis



MOLECULAR TESTING 02/2017
Alteration Function Oncogenic On Label Clinical Trial (in PA) Off Label 

Level of Evidence 
(OncoKb)

EGFR  
(peripheral
blood)

0%

EGFR A289V
(lung)

receptor tyrosine 
kinase

Oncogenic, GOF None None Lapatanib in Glioma, 
Level 4

EGFR L858R
(Lung)

receptor tyrosine 
kinase

Oncogenic, GOF Afatinib
Dacomitinib
Erlotinib
Erlotinib + 
Ramucirumab
Gefitinib
Osimertinib

NCT04077463
NCT04487080

Patritumab
Deruxtecan in
NSCLC, Level 3A

PDL1
(IHC)

0%



FOLLOW UP 03/2017

 Pleural effusion fluid positive for 
recurrent disease

 EGFR mutation was not 
identified in the peripheral blood sample

 EGFR L858 mutation identified in cell 
block (as previous)

 PDL1 IHC 0%

 Plan:

 Pemetrexed/Carboplatin with 
Bevacizumab x 4 cycles (d/c due to 
fatigue and anemia)



06/2017 TO 10/2018

 Due to Fatigue and Anemia Patient Could not 
complete full course

 Pemetrexed / Carboplatin / Bevacizumab 

 New Plan

 Pemetrexed with Bevacizumab X 26 cycles



FOLLOW UP 10/03/2018

 Progressive disease: chest, bone

 D/C pemetrexed and bevacizumab

 Plan:

 Start Nivolumab and bone modifier

 Liquid biopsy for expanded molecular profile



PD-1 INHIBITORS (AKA IMMUNOTHERAPY)

TESTING

Nivolumab
Opdivo

No Neoadjuvant in combination with chemotherapy
First line metastatic + ipilimumab, PD-L1 > 1%
First line metastatic + chemotherapy
Second line metastatic NSCLC

Pembrolizumab 
Keytruda

PD-L1
MSI-high
TMB > 10

First line metastatic NSCLC (non squamous) + pemetrexed/platinum 
First line metastatic NSCLC (squamous)  + paclitaxel/carboplatin
First line metastatic NSCLC in PD-L1 > 1% 
Second line metastatic NSCLC in PD-L1 > 50%
Any tumor that is MSI high
Any tumor MTB >10



MOLECULAR TESTING 
11/21/2018



MOLECULAR TESTING 11/21/2018
Alteration Function Oncogenic On Label Clinical Trial         

(in PA)
Off Label 
Level of 
Evidence 
(OncoKb)

EGFR T790M 
(3.1%)

receptor tyrosine 
kinase

Oncogenic, GOF Osimertinib None Predictor of 
resistance to 
Erlotinib, 
Gefitinib, Afatanib

EGFR L858R
(8.1%)

receptor tyrosine 
kinase

Oncogenic, GOF Afatinib
Dacomitinib
Erlotinib
Erlotinib + 
Ramucirumab
Gefitinib
Osimertinib

NCT04077463
NCT04487080

Patritumab
Deruxtecan in
NSCLC, Level 3A

EGFR  A289V
(7.5%)

receptor tyrosine 
kinase

Oncogenic, GOF None None Lapatanib in 
Glioma, Level 4

TP53 C238S
(0.2%)

Tumor 
suppressor

Likely oncogenic, 
LOF

None None None

MSI-H No



FOLLOW UP 05/15/2019

 Progression of disease lungs, 
thoracic lymph nodes, brain

 Asymptomatic, functional status is well preserved

 Plan:

 Discontinue Nivolumab

 Whole Brain Radiation

 Continue bone modifier

 After completion WBRT, start 
Docetaxel/Ramucirumab

Targeted therapies for NSCLC patients harboring driver oncogene alterations are generally recommended regardless of 
age; therefore, cytotoxic agents are still indicated in those with driver oncogene alterations after targeted therapy.

https://onlinelibrary.wiley.com/doi/full/10.1111/1759-7714.13429



FOLLOW UP 09/04/2019

 Completed Docetaxel/Ramucirumab X 5 cycles with 
partial response

 Brain MRI: progression of disease despite WBRT

 CT scan of chest/abdomen/pelvis: shows a partial
response

 Plan:

 Repeat molecular testing

 Change primary therapy for better CNS penetrati
on



PROGRESSION FREE SURVIVAL WITH EGFR INHIBITORS

Meisel 2020, Healthbook



MOLECULAR TESTING 
10/19/2019 



MOLECULAR TESTING 10/19/2019 

Alteration Function Oncogenic On Label Clinical Trial         
(in PA)

Off Label 
Level of 
Evidence 
(OncoKb)

EGFR T790M 
(0.2%)

receptor 
tyrosine kinase

Oncogenic, 
GOF

Osimertinib None Predictor of 
resistance to 
Erlotinib, 
Gefitinib, 
Afatanib

EGFR L858R
(0.4%)

receptor tyrosine 
kinase

Oncogenic, GOF Afatinib
Dacomitinib
Erlotinib
Erlotinib + 
Ramucirumab
Gefitinib
Osimertinib

NCT04077463
NCT04487080

Patritumab
Deruxtecan in
NSCLC, Level 3A

EGFR A289V
(0.2%)

receptor tyrosine 
kinase

Oncogenic, GOF None None Lapatanib in 
Glioma, Level 4

TP53 C238S
(0.2%)

tumor 
suppressor

Likely 
oncogenic, 
LOF

None None None

MSI-
H

No



FIRST LINE TREATMENT OF EGFR-MUTATED NSCLC

Osimertinib

Median PFS = 
18.9 months

Standard EGFR

median PFS = 
10.2 months

https://www.newswire.co.kr/newsRead.php?no=860060



09/25/2019 TO PRESENT

 Osimertinib 80 mg po once daily

 Tolerating well with no toxicity.

 Repeat restaging CT scan 04/2022 reveals minimal residual stable

 MRI of the brain is NED

 Plan:

 Continue Osimertinib 80 mg po once daily as well as bone modifying agent

 Repeat CT scans every 4 months

 Repeat peripheral blood testing 
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