
Molecular Tumor Board – How Can 

We Learn Together?
Patrick C. Ma, M.D., M.Sc.

Associate Professor

Eminent Scholar in Lung Cancer  Research

Allen Comprehensive Lung Cancer Program

WVU Cancer Institute, West Virginia University 

WV Clinical and Translational Science Institute

Morgantown, West Virginia, USA
October 6, 2017 (Friday)



Presented by:

What is a Tumor Board?

Cancer.Net (ASCO)

A “Tumor Board” is a group of doctors and other 

health care providers with different specialties that 

meets regularly at the hospital to discuss cancer  

cases and share knowledge. The board’s goal is 

to determine the best possible cancer treatment 

and care plan for an individual patient. Having 

fresh perspectives from other doctors makes it 

much easier to come up with that plan.
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Cancer Sites – New Cases and Deaths
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The Cancer Genome Atlas 
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Cancer Genome
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Cancer Genome Complexity and 

Heterogeneity



Hallmarks of Cancer - v.2.0



Lung Cancer Precision Therapy 2017
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Genomic Classification - Lung Adenocarcinoma:

“Actionable Mutations”

• Lung Cancer - composed of 

many distinct “driver” genomic 

mutations, often intrinsically 

actionable.



Lung Cancer Mutation Consortium
LCMC data supported the OS being the best when pts with “Driver mutations” were 

treated with matching “Targeted therapy” 

Johnson B, et al. ASCO 2013. Abstract 8019.

Driver mutation + targeted therapy (n = 313)
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Molecular Tumor Board
WVU Cancer Institute – Molecular Tumor Board

- Launched September 2017

- Multidisciplinary Team Approach

- Objectives: Case Management and Educational

- Case review (clinical and molecular features) and literature review

- Attendee: Clinical – Surgical / Radiation / Medical Oncologists, 

Radiologist

Pathology – Molecular  Pathologist

Basic Scientists (Ph.D.’s)

Fellows, Graduate Students

Nurses, Mid-Level Practitioners, Social Workers, 

Pharmacists, Cancer Prevention and Control



CASE 1:
• 46 y.o. Caucasian female, “never-smoker”, otherwise healthy

– Presents with progressive forgetfulness, then acute confusion

– ED: brain MRI: At least 6 metastatic foci, with the largest identified 

within the inferior left frontal lobe (~1.5 cm) associated with extensive 

vasogenic edema and mass effect with subfalcine herniation.

Craniotomy –

metastatic adenocarcinoma



CASE 1: 46 y.o. never-smoker female

• PET/CT scan:

– Hypermetabolic lung mass (RUL) (3.1 x 2.8 x 2 cm) with metastatic disease involving 

the brain, skeletal system, mediastinal lymph nodes, right adrenal gland, and liver.

– Small pericardial effusion.

– Postoperative changes from resection of left frontal lobe metastatic brain 

lesion. Multiple known brain metastasis are partially demonstrated ……

– Hypermetabolic enhancing lesion in the left infraspinatus muscle (2.1 x 1.5 cm) c/w 

necrotic metastatic lesion.



CASE 1: 46 y.o. never-smoker female

• Comprehensive Tumor Profiling (Caris CMI): TP53 Exon 5 | C176F 

• EGFR - Exon 19 | E746_A750del  Started on first-line Erlotinib 

(Tarceva) 150 mg once daily by mouth (9/2015)

• Essential complete response in 4 months



Tumor Heterogeneity
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Inter-tumoral
Intra-tumoral

Clonal 

Heterogeneity

Intra-cellular
- genetic

- non-genetic

Burrell RA, McGranahan N, Bartek J, Swanton C. The causes and consequences of genetic heterogeneity in cancer evolution.

Nature. 2013 Sep 19;501(7467):338-45. doi: 10.1038/nature12625. Review.

https://www.ncbi.nlm.nih.gov/pubmed/24048066


CASE 1: 46 y.o. never-smoker female

• Guardant360 Liquid Biopsy:

• 9/2016 (1-yr post-erlotinib: several bone mets progression): 

EGFR Exon 19 | E746_A750del

12/2016 (left ilium bone mets progression): 

TP53 Exon 5 | C176F; 

EGFR Exon 19 | E746_A750del

EGFR Exon 20 | T790M

Sept 2016 Dec 2016



Targeting the New Achilles Heel in 

Drug Resistance 

EGFR-T790M
EGFR-mut

Tumor rebiopsy studies



Targeting the New Targets: 
Overcoming Acquired Tumor Resistance to (EGFR) Targeted Therapy

Wild-type receptor: erlotinib 

(chemical structure) snugly fits 

into the ATP-binding pocket of 

EGFR blocking its function 

T790M mutant receptor: methionine 

(M) 790 (orange) protrudes into the 

ATP-binding pocket, leads to steric 

hindrance disallowing erlotinib to bind

Images courtesy of Balazs Halmos, MD.

T790M 



“Liquid Biopsy” in Cancer Diagnosis and Therapy

( 2017 )
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Modified from: Haber DA and Velculescu VE,

Cancer Discovery 2014;4:650-661. 

Cobas EGFR Mutation v2 Plasma Test – FDA Approved June 1st, 2016

Liquid Biopsy – Molecular Gneomic Profiling



T790M

Targeting the New Targets: 
Overcoming Acquired Tumor Resistance to (EGFR) Targeted Therapy

Sept 2016 Dec 2016



Third-Generation T790M-Targeting TKIs

• These novel and highly promising drugs largely spare EGFR WT 
signaling and preferentially block mutant/T790M signaling, 
leading to potentially wider therapeutic indices

• AZD9291 (osimertinib) – 56% response rate in T790M+ patients, 
well-tolerated, some rash, pneumonitis (3%), now FDA-approved

AURA-2: Osimertinib



Case 2

• 76 year old Caucasian male, never-smoker, PMHx: Diabetes, 

Hypothyroidism, Eczema, CAD, HTN, HLD seen as a referral from 

Cleveland Clinic Genomic Medicine Institute for Radioactive-Iodine 

Refractory Papillary Thyroid Cancer.

• Dec 2008 - Total thyroidectomy with pathology showing papillary 

thyroid carcinoma, 1/5 regional LN +. Radio-iodine study followed by 

RAI-ablation completed

• October 2015 - Recurrence of disease noted being RAI resistance, 

Lenvatinib was started.

• December 2015 - Significant proteinuria thought to be related to 

lenvatinib, initially dose reduced but eventually stopped Feb 2016. 



Case 2

• March 2016. Started on Sorafenib 200 mg daily, complicated by 

uncontrolled HTN and hence stopped after few months

• May 2016. All cancer directed therapies stopped. CT scan 

revealed B/L pulmonary nodules increased in size from 2015. 

Increased right hilar LN, small effusions

• September 2016. Molecular genomic tumor profiling reported  

presence of ETV6-NTRK3 fusion and TERT promoter

• Enrolled in NTRK inhibitor clinical trial study                       



NTRK pathway



Case 2: Metastatic lung lesions

PET/CT



Case 2

• April 4, 2017 - Completed 5 cycles of NTRK inhibitor. 

Restaging CT Chest showed Partial Response going in to 

stable disease

• June 2017 - Had an embolic stroke from atrial fibrillation, 

with resultant right-sided hemiparesis/hemiplegia, aphasia; 

undergoing rehab. Drug held for 2 weeks

• July 2017 - Restarted drug on trial protocol. 

• Completed 12 cycles by September 2017. 

• August 2017 - Restaging CT scan  ongoing partial 

response





















Case 3
• 50-year-old Caucasian male with a 30 pack-year smoking history, who 

was healthy except hypertension, presented with a sore lump over the 

right lower chest wall. 

• CT of the chest, abdomen, and pelvis in January 2015 confirmed an 

enlarging underlying soft tissue mass arising within the chest wall soft 

tissue/pleural tissue space, centered over the intercostal space, 

measuring 3.0 x 5.9 x 5.0 cm. An enlarged right mid-hilar lymph node 

(2.7 x 3.1 x 2.7 cm) was also seen. 

• Ultrasound-guided needle biopsy on the chest wall mass  pathology 

review at the Mayo Clinic, revealed an extensively necrotic, poorly 

differentiated malignant neoplasm possibly representing a malignant 

SFTP (Solitary Fibrous Tumor of the Pleura)



Case 3

• Diffusely positive for CD34 and focally cytokeratin-positive. INI-1 

expression was retained. WT-1, calretinin, ER, CD31, ERG protein, 

FLI-1 and high MW cytokeratin were negative. 

• PET/CT imaging in February 2015 showed no evidence of metastatic 

lesions in the abdomen, pelvis, or bones, and a bone scan was also 

negative for any distant metastases. 

• The right lower chest wall mass was found intensely hypermetabolic 

with SUV 23, with the right hilar mass having SUV 20.



Case 3 - Pathology

A B

C
20x 40x

CD34H&E

PD-L1



Case 3 - Radiology
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Case 3

• 1st line concurrent chemoRT: Restaging by PET/CT – shrinkage of the 

primary chest wall mass to 2.8 x 1.4 cm and persistence of the right 

hilar nodal mass. 

• However, new PET-avid soft tissue foci seen in the deep subcutaneous 

tissue of the left posterior abdominal wall.

• Punch biopsy of the new subcutaneous mass revealed pathological 

characteristics similar to the previous biopsy, confirming metastatic 

dissemination. 

• 2nd line - palliative gemcitabine/docetaxel  severe life-threatening 

treatment-related toxicities: neutropenic fever, pneumonia, severe 

fatigue, mouth sores, oral candidiasis, nausea/vomiting, decreased oral 

intake, and prerenal acute renal failure. 



Case 3

• MD Anderson Rx for malignant SFTP: 

Temozolomide and Bevacizumab (temozolomide 150 mg/m2 orally on 

days 1-7 and days 15-21, plus Bevacizumab 5 mg/kg IV on days 8 

and 22, repeat every 28 days cycle)  further progression of the 

disease 

• Comprehensive multi-platform molecular tumor profiling (CMI) while 

patient was undergoing temozolomide/ bevacizumab therapy. CMI-X 

tumor profiling confirmed positive PD-1 and PD-L1 (2+, 5%) in IHC. 

• Temozolomide/bevacizumab tx was eventually found ineffective. 

• Key genomic alterations: TP53-V157F (56%), CDKN2A-R112P (62%), 

and MLH1-E234Q (52%). 



Case 3 - Pathology
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Case 3

 initiated treatment with an anti-PD-1 immune checkpoint monoclonal 

antibody in October 2015; Pembrolizumab was selected for compassionate 

off-label use, using the FDA-approved dose regimen of 2 mg/kg i.v every 3 

weeks. 

 December 2015 after 2 cycles, excellent tolerance and remarkable prompt 

shrinkage response of the left abdominal wall mass, confirmed by CT scan.

 Restaging CT imaging s/p 5th cycle of pembrolizumab confirmed a near-CR 

in February 2016. 

 Restaging via CT scan imaging in July 2016 confirmed an ongoing persistent 

near-complete response with no new disease recurrence.

 Durable near-complete response after up to a total of 26 cycles of 

pembrolizumab infusions, and he remains well with excellent tolerance 

without significant adverse effects except for mild dry skin. 



Case 3 - Radiology

Pre-treatment

s/p C2              s/p C12 - Pembrolizumab



Progress of Immuno-Oncology



New Era - Cancer Immunotherapy: 

Targeting Immune Checkpoints



Targeting Immune PD-L1/PD-1 Checkpoint Pathway
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Targeting PD-L1/PD-1 Checkpoint Pathway

PD-L1 expression

Total Mutational Load

MSI-H
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Caris Precision Oncology Alliance (POA) -

WVU Cancer Institute
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“Intratumor Heterogeneity” 

(CNV, mutations) is 

widespread and asso. with 

decreased disease-free 

survival and is caused by 

chromosomal instability.

Key driver mutations, and 

almost always clonal (TP53, 

BRAF, EGFR, MET)

TRAcking NSCLC Evolution through 

Therapy (TRACERx) 

MET

N Engl J Med 2017; 376:2109-2121, June 1, 2017

EGFR



Combating Resistance: Cancer Genome Evolutionary 

Adaptation, Tumor Heterogeneity and Drug Resistance

Nature Rev Cancer, Nov 2012



Mechanisms of Targeted Therapy Drug Resistance 

Drug sensitive cell

Drug tolerant persister cell

Genetic alteration in the targeted

kinase

Activation of bypass

signalling/downstream effector

Phenotypic transformation

Drug resistant clones

Lin JJ and Shaw AT. Resisting Resistance: Targeted Therapies in Lung Cancer. Trends in Cancer 2016; 2(7): 350–364.

EMT, NSCLC to SCLC



Combating Resistance: Cancer Genome Evolutionary 

Adaptation, Tumor Heterogeneity and Drug Resistance

OnCore Protocol No.: WVU011117

IRB No.: 1704546158

Title: Serial ProspECtive bIopsy for Appalachian 

Lung Cancer Molecular Profiling (SPECIAL) Study 

PI: Ma, Patrick

Protocol Status: OPEN TO ACCRUAL



Translational Research in Elucidating 

Molecular Mechanism of Tumor Resistance 

in Lung Cancer Therapies

WVU011117 - Serial ProspECtive bIopsy for Appalachian 

Lung Cancer Molecular Profiling (SPECIAL) Study

• Serial tumor biopsies-rebiopsies and blood collection on treatments

• Genomics sequencing and profiling

• Proteomics-Metabolomics profiling 

• Predictive biomarkers discovery for treatment response-resistance

• Novel evolutionary treatment strategies and drug discovery


