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What and why: Genomic sequencing?

• Sequencing the DNA in tumor cells either by tissue analysis or blood
• The goal is to determine which genomic variants are present in the 

tumor which may guide future therapeutic treatment options
• Treatment options could either be an FDA approved drug which 

targets a particular gene variant for a particular disease (e.g. 
BRCA1/BRCA2 in prostate cancer – Olaparib) or to find clinical trial 
opportunities with novel targeted oncolytics



Amplification

• Amplification can occur at the 
gene level or by increased 
transcription

• Gene copy number is evaluated 
by FISH

• Protein expression is evaluated 
by immunohistochemistry

• Gene expression (RNA) is 
identified by some NGS assays



Point Mutations and Frameshift Mutations 



Splicing Mutations

• One variant, several transcripts
• GENE:Location:Sequence

Change



Chromosome Level Mutations = New Fusion 
Genes



Oncogenes and Mechanisms of Activation

EMMANUEL N. KONTOMANOLIS et al. Anticancer Res 
2020;40:6009-6015

Point Mutations
• EGFR
• KRAS
• BRAF

Chromosomal Translocation
• Philadelphia chromosome (eg; BCR ABL)

Gene Amplification
HER2
C-MYC

Usually druggable
KRAS has proven to be a challenge over time
Transcription factors also difficult to target



Tumor Suppressor Genes

Tumor suppressor genes prevent cancer

When they get mutated, cancer can occur

Examples
• PTEN
• TP53

Many are involved in DNA repair

Bad News = Hard to target

Notable exception, synthetic lethality



Synthetic Lethality

• Inhibiting PARP impacts base 
excision repair

• BRCA1 mutation impacts double 
strand DNA repair

• PARP inhibition in BRCA1 mutant 
patient a highly effective 
strategy 

• Ongoing clinical trials combining 
PARP inhibitors with ATM and 
ATR inhibitors



Common NGS Assays
Platform Genes Sequencing 

Strategy
FDA Approval Use

FoundationOne
CDX

324 Capture Yes Substitutions, insertion and deletion alterations 
(indels), and copy number alterations (CNAs)

Foundation Liquid 324 Capture Yes (NSCLC, 
Prostate, 
Ovarian, 
Breast)

Substitutions, insertion and deletion alterations 
(indels), and copy number alterations (CNAs)

Caris Molecular 
Intelligence CDX

~20,000
592 reported

Exome (DNA 
and RNA)

No Whole exome and transcriptome, pretty much 
everything

Guardant 360 73 Capture Yes (NSCLC) Substitutions, insertion and deletion alterations 
(indels), and copy number alterations (CNAs) + 
fusions



Common NGS Assays

Platform Coverage Error rate (positive and 
negative, sensitivity 

and specificty)

LoD (limitation of 
detection at 100% 

sensitivity)

Notes

FoundationOne CDX 250X <1% Most ~ 2.5%

Foundation Liquid 250X <1% Most ~0.5% Concordance was 
100% to another 
liquid assay 

Caris Molecular 
Intelligence CDX

1000X for 720 
clinical genes, > 
500X, for 
others

<1% false positive, <5% 
SNVs and indels

0.1% >95% concordance 
with Sanger 
sequencing

Guardant 360 <1% SNV and indels 0.25% Concordance 92%-
100% to tissue



How Are The Sequencing Reports Utilized to 
Generate Clinical Recommendations?



Translating NGS Results into Individualized 
Therapy Recommendations
• Start with the individual themselves:

• Cancer diagnosis and stage
• Prior therapies
• Goals of care
• Other important comorbidities or considerations

• NGS tests results have limited patient specific information
• Goal is to translate the findings into realistic treatment options for 

each individual patient 
• Consider current and future therapies
• Summarize multiple genomic tests  tumors can change over time



Common Components of NGS Reports

• “Front Page” findings
• Detailed individual gene descriptions
• Clinical trials
• Variants of uncertain significance
• References
• Appendix information:

• Test methodology
• Genes and alterations assessed 
• Lower limits of detection



CARIS MiProfile

TEMPUS xT®

FoundationOne® CDx/ Heme / Liquid CDx

Guardant360®



MSKCC/OncoKb Levels of Evidence

JCO Precison Oncol. 2017 Jul;2017 (epub 2017 May 16)



Translating Results into Patient Care

•Which gene mutations could be driving the 
cancer?

•Which gene mutations do we likely not want to 
target (passenger mutations)?



Case #1

• Patient is a 69 y/o female with renal clear-cell carcinoma; former smoker 20 pack years​

• April 2012 - underwent a total nephrectomy on the R side. Pathologic diagnosis at that time was that of an 8.5 cm firm and 
grade 4/4 T3a N0 M0 clear-cell carcinoma. The tumor was present in large muscular line branches of the renal vein within 
the renal sinus. ​

• May 2014 - surveillance CT scans reveal several scattered small pulmonary nodules, the largest now being up to 11 mm in 
the R pleural-based region. There have been some small nodules in the RP, slightly more prominent in the L periaortic area 
measuring size 12 mm.​

• November 2021 - had what she thought was recurrent sciatica. MRI revealed an S1 mass with encroachment on thecal sac. 
Steroid injection w/o relief requiring oxycodone and supine position for such. No bowel or bladder changes. No other 
obvious lesions by MRI lumbar. ​

• December 2021 – underwent CT-guided bx of sacral mass. Path + for RCC - Received palliative RT to sacrum 300Gy x 5

• March 2022 – received 5 cycles nivolumab/cabozantinib with improvement then developed enterocolitis vs diverticulitis, 
drained abscess​



Case #1 – Foundation CDx Somatic Tissue 
Testing



Case #2

• Patient is a 49 y/o male with newly diagnosed pancreatic cancer; hx DM2, HTN, irregular heart beat​

• 8/22/2022 – presented to PCP with c/o intermittent RUQ abdominal pain x 3 months.​

• 9/2/2022 – US concerning for abdominal mass​

• 9/7/2022 – CTAP showed 8cm pancreatic mass, multiple liver masses, splenic infarct, hiatal hernia​

• 9/14/2022 –EGD/EUS showed multiple metastatic liver lesions, a mass in the pancreatic body and tail, and many 
hypoechoic lesions in the peritoneal cavity. TxNxM1. FNA of liver lesions c/w pancreatic ductal adenocarcinoma.​

• 9/20/2022 – presented at IUSCC pancreatic tumor board. Stage IV. Recommend clinical trial vs first line palliative systemic 
chemo.​

• 9/27/2022 – CT chest showed few tiny pulmonary nodules are nonspecific. No LAD. ​

• 10/4/2022 – started FOLFIRINOX​ chemotherapy

• 10/5/2022 – presented to ED with vomiting. CT unchanged.



Case #2 – Foundation CDx – Somatic Tissue 
Testing



Case #3

• Patient is a 33 y/o female with recurrent WHO grade 4 astrocytoma
• 2008 – presented w/seizures. Originally diagnosed w/grade 3 astrocytoma. Underwent 

resection in Bloomington then radiation and temozolomide for about a year.
• 2011 – recurrent disease s/p second resection in Bloomington. Completed some 

adjuvant temozolomide but ultimately lost to follow up w/out completing a full course
• 2012 – underwent surgery for exposed hardware
• Late October 2022 – presented with seizures. MRI w/concerns for HGG in L frontal lobe, 

but on vimpat and lamotrigine, discharged w/plans for coordinated surgery with 
neurosurgery and ENT given surgical history and need for wound flap

• 12/6/2022 – underwent resection #3. Pathology showed WHO grade 4 astrocytoma, 
IDH1 mutant, NTRK2 fusion present. Post op course complicated by aphasia and R 
hemiparesis. Prolonged hospital stay discharged to AR on 12/22/2022.

• Plans for re-irradiation with concurrent chemo to begin soon locally.



Case #3 Caris Somatic Tissue Testing



Case #4

• 35 yo woman with newly diagnosed NSCLC​

• 7/23 - Presented to ER with lower back pain/chest pain with deep inspiration; imaging 
concerning for RLL and perihilar mass/pathologic fracture T7; biopsy endobronchial lesion 
– poorly differentiated adenocarcinoma; MRI brain shows multiple brain mets

• 8/23 - Started carboplatin/pemetrexed/zoledronic acid – XRT to brain/consideration for 
kyphoplasty



Case #4 Tempus Somatic Tissue Testing



Case #5
• 47 yo man with history of germ cell tumor​

• 6/97 - B-HCG – 81,215/AFP 3,525; 10 x 16cm retroperitoneal mass/multiple bilateral pulmonary 
metastases – poor risk metastatic testicular cancer; BEP x 4 followed by RPLND – revealing 
teratoma; post-surgery – rapid increase in B-HCG – 2 x VeIP with subsequent rapid rise in B-HCG 
(platinum refractory); High-dose chemotherapy/autologous SCT x 2 – CR for 20 + years​

• 3/23 - New onset pain in L posterior rib – imaging revealed a mass in the area; CT 
chest/abd/pelvis otherwise normal; B-HCG/AFP - normal; biopsy – well-differentiated 
adenocarcinoma consistent with germ cell tumor with malignant transformation along 
endodermal elements/intestinal phenotype; i12p (-)​

• 6/23 - Later relapse of teratoma/de-differentiated into adenocarcinoma, well-differentiated; plan 
for surgical resection



Case #5 –Guardant360 Liquid Biopsy



Case #5 – Caris Somatic Tissue Testing



Case #6

• 2011-Patient was found to have GIST tumor

• She was initially worked up for iron deficiency anemia and was diagnosed with small-bowel GIST.​

• 2011: She underwent surgical resection and was found to have a 7.5 cm GIST tumor connected to the small-bowel with 
high mitotic rate (high risk), Grade 2, tumor was ruptured, felt to be stage pT3NxM0. It was c-KIT positive (no molecular 
testing)​

• After surgical resection, she was started on Imatinib and took it from 06/2010 – 02/2015. ​

• 09/06/2016: Routine imaging revealed disease recurrence with a 7 cm mesenteric mass in the right lower quadrant. She 
underwent surgical resection of an 8 cm mesenteric mass on 09/29/2016 and path consistent with GIST, grade 2, with high 
mitotic rate.​

• She was restarted on imatinib postoperatively and continued on 400 mg daily. ​

• 6/2023 Routine imaging revealed a new 1.4 cm omental nodule, suspicious for recurrence.​

• 7/10/23 She underwent omental lesion biopsy - consistent with GIST. Molecular testing revealed exon 11 mutation, but 
also an exon 17 mutation (Asn822Lys) that predicts resistance to imatinib​

• She was referred to see surgery and is planned to have omental lesion resected.​  Plan is to start sunitinib.



Case #6 Foundation CDx Somatic Tissue 
Testing



Case #7

• 60-year-old postmenopausal woman with metastatic estrogen receptor positive breast cancer. ​

• 2009 when she was originally diagnosed with a stage I ER positive invasive ductal carcinoma of the right breast. She was 
treated with lumpectomy with sentinel lymph node biopsy finding 0.7 cm of grade 1 disease and 0 of 2 lymph nodes 
involved. She also underwent a left- sided excisional biopsy for symmetry. She received adjuvant radiation and tamoxifen
for approximately 3 months ​

• 2015 when she presented with a right pleural effusion and pleural-based nodularity. A PET-CT at that time showed FDG 
avid bilateral hilar adenopathy and some diffuse uptake in the endometrium. Cytology from thoracentesis confirmed 
adenocarcinoma that was ER positive 91%, PR positive 76%, HER2 equivocal by IHC as well as by FISH with a copy number 
of 4.8 and a ratio of 1.0. Pleural-based biopsy- ER positive 93%, PR positive 93% and HER2 negative with a ratio of 1.1 and 
a copy number of 3.9. 

• started on letrozole and palbociclib when she was seen at Vanderbilt. She opted to stop her therapy 2017 to pursue 
alternative dietary therapies. ​

• PET-CT 2020 with new liver lesion as well as enlarging pleural- based nodularity and a new pleural-based paraesophageal
nodularity. Started back on palbociclib and letrozole in October 2020. ​

• 1/2021, POD in liver. she declined enrollment on the PACE trial and was started on fulvestrant monotherapy. ​

• 5/2022, POD and declined chemotherapy and was recommended exemestane with everolimus. Patient declined and 
pursued integrative medicine. ​

• growth in the liver and s/p cyberknife in Chicago.



Case #7 – Foundation CDx Somatic Tissue 
Testing
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