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Agenda

• Principles of Testing – major categories
• The basics of diagnosis: Biopsy, histology, receptors
• Germline testing
• Next-generation sequencing, tissue and blood
• Circulating tumor DNA for treatment choice
• Monitoring treatment response 
• Biomarker-based Imaging 

• FES PET/CT vs FDG PET/CT
• Real world cases



Principles in Testing

• Broad Categories for Testing
• Diagnose the cancer

• Histology, Receptors – is this breast cancer, and what type? 
• Germline testing

• Genetic changes that are inherited from mom/dad
• Characterize the cancer - Tumor-specific Testing 

• Source
• Tissue-based
• Blood-based

• For informing treatment choice: circulating tumor DNA (ctDNA) panel testing 
• For monitoring treatment response: “MRD” ctDNA panels, tumor markers

• Image-based testing
• CT’s vs FDG PET/CT vs FES PET/CT



Major landmarks in testing 

Diagnosis

Tissue Biopsy
Liquid Biopsy

Consider Repeat 
Liquid Biopsy

Tumor markers
Imaging

Markers rising
Imaging: progression

Tumor markers
Imaging

Start 
Treatment

Start next 
treatment

…



Diagnose the Cancer 
• Upon a new presumed metastatic breast cancer, step #1 is to 

obtain a tissue biopsy
• Confirms that this is indeed breast cancer via 

immunohistochemistry (IHC)
• Applies breast-cancer specific ‘stains’ to biopsy tissue 

• For recurrent disease, can be helpful to understand if it looks the 
same as prior breast cancer (e.g. early stage lobular, if this is 
ductal, could there be a new primary?)

• Confirm receptors - ER, PR, and HER2 – the most important 
biomarkers to guide initial and subsequent treatment 



Diagnose the Cancer – Tissue Biopsy & Receptors 

Gándara-Cortés et al. (2018). Breast cancer subtype discrimination using standardized 4-IHC and digital image analysis. Virchows Archiv. 472. 10.1007/s00428-017-2194-z. 

Staining the tissue 
from biopsy with 
different markers 
confirms breast 
cancer and its 
subtype (e.g. ER+ 
HER2-). 



Diagnose the Cancer – Case from Clinic
• 75 year old woman presented with a growing mass in the left 

breast 
• Workup with mammogram, ultrasound, MRI and biopsy confirmed 

triple negative breast cancer
• PET Scan demonstrated an FDG-avid lesion in the liver
• Biopsy of the liver lesion – meant to confirm the metastatic breast 

cancer – showed a cancer of presumed *GI* origin
• A colonoscopy was done and confirmed a primary colon cancer
• We thus never assume a metastatic breast cancer – we must 

biopsy and confirm!



Diagnose the Cancer – Case from Clinic

• 32 year old woman felt a lump in her right breast and sought 
evaluation

• Mammogram and ultrasound showed two distinct masses about 
2cm apart from each other as well as a lymph node in the right 
axilla 

• PET scan showed multiple bone lesions 
• Biopsy of both breast masses showed a triple negative breast 

cancer in #1 and a HER2+ breast cancer in #2 – a rare situation but 
critical to our formulation of treatment plan!



Germline Testing
• Look for inherited genes that increase risk for breast cancer 

• E.g. BRCA1, BRCA2, PALB2
• Contemporary panels have >30 genes
• These do not change in your lifetime, but the testing can change (if new 

genes are discovered that need to be tested)

• Every patient with new metastatic breast cancer diagnosis 
should get germline testing if not done previously

• Has treatment implications, e.g. BRCA1/2 mutation = Olaparib 
pill, a chemo-free approach 



Germline Testing

Invitae Panel
Ambry Genetics Panel



Germline Testing

• Variant of Uncertain 
Significance (VUS) is 
common 

• Means a mutation was 
found for which there are 
not enough evidence to 
suggest it is a cancer 
causing mutation 

• Most commonly get’s 
reclassified as benign, or 
remains VUS

• We do NOT act on these!



Characterize the tumor 
• Next-generation sequencing (NGS)

• Looks for mutations in the DNA of the cancer (somatic)
• Driver mutation: at least partly responsible for driving the growth of the 

cancer
• E.g. PIK3CA, AKT1, PTEN

• Resistance mutation: evolves out of selection pressure and predicts 
resistance to certain types of treatments 
• E.g. ESR1 predicts resistance to aromatase inhibitors 

• Bystander mutations
• Often multiple mutations picked up that have no actionable role in breast cancer 

and may be unrelated – these are ‘bystanders’ and not relevant to treatment 



Next Generation Testing - Sources
• Tissue-based

• Involves collection of cancer cells via needle biopsy vs collection of 
pleural fluid or malignant fluid 

• The only way to get receptors (cannot get through blood test)
• Invasive procedure hence risk for bleeding, infection, etc. (albeit low risk)
• Always necessary at diagnosis but usually not necessary at subsequent 

progression events

• Liquid Biopsy 
• Blood test that collects circulating tumor DNA and then sequences for 

mutations 



Next Generation Testing - Tissue Biopsy

Sample Caris Report 



Next Generation Testing – Liquid Biopsy

Mezzanotte-Sharpe et al. 2026;336;(11):960-968. doi:10.1001/jama.2026.13898

Collection of blood sample
Extraction of tumor DNA 
from remainder of blood

Sequencing of the DNA to 
look for changes in the DNA 

that are actionable



Liquid Biopsy – Tumor Agnostic vs Tissue Informed

Panet et al. npj Breast Cancer volume 10, Article number: 50 (2024)

https://www.nature.com/npjbcancer


Next Generation Testing – Liquid Biopsy

Potentially 
actionable!

Sample 
Guardant360 
Report



Next Generation Testing – More than just 
mutations!
• Pharmacogenomics

• Tests key enzymes involved in processing certain drugs 
• Slow metabolizers may need dose adjustment of certain chemotherapies
• E.g. DPYD for Capecitabine, UGT1A1*28 for Sacituzumab 

• Tumor Mutational Burden – predictor of response to 
immunotherapy 

• Tumor fraction % - quantifies tumor DNA that can be trended 
across time / samples

• Can now offer prediction for type of cancer based on DNA profile 
and extensive database on prior cancers tested



Next Generation Testing – Liquid Biopsy

Predicts immunotherapy response

Predicts possible increased toxicity from drugs like Sacituzumab Govitecan

Can trend tumor fraction across samples 



Next Generation Testing – Case from Clinic
• 70 year old woman with metastatic ER+ HER2- breast cancer
• Had received letrozole and Ribociclib for 3 years, and then had 

progression in the bones
• A liquid biopsy was performed



Next Generation Testing – Case from Clinic, Cont’d

• She was thus initiated on Elecestrant, an oral targeted therapy, 
due to the ESR1 mutation 

Progression in Bones
First follow up scan after starting Elecestrant



Liquid vs Tissue – what’s better? 

Bayle et al. Annals of Oncology. DOI: 10.1016/j.annonc.2022.08.089

• Helpful to get both at 
diagnosis with tissue biopsy 

• Liquid and Tissue biopsy 
each able to pick up 
exclusive mutations 

• Subsequent time points, 
liquid is more practical and 
non-invasive

https://doi.org/10.1016/j.annonc.2022.08.089


Tumor Markers
• Proteins that may be produced by breast cancers and measured

• Cancer Antigen 15-3
• Cancer Antigen 27.29

• Helpful if elevated at baseline – may be collected at regular 
intervals and tends to track with response or progression of the 
breast cancer on current treatment 
• Can trigger moving up a scan sooner if markers are rising fast

• Some cancers do not produce enough levels to measure and 
therefore not useful to check

• We do NOT generally change treatment based on tumor marker 
rise alone; it aids but does not supersede imaging



Interval summary 

• At diagnosis
• Biopsy a tumor site to confirm breast cancer and receptors 
• Send NGS on tumor tissue and liquid biopsy 
• Get germline testing (if not done before, or done remotely e.g. before 

2015 when panels were more limited) 
• Check baseline CA 15-3 and CA 27.29 tumor markers for future 

tracking



Imaging as a biomarker
• Standard imaging

• CT Chest Abdomen Pelvis + Bone Scan (Anatomic) 
• FDG PET/CT – uses modified glucose radiotracer, which 

accumulates more in cancer cells than healthy cells 
(Functional) 

• FES PET/CT – Fluoroestradiol PET 
• Radio-labeled estradiol binds to estrogen receptor – specific 

for ER+ breast cancer
• Useful for diagnostic trouble shooting
• Can be useful in predicting likelihood for response to anti-

estrogen-based treatment
• Cannot be done if patient taking fulvestrant or tamoxifen 



Imaging as a biomarker – Comparison of Imaging
• 70 year old woman diagnosed with an ER+ HER2+ LEFT breast cancer 

involving the left axillary lymph nodes
• A staging CT scan showed a solitary lung nodule, but location of the 

nodule made biopsy difficult
• Given that the cancer expressed ER, an FES PET/CT was done to 

further work this up
• Nodule was FES positive
• Confirmed metastatic diagnosis



Putting it all together – Real World Cases



Case #1 - Utilizing Liquid Biopsy for Treatment 
Decisions

October 16, 2026 29

7 4  Y E A R  O L D  W O M A N  W I T H  T H E  F O L LO W I N G  T R E AT M E N T  H I S TO RY  F O R  E R +  H E R 2 -  M B C

09/2009-07/2011: letrozole + zoledronic acid (22 months)

01/2010-07/2013: capecitabine (43 months)

07/2013-10/2013 Fulvestrant (3 months)

10/2013- 12/2016: Exemestane + Everolimus (38 months)

12/2016-05/2017: Letrozole + Palbociclib (6 months)

05/2017-11/2020: Abraxane (42 months)

11/2020-02/2021: Gemcitabine (3 months)

02/2021-07/2021: Eribulin (5 months)

07/2021-02/2023: Tamoxifen (18 months)

02/2023-04/2023: Fulvestrant (2 months)

04/2023-07/2023: Elecestrant (3 months)

08/2023-10/2023: Sacituzumab (3 months)

10/2023-01/2024: Adriamycin weekly (3 months)

01/2024-10/2024: Abemaciclib (10 months)



Case #1 - Utilizing Liquid Biopsy for Treatment 
Decisions

October 16, 2026

30

PET/CT in 10/2024 with progression in Liver

CA 15-3 1,275 Guardant360 10/2019



Case #1 - Utilizing Liquid Biopsy for Treatment 
Decisions

October 16, 2026

31

PET/CT in 10/2024 with progression in Liver

CA 15-3 1,275

Updated Guardant360 10/2024



Case #1 - Utilizing Liquid Biopsy for Treatment 
Decisions

October 16, 202632

PET/CT in 10/2024 with progression in Liver

CA 15-3 1,275

Capivasertib
Fulvestrant
(CAPItello-291)

PET/CT in 01/2025 CA 15-3 122



Case #2 – Liquid Biopsy Can Pickup Germline 

• 67-year-old woman with ER+ HER2- metastatic breast cancer who 
transferred her care to Penn after moving from Jamaica 

• Was on first line Palbociclib + Letrozole for 2 years and then 
developed progression in the lungs with pleural effusion 

• A liquid biopsy was performed 



Case #2 – Liquid Biopsy Can Pickup Germline 

• Notice the ”% cfDNA” is 49.5%, which is ~50%, consistent with a presumed germline 
mutatinon

• Confirmatory germline testing showed: 



Case #2 – Liquid Biopsy Can Pickup Germline 
Picking up a germline mutation in BRCA2 then opened up the option 
of an oral targeted treatment called Olaparib which is specifically 
designed to target cancers with a BRCA1 or BRCA2 germline 
mutation



Case #3 – Incorporating both liquid biopsy and 
FES imaging for treatment decision

• 67 year old woman with ER+ HER2-low metastatic breast cancer
• Has received several lines of therapy including: 

• Letrozole + Palbociclib
• Fulvestrant 
• Everolimus + Fulvestrant
• Capecitabine
• Enhertu
• Abraxane
• Gemcitabine + Carboplatin



Case #3 – Incorporating both liquid biopsy and 
FES imaging for treatment decision

• Unfortunately the cancer had not responded to last 4 lines of 
chemotherapy (Xeloda, Enhertu, Abraxane, 
Gemcitabine/Carboplatin)

• A repeat liquid biopsy was performed

TWO targetable mutations 



Case #3 – Incorporating both liquid biopsy and 
FES imaging for treatment decision

• Given that this patient had already received several lines of anti-
estrogen based treatments, we wanted to gain more supporting 
evidence that this cancer could still respond to further anti-
estrogen approaches 

• There is building evidence that if FES PET/CT is negative, the 
likelihood of response to further anti-estrogen approach is 
≤11%

• We thus performed FES PET/CT 



Case #3 – Incorporating both liquid biopsy and 
FES imaging for treatment decision

FDG PET/CT FES PET/CT

FES PET/CT shows that 
the bone are “FES 
AVID” i.e. express the 
estrogen receptor



Case #3 – Incorporating both liquid biopsy and 
FES imaging for treatment decision

Liver Response

Baseline 3 month follow up Baseline 3 month follow up

Bone Response

Treatment was thus initiated with Imlunestrant (an oral SERD approved for ESR1 mutation) + Abemaciclib



Summary 

• Molecular Testing is now essential in the treatment of metastatic 
breast cancer

• Always confirm initial diagnosis with a tissue biopsy if possible, 
with receptors and next-generation sequencing to guide initial and 
subsequent therapy 

• Molecular testing can be repeated at major decision-branches 
for treatment selection, with liquid biopsy preferred as a non-
invasive approach 

• Pace of research and improvements in technologies advancing 
rapidly => increasingly tailored and specific plan for patients!



Questions? 



Appendix



Evolving paradigms… 
• SERENA 6 - Serial testing of ESR1 for preemptive switch 
• Using ctDNA to measure response to therapy 



Serial ctDNA monitoring – SERENA 6

Bidard et al. npj Breast Cancer volume 12, Article number: 80 (2026)

https://www.nature.com/npjbcancer


Serial ctDNA monitoring – SERENA 6
• Clinical trial met its endpoint of prolonging time on ‘first-line’ treatment 

before progression on scans
• Demonstrated improved quality of life in those who switched to 

camizestrant upon testing positive for ESR1 
• Represents a more targeted approach to tailoring treatment 
• Still not clear if sequencing oral SERD in later line is just as good or even 

better
• Later line oral SERD with CDK4/6i combinations were not approved at 

time of trial – these are now approved and can be highly effective
• Cost of serial testing could be a barrier 
• ‘Scanxiety” 
• Reasonable to discuss with oncologist but guidelines are NOT clear on 

this as the right approach for everybody



Monitoring ctDNA for Treatment Response

• Tests such as Signaterra use tissue biopsy to generate a panel 
of mutations specific to the patient’s cancer rather than 
generic ‘off the shelf’ panel of mutations

• More sensitive for detecting ‘level’ of tumor-specific DNA 
• The ‘clearance’ or lack thereof is prognostic – i.e. clearance of 

ctDNA with new treatment predicts a longer period of 
treatment response



Monitoring ctDNA for Treatment Response
• The trend of 

quantitative 
circulating tumor DNA 
may provide insight 
into treatment 
response, 
complementary to 
standard periodic 
imaging 

• Is it actionable? Do 
not yet have evidence 
to support early 
switch

• May be helpful where 
cancer is difficult to 
image e.g. Lobular 
breast cancer

Chan et al. J Cancer Res Clin Oncol. May 1, 2021.
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