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Genomic Profiling to Guide Therapeutic Decisions in Breast Cancer
Scope of Talk 

Tumor Genomic Profiling (NGS)
Germline Genetic Testing (NGS) 

Guiding Therapeutic Decisions 
in Breast Cancer



Breast Cancer Specific Predictive Biomarkers

HR+/HER2- Biomarker-Drug 

HER2 low / ultralow 1st to ≥2nd line T-DXd

Tumor PI3K mutations 1st line inavolisib (early relapsed metastatic)

≥2nd line alpelisib or capivasertib

Tumor AKT1/PTEN alterations ≥2nd line capivasertib 

Tumor ESR1 mutations ≥2nd line oral SERD (elacestrant, imlunestrant) 

Germline BRCA1/2 mutations PARP inhibitor (olaparib, talazoparib) 

TNBC Biomarker-Drug 

PD-L1 (IHC) 1st line Pembrolizumab 

HER2 low (IHC) ≥2nd line T-DXd

Germline BRCA1/2 mutations PARP inhibitor (olaparib, talazoparib) 

HER2+ 

None!

Tier 1 Biomarkers: Tumor ER, PR, HER2 (IHC; routinely tested) 

HER2+ HER2-

TNBC HR+/HER2-
Tier 2 Biomarkers

HR+/HER2- MBC has 
the largest portfolio 
of Tier 2 biomarkers

IHC

Tumor 
genomic  
profiling 

Germline
genetic 
testing 

Testing 
Methodology



Tumor Agnostic Genetic Biomarkers Detectable on NGS

Tumor Agnostic 
Biomarker

Drug Date approved 
by US FDA

Frequency of biomarker 
in breast cancer

MSI high Pembrolizumab May 2017 0-1.5%

High TMB (≥10 Mut/Mb) Pembrolizumab June 2020 5%

NTRK fusion Larotrectinib Nov 2018 <1%

NTRK fusion Entrectinib Aug 2019 <1%

Vidula et al. NPJ Breast Cancer Nov 2022 
O’Meara et al. Oncotarget 2021; 12(5): 394-400
Manea et al. Ann Med Surg 2022; 79 

Relevant for any cancer type!

“Investigational” tumor genomic biomarkers for 
biomarker-directed early phase clinical trials 
TP53 mutations
SMARCA4 mutations
….



Biomarker Drug When 
approved

Test to detect 
biomarker

Frequency Stability 

Tumor PI3K 
mutations

Alpelisib
Inavolisib
Capivasertib

May 2019
Oct 2024
Nov 2023

Tumor 
mutational 
analysis 
Specific mutations or NGS 
Tissue or ctDNA 

(Tissue higher yield)

40-50% in HR+/HER2- Truncal mutations 
that occur early 
(informative to test primary 
tumor)

Fairly stable; do not 
change much with 
time 

Tumor AKT1/PTEN 
alterations 
(without PI3K mutations)

Capivasertib Nov 2023 10-15% in HR+/HER2-

Tumor ESR1 
mutations

Elacestrant
Imlunestrant

Jan 2022
Sep 2025

Tumor 
mutational 
analysis 
Specific mutations or NGS 
Tissue or ctDNA 

(ctDNA preferred)

<5-10% in treatment 
naïve HR+/HER2-
Up to 40-50% in ET 
treated patients

Emerges with 
exposure to 
endocrine therapy 

Germline 
BRCA mutations 

Olaparib
Talazoparib 

Jan 2018
Oct 2018 

Germline 
mutational 
analysis 

5-10% in HR+/HER2-
(10-20% in TNBC)

Does not change 
with time 
(same from birth to death) 

“Gold Standard” Genetic Biomarkers Approved by FDA
 to Guide Therapy in HR+/HER2- Metastatic Breast Cancer 



Practical Considerations in Genomic Profiling in Breast Cancer 
to Guide Therapeutic Decisions in the Clinic 

When to test?

What materials to send? 

What test to order?

How to interpret the test?



Visceral crisis

HR+/HER2- MBC PLANNING FIRST-LINE THERAPY

When to Test for Gold Standard Breast Cancer Specific Genomic Biomarkers
for HR+/HER2- Metastatic Breast Cancer?

De novo or endocrine sensitive relapsed MBC 

Tumor PI3K/AKT/PTEN/ESR1 mutation status should be available to guide ≥2nd line ET 

PI3K+

ET + alpelisib OR 
ET + capivasertib

AKT1/PTEN+ 

ET + capivasertib

ESR1+

Elacestrant OR
Imlunestrant

Sequential Endocrine Therapy in absence of Endocrine Resistance

Good to test but no rush
(does not impact choice of 1st line therapy) 

1st line ET 
+ CDK4/6i

Endocrine resistant relapsed MBC 
(fulfil INAVO-120 criteria) 

Test for PI3K mutations 
if inavolisib accessible/affordable

Chemotherapy

No rush to test 

1st line ET 
+ CDK4/6i  

+ inavolisib 

PI3K mutation

1st line ET 
+ CDK4/6i

No PI3K mutation 
or not tested

ESR1 mutation 
testing may need to 
be repeated if 
initially negative

PARP inhibitor 
(olaparib, talazoparib) 

Germline BRCA1/2 mutation

Non-Endocrine Therapy



When to test?

What materials to send? 

What test to order?

How to interpret the test?

Practical Considerations in Genomic Profiling in Breast Cancer 
to Guide Therapeutic Decisions in the Clinic 



What material was tested?
Germline (usually blood PBMC in EDTA tubes)

Tumor (tissue vs plasma ctDNA/cfDNA in Streck tubes)

When was the test done?
(in relation to therapeutics decision)

Contemporary or archival?

What to look out for in a Genomic Profiling (NGS) report

What genes were tested?
Did the test cover your genes of interest?

Are there actionable alterations?
(interpret in context of tumor type)

Pembrolizumab
(tumor agnostic)

HR+/HER2- MBC

Alpelisib, 
capivasertib, 
elacestrant,
Imlunestrant
(breast cancer 
subtype specific)



48-year-old female; Relapsed metastatic HR+/HER2- breast cancer
Age 40:
pT2(2.5cm)N1(1/12)M0 grade 2 invasive ductal carcinoma left breast
ER 90%, PR 80%, HER2 1+
s/p left mastectomy + axillary clearance
s/p adjuvant ddAC x 4 followed by weekly paclitaxel x 12
s/p adjuvant radiotherapy 
s/p adjuvant tamoxifen + medical ovarian suppression x 5 years 

Age 48:
2 years after completing adjuvant endocrine therapy, presented with 
multiple bony metastases and 3 lung lesions 
Biopsy of right lung lesion: 
Metastatic breast cancer, Grade 2 IDC; ER 70%, PR 70%, HER2 1+
No visceral crisis

CASE #1

Biomarker information will not impact 
1st line treatment decision for 
most patients with HR+/HER2- MBC
No visceral crisis: ET + CDK4/6i
Visceral crisis: Chemotherapy 
Even in BRCA mutation carriers 
Exception: PI3K mutation testing in endocrine 
resistant relapsed metastatic disease if inavolisib is 
available (INAVO120)

Will you test one or more of the predictive biomarkers (tumor PI3K/AKT1/PTEN/ESR1 

alterations, germline BRCA mutation) before initiating first-line palliative therapy?

1. Yes
2. No 



48-year-old female; Relapsed metastatic HR+/HER2- breast cancer
Age 40:
pT2(2.5cm)N1(1/12)M0 grade 2 invasive ductal carcinoma left breast
ER 90%, PR 80%, HER2 1+
s/p left mastectomy + axillary clearance
s/p adjuvant ddAC x 4 followed by weekly paclitaxel x 12
s/p adjuvant radiotherapy 
s/p adjuvant tamoxifen + medical ovarian suppression x 3.5 years 

Age 48:
Presented with multiple bony metastases and 3 lung lesions 
Biopsy of right lung lesion: 
Metastatic breast cancer
Grade 2 invasive ductal carcinoma; ER 70%, PR 70%, HER2 1+
No visceral crisis
Started on 1st line medical ovarian suppression + letrozole + ribociclib 
without testing biomarkers upfront 

In your practice, HOW OFTEN do you 
send tumor NGS testing for a patient like 
this to guide subsequent therapy?
1. Most of the time
2. Sometimes
3. Rarely

In your practice, WHEN do you send 
tumor NGS for a patient like this? 
1. As soon as diagnosis of metastatic 

cancer is made
2. Within 6-18 months of starting 1st line 

therapy 
3. After progression from 1st line 

treatment 

CASE #1

Ideal to have the 
biomarker information 
in time to guide ≥2nd 
line treatment decision 



48-year-old female 
Relapsed metastatic HR+/HER2 Low breast cancer to bones and lungs
1st line OFS + letrozole + Ribociclib 
About 1 year after starting 1st line OFS + letrozole + ribociclib, 
you feel that it is time to test for predictive biomarkers
Patient’s disease remains well controlled at this point
Germline BRCA1/2 testing: no pathogenic mutations 

You decide to test for tumor PI3K/AKT1/PTEN/ESR1 mutations.

What test will you order for a patient like this in your practice?
1. Panel test (restricted to PI3K/AKT1/PTEN/ESR1 mutations)
2. NGS

If you decide to use tumor NGS test, which material will you 
use for testing?
1. The mastectomy specimen 8 years ago 
2. The lung biopsy 1 year ago 
3. ctDNA from a fresh blood specimen

CASE #1

Advantages of panel test: 
Cheaper, requires less tissue, 
possibly faster turnaround 
Advantages of NGS:
Broader coverage; include 
other actionable alterations



Which materials to use for Tumor Genomic Profiling (NGS)?

Materials Advantages Disadvantages

Primary lumpectomy or 
mastectomy specimen 

Plenty of tissue; unlikely to yield 
insufficient materials for tumor NGS 

Older specimen 
May not reflect the tumor’s most 
current status 

Biopsy of the latest 
metastatic lesion 

More contemporary tissue sample Usually from a core or needle biopsy 
(small specimen)

Sometimes unable to cut sufficient 
sections for NGS

ctDNA from a 
fresh blood sample 

Most contemporary sample
Most reflective of tumor’s current 
status

May not be able to cover as many 
genes as tumor NGS 
Sensitivity generally lower 
Technically challenging for certain 
alterations, e.g., gene fusions



48-year-old female; Relapsed metastatic HR+/HER2 Low breast cancer to bones and lungs
1 year after starting 1st line ET + CDK4/6i, you initiated tumor NGS testing 
You requested to retrieve the lung biopsy specimen for tumor NGS 
2 days later, you received a call from the Pathology department, informing you that the biopsy 
was too small with insufficient materials to cut enough slides for tumor NGS 
You then decided to send a fresh blood sample for ctDNA NGS

Based on this result, the patient is not eligible to be 
treated with alpelisib, capivasertib or elacestrant.
Yes  No

It could be informative to repeat ctDNA NGS at a 
later date (e.g., when patient progresses).
Yes  No 

It could be informative to retrieve the archival 
mastectomy specimen for tumor NGS testing?
Yes  No 

CASE #1

How do you interpret this 
ctDNA NGS result?

ESR1 mutation evolves 
with time and 

treatment pressure
Repeating test at later 

date can be informative



CASE #1: Yield of Tumor PIK3CA Mutation
Primary Tumor vs Metastatic Tumor vs ctDNA

Andre et al. NEJM 2019; 380 (20): 1929-40

Case #1: Tumor NGS on primary 
mastectomy specimen 8 years ago

Opens up alpelisib 
or capivasertib as 
subsequent 
therapy options

PI3K mutation can be tested on tumor or ctDNA

If ctDNA negative, should test tumor

PI3K mutations are truncal mutations
Occur early; informative to test primary tumor 

ctDNA (n=561): 33% PI3K mutation 
(predictive of alpelisib benefit) 

SOLAR1 Trial (registration trial for alpelisib)

Primary tumor (n=436): 60% PI3K3 mutation

Metastatic tumor (n=125): 59% PI3K mutation



Gold Standard Predictive Biomarker Checklist
HER2 low? YES (T-DXd is an option)
Germline BRCA mutation? No (PARPi is not an option)

Tumor PI3K mutation? YES (Alpelisib and Capivasertib are options) 
Tumor AKT1/PTEN alterations? No
Tumor ESR1 mutation? No (Elacestrant/Imlunestrant is not an option now); 

ESR1 mutations may emerge later (repeating test may be informative)

48-year-old female; Relapsed metastatic HR+/HER2 Low breast cancer to bones and lungs
Biopsy of metastatic lung lesion: 
Grade 2 invasive ductal carcinoma; ER 70%, PR 70%, HER2 1+
1 year after starting 1st line ET + CDK4/6i, you initiated tumor NGS testing 
Metastatic lung biopsy: insufficient materials for NGS testing 
ctDNA NGS: no actionable alterations 
Mastectomy specimen NGS: PI3K mutation 
Germline BRCA1/2 testing: no pathogenic mutations

CASE #1



CASE #2
55-year-old female
De novo metastatic HR+/HER2- breast cancer to lungs and liver 
1st line AI + CDK4/6i: 9 months PFS
Metastatic liver lesion sent for tumor NGS 
2nd line fulvestrant + capivasertib: 5 months PFS 

Based on this result, will you treat this 
patient with a PARP inhibitor?
Yes  No

Based on this result, will you recommend 
the patient’s 28-year old daughter to 
undergo BRCA testing?
Yes  No 

Tumor NGS on metastatic liver biopsy

This is a tumor NGS test. 
There should be a confirmed 

germline BRCA1/2 pathogenic 
mutation for PARPi treatment and for 

cascade testing of family members. 



What is the likelihood that the tumor BRCA2 mutation 
is an incidental germline finding?
1. Low (<10%)
2. Moderate (40-50%)
3. High (>70%)

CASE #2: 
Can a Tumor Pathogenic BRCA mutation be an Incidental Germline Finding?

Tumor NGS on metastatic liver biopsy



Likelihood of a Tumor Pathogenic Mutation 
being Germline in nature varies with the Gene

Most tumor TP53 mutations are true acquired somatic mutations
But most tumor BRCA1/2 mutations are incidental germline findings (70% probability)

Meric-Bernstam et al. Ann Oncol 2016: 27(5): 795-800

21 germline
6 somatic

10 germline
337 somatic

N=1000 tumor/germline pairs with NGS; 19 cancer genes (MD Anderson)
Total ~800 pathogenic variants in the tumor (~5% germline)

If a pathogenic BRCA1/2 
mutation is identified on 

tumor NGS, 
confirmatory germline 

BRCA1/2 genetic testing 
is strongly recommended



The patient returns 4 weeks later and informed you that she sought a second opinion 
with another oncologist. A blood NGS test was done as you have advised.

This result confirms the BRCA2 mutation 
previously identified in the tissue to be an 
incidental germline finding.
Yes  No

Based on this result, the patient is eligible to 
be treated with a PARP inhibitor.
Yes  No 

CASE #2

How do you interpret this blood NGS result?

Another clue that 
this is a tumor test: 

Allele Frequency reported 

This is a test on plasma cfDNA 
collected in Streck tubes 

(still a tumor test!). 
This is not a germline test. 



CASE #3
61-year-old female
Metastatic HR+/HER2- breast cancer 
Failed 2 lines endocrine based therapy in 6 months
Now on oral capecitabine 
Tumor NGS: no actionable alterations
You ordered a blood NGS test

Based on this result, the patient is eligible to 
be treated with a PARP inhibitor.
Yes  No

Based on this result, the patient’s two adult 
children are recommended to undergo testing 
for the BRCA2 mutation.
Yes  No 

Blood NGS test
How do you interpret this blood NGS result?

Yes, this is a germline test!
(blood collected into EDTA tube)

Another clue that this is a germline test: 
“Heterozygous” for the mutation
(terminology for germline result) 



CASE #3
The patient returns 4 weeks later
She has been very distraught with the BRCA test results 
because of the implications on her family. 
Her husband advised her to seek another opinion and 
send the test to another lab “just to be sure”. 
A second blood NGS test was done and was negative!

How do you interpret this result and 
advise the patient?
1. Send the test to a third lab 
2. Test the patient’s tumor for the 

BRCA2 mutation
3. Test the patient’s parents for the 

BRCA2 mutation
4. Tell the patient that the second test 

is the wrong test
Methodology and Results of the 2nd blood NGS test

This is a test on ctDNA 
collected in Streck tubes

 (ctDNA-based NGS test for 
early cancer detection 

in cancer-free individuals) 

This is not a germline test. 



Confused??

Not all Blood NGS Tests 
are Germline Tests!

Blood NGS testing is traditionally associated with germline testing 
Advancements in ctDNA/cfDNA NGS technology have resulted in 
more “blood-based” tumor NGS tests in the clinic 
- ctDNA/cfDNA NGS test for cancer patients (actionable alterations) in Case #2
- ctDNA/cfDNA NGS test for non-cancer patients (early cancer detection) in Case #3

Clues for Tumor Test
ctDNA, cfDNA, plasma 
Collected into Streck tubes
Allele frequency reported

Clues for Germline Test
Peripheral blood mononuclear cells 
Collected into EDTA tubes 
Heterozygous for pathogenic mutation  

Important to distinguish blood-germline from blood-tumor NGS tests

Do not order the wrong test or interpret the test wrongly!



Molecular Profiling in Breast Cancer for Therapeutic Decisions
Conclusions 

A small panel of predictive biomarkers based on molecular alterations detectable on NGS are 
now available to guide treatment choice in breast cancer. 

Understanding the characteristics of predictive biomarkers and limitations of testing is 
important for proper interpretation of test results 

- repeating the test may be informative as some mutations evolve with time (e.g., ESR1 mutation)

- testing a different specimen type may be helpful as mutation detection rate may differ between different 

sample types (e.g., tissue vs ctDNA for PI3K mutations)

BRCA1/2 pathogenic mutation occur in 2-3% of tumor NGS results
- highly likely to be incidental germline findings; confirmatory germline testing strongly recommended

There is now an increasing portfolio of blood-based tumor NGS tests (ctDNA, cfDNA) in the clinic
- Should not be confused with a blood-based germline test!



Thank you for your attention!
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