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Precision medicine- what is in it for the surgeon?

• Biomarkers to test to catch cancer earlier so surgery could be performed

• Biomarkers to test in a cancer patient to define if surgery is meaningful

• Biomarkers to test in a cancer patient to see what treatment they should 
receive pre-op to increase chance of cure

• Biomarkers to test post-op to define who might not need further therapy

• Biomarkers to test post-op to define what further therapy a patient 
might need and at what intensity



Breast cancer

• Most commonly diagnosed cancer in women, 210,000 cases, 40,000 deaths 
per year in US

• Role of surgery, radiation and chemotherapy unlikely to radically improve

• 15-30% of breast cancer produce a cell surface molecule HER2 (ERBB2) in 
excess typically secondary to an increase in the number of HER2 gene 
copies

• The HER2 protein itself plays a critical role in the malignant behavior of these 
cells

• Such cancers have a worse prognosis and more aggressive behavior than 
other breast cancers



ErbB2 targeting

• Trastuzumab- molecularly tailored 
antibody that binds to and thereby 
blocks the function of HER2

• In early studies it was shown to be 
overall quite safe with limited activity 
alone in HER2+ breast cancers

• More significantly it was shown to 
enhance the activity of chemotherapy 
when given alongside and thereby led 
to modest improvements in survival of 
patients with metastatic breast cancer



Herceptin treatment has modest activity in 

advanced breast cancer



Herceptin treatment dramatically improves outcomes of 

patients with ErbB2-positive breast cancer

• Staggering 

improvements in 

outcomes (50% 

reduction in risk of 

recurrence) in early 

stage disease  leading 

to many thousands of 

lives saved per year!!!!



Neosphere study- pathology can guide drug 
development



Targeted therapy

• Definition

– Drug targets a well-defined molecular pathway

– Preferably this pathway should be specific to tumor versus 
normal tissue

– The activity of the pathway should be critical for the tumor

– There should be a pharmacological way of inhibiting the target-
“druggability”

– If chosen well, targeted treatments should have low toxicity



Have we been using targeted treatments all 

along?

• About half of all breast cancers produce hormone 
receptors for estrogen and/or progesterone hormones

• These tumors are dependent on the activity of these 
receptors

• Hormone therapy with tamoxifen and other hormones has 
been the cornerstone of the treatment of such cancers 
with great success, especially in early-stage cancers- with 
minimal side effects



Chronic myeloid leukemia- case example





Targeted therapy
• Definition

– Drug targets a well-defined molecular pathway
• Close to 100% has BCR-ABL

– Preferably this pathway should be specific to tumor 
versus normal tissue

• Normal cells do not have this fusion product

– The activity of the pathway should be critical for the 
tumor

• Cells depend on its activity

– There should be a pharmacological way of inhibiting the 
target- “druggability”

• Kinase function can be blocked

– If chosen well, targeted treatments should have low 
toxicity

• Indeed, imatinib is fairly non-toxic



NEJM 2019





GIST sarcomas

• Majority (90%) of GISTs carry 
oncogenic kit mutations (exons 
9 and 11), imatinib highly 
effective 

• 5% carry PDGFR mutations, 
mostly sensitive to imatinib

• 5% non-mutant- resistant to 
imatinib

• Interestingly, systemic 
mastocytosis patients have a 
D816V kit mutation that is 
resistant to imatinib





Benefit of targeted treatment extends into 

adjuvant setting



Actionable mutations in non-small cell 
lung cancer

RESPONSE SURVIVAL

IPASS, Mok et al NEJM



ALK-rearrangement in advanced NSCLC: 
Dramatic benefit from ALK inhibition

Gainor JF, et al. Cancer Discov. 2016;6(10):1118-33.

Tumor responses to crizotinib for patients with 
ALK-positive NSCLC

Acquired resistance to ALK inhibitors: A “matching” game

Identification of the transforming EML4-ALK
fusion gene in NSCLC
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The era of multiplex testing is here
EGFR-sensitising, 

17, 17%

ALK, 7, 7%

EGFR other, 4, 4%

MET, 3, 3%

>1 mutation, 3, 3%

HER2, 2, 2%
ROS1, 2, 2%

BRAF, 2, 2%

RET, 2, 2%

NTRK1, 1, 1%
PIK3CA, 1, 1%MEK1, 1, 1%

Unknown 
oncogenic driver 

detected
31%

KRAS, 25, 
25%

Molecular genotyping for advanced NSCLC

EGFR ALK ROS MET B-RAF NTRK ErbB2 RET

Level of Evidence

1st Line 
Treatment 
Options

2nd Line
Treatment 
Options

1 1 1 2A 1 3A 2B 2B

Erlotinib
Gefitinib
Afatinib

Dacomitinib
Osimertinib

Osimertinib

Crizotinib
Alectinib
Ceritinib

Brigatinib

Crizotinib
Ceritinib

Entrectinib

Crizotinib
Cabozantinib
Capmatinib
Glesatinib
Tepotinib

Dabrafenib +/-
trametinib

Vemurafenib

Larotrectinib
Entrectinib

T-DM1
Herceptin
Afatinib

Poziotinib
TAE788

Cabozantinib
Vandetanib
LOXO-292

BlU 667

Brigatinib
Lorlatinib

• Green: FDA approved drug for indication
• Yellow: FDA approved drug for other indications
• Red: Experimental agent

Lorlatinib



Acquired resistance

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

Kobayashi…Halmos, 
NEJM 2005 



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

AURA-2: Osimertinib

FLAURA



ctDNA- basics

Oxnard JAMA 
Onc 2016



24
Corcoran/Chabner 

NEJM 2018



ctDNA usually in low allele frequency

Lanman PLOS One 2015



Types of assays

Oxnard JAMA 
Onc 2016





• 64 year old nurse with limited smoking history

• Admitted with massive stroke- found to have hypercoag state of 
malignancy

• Evaluation showed lung mass and diffuse nodal and bony mets

• EBUS showed adenocarcinoma, no tissue left for further testing

• Patient frail, hemiplegic and extremely discouraged, rebiopsy very difficult 
due to anticoagulation

Needle in the haystack



August 2017

October 2017



Oxnard, CCR



Blood first?



ctDNA- expanding uses





DnaVinci robot



FLAURA- early ctDNA clearance

Zhou C. et al, ASCO 2019 



ctDNA for risk stratification

Chaudhuri ASCO 2017
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ctDNA- emerging uses





Assay type: Pre-built 

assay, 

tumor 

agnostic

Pre-built assay, 

informed by tumor 

Personalized “bespoke” 

assay

Strengths: - Does not 

require 

tumor 

analysis

- Potential 

to be 

applied to 

cancer 

screening

- Improved sensitivity - Maximal “on target” 

sequencing

- Maximal sensitivity

Weaknesses: - Likely 

less 

sensitive 

(~0.2-0.5% 

AF)

- Tumor information 

required 

- Tumor required

- Slowest turnaround time 

(waiting for assay to be built)

-

Examples: - Existing 

assays for 

advanced 

disease

- Cancer 

screening 

assays 

(GRAIL)

- CAPP-seq - Natera (TRACERx)

Sholl, PeerView



Personalized- bespoke assay



ctDNA in the post-surgical setting- colorectal cancer



Immunotherapy – the basics

Checkmate-017: Major survival 
benefit in squamous NSCLC



Presented by Tetsuya Mitsudomi, Kindai University



Presented by Tetsuya Mitsudomi, Kindai University



Inflamed versus non-inflamed tumors

Teng MW et al. Cancer Res. 2015;75:2139-2145.



• 74 year old African American lady with heavy 

smoking history presents in 9/2016 with a 

supraclavicular mass, evaluation reveals 

advanced K-ras mutated lung 

adenocarcinoma



Unfortunately brain MR revealed multiple small 

CNS mets suggestive of leptomeningeal 

disease





PD-L1 as a biomarker

Garon et al NEJM

Reck et al WCLC 19 Lopes et al ASCO 2019



TMB as a biomarker for IO

Alexandrov, LB et al. Nature 

2013;500: 415-21



TMB can outperform PD-L1 IHC?

NSCLC: CheckMate 026 (nivolumab)

Peters S, eta al. AACR 2017. Abstract CT082.



Havel et al Nature 
Rev Cancer





No. at risk                  
Pembrolizumab 154 136 121 112 106 96 89 85 78 73 73 69 66 64 50 24 5 
Chemotherapy 151 124 108 88 80 69 61 56 48 46 44 37 35 33 24 14 6 
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aEffective crossover rate from chemotherapy to anti–PD-L1 therapy, 64.9% (98 patients in total crossed over to anti−PD-[L]1 therapy: 83 patients crossed over to pembrolizumab during the study, and 
21 patients received subsequent anti–PD-L1 therapy outside of crossover; patients may have received >1 subsequent anti–PD-L1 therapy). bNominal P value.
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Efficacy of immunotherapy in MSI-deficient colorectal 
cancers



Diaz LA, et al. ASCO 2016. Abstract 3003.

PD-1 Blockade in MSI-H Cancer- a new era of tissue agnostic approaches

Colorectal Cancers

Anti-PD1 (pembrolizumab) – 10 mg/kg every 2 weeks

Cohort A

Deficient in

Mismatch Repair (MSI-H)

(n = 28)

Cohort B

Proficient in

Mismatch Repair

(n = 25)

Non-Colorectal Cancers
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Hopkins/MSKCC study- provocative 
preliminary/translational results

14 of 19

NEJMoa1716078_Forde(Pardoll)  Content2(author) Fri Apr 06 2018 10:25:55

Figure 2. Pathological Assessment of Response to Neoadjuvant Blockade of Programmed Death 1 (PD-1).

Panel A shows pathological regression in the resected primary lung tumor after neoadjuvant administration of nivolumab, according to the 

percentage of remaining viable tumor cells, for each of the 20 patients who underwent surgical resection. The gray horizontal line indicates 

the threshold for a major pathological response (90% regression). Clinical and pathological features{q37} that include the presence or 

absence of lymph-node (LN) metastases in the surgical specimen and preoperative radiologic response (according to Response Evaluation 

Criteria in Solid Tumors [RECIST]) are annotated for each patient. AC denotes adenocarcinoma, SCC squamous-cell carcinoma, PR {q38}

pathological response, SD stable disease, and PD-L1 programmed death ligand 1. Also shown are biopsy specimens obtained before (Panel 

B) and after (Panel C) neoadjuvant administration of nivolumab in a patient who had a {q39}XXX response (multiplex immunofluorescence 

staining). With this staining technique, visible structures include cytokeratin-positive tumor cells (orange), CD68+ macrophages (magenta), 

FoxP3+ regulatory T cells (yellow), CD8+ T cells (green), PD-1+ cells (red), and PD-L1+ cells (white). In the pretreatment specimen, only a 

few intratumoral macrophages are seen expressing PD-L1. However, there are multiple foci where PD-L1 and PD-1 are expressed in close 

proximity to each other (inset with white circle) in the pretreatment specimen. Focal, geographic tumor-cell PD-L1 expression was observed 

in an adaptive pattern (not shown in this image). After two doses of nivolumab, the tumor is infiltrated by liquid containing CD8+ and PD-

1+ immune cells. Some of the infiltrating immune cells express PD-L1, which is consistent with an adaptive immune resistance 

mechanism.19,20

A Percentage of Pathological Regression, According to Subgroup B Biopsy Sample before Nivolumab

C Biopsy Sample after Nivolumab
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NADIM study



Precision medicine- an enlarging basket

• Non-squamous non-small cell lung cancer

– EGFR, ALK

– ROS, RET, B-raf, K-ras, MET, Erbb2

• Metastatic melanoma

– B-raf

– KIT, N-ras

• Colorectal cancer

– K-ras exon 2

– Extended K-ras, N-Ras, B-raf, PIK3CA, ErbB2

– MSI testing

• Breast cancer

– ER, PR, ErbB2

– BRCA testing

– PIK3CA

• CNS tumors

– MGMT promoter methylation

– IDH1, IDH2, 1p/19q loss, ATRX

• What panel? Single gene? Multiplex 
platform? NGS?



Tumor types showing success with genomic testing

Melanoma: Braf V600E

CRC: K-Ras as a negative 
selection marker for 

EGFR inhibition



Genomic Mechanisms (and Targeted Drugs) in Cancer

2010 2017200019901980
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Jurgensmeier et al, CCR 2014



NTRK as a tissue agnostic treatment biomarker



RET targeting- thyroid/lung



FGFR targeting- cholangiocarcinomas



Finding the Achilles heel- PARP inhibition in 
advanced ovarian/prostate cancer

Swisher E et al. Lancet 
Oncol. 2017;18(1):75-

87.

Prostate cancer



Personalizing immunotherapy- the next frontier



Precision cancer medicine
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SABS update



TNBCKeynote -522
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