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Primer on Circulating Tumor DNA



What is Circulating Tumor DNA?

• Cell free DNA (cfDNA) is fragmented DNA in cell-free component of whole blood

• Typically 160-200 base pairs

• Released through cell death

• Can also be identified in urine, CSF, pleural fluid, saliva

• Normal: 1-10ng/ml, primarily hematopoietic origin, cleared by liver with 2.5 hour half life

• Cancers: 5-10x amount of cfDNA

– Tumor derived fraction is ctDNA (0.1-50%)

• Same genomic alterations as parent tumor

• 143-145bp

• Markers of ctDNA: 

– Fragment size

– Epigenetic markers (DNA methylation)

– Genomic mutations (EGFR, ALK, ROS1)
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What is a Liquid Biopsy?

• cfDNA

• Extracellular vesicles

• Circulating tumor cells

• miRNAs
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How is ctDNA Assessed?

• Extracted from plasma portion of serum sample

– Processing ideally within 1-2 hours to prevent leukocyte death

– May be confounded by CHIP (Clonal hematopoietic mutations of indeterminate 

potential) to create false positives

• Can be accounted for by WBC sequencing and mutation subtraction

• Allele-specific

– Detect known mutation in single gene or small number of genes

– Droplet digital PCR (detects mutated allele fraction up to 0.01%) for point mutation 

or small insertion/deletion

• One assay per analysis

• Hot spot mutations, previously identified mutations, known resistance hot spots

• High sensitivity, low genomic coverage
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How is ctDNA Assessed?

• Next Generation Sequencing (NGS, e.g. Guardant360, Signatera)

– Amplicon based sequencing 

• Up to 100 genes with high sensitivity

• Disease focused, hot spot, actionable mutation panels, comprehensive panels

– Hybrid capture sequencing

• Larger genomic regions (100s of genes to whole exomes)

• Can detect indels, translocations, chromosomal rearrangements

• Broader genomic coverage – better molecular profiling, can track multiple 

clones simultaneously and emergence of new mutations

• Disease progression, clonal evolution

– Whole Exome Sequencing

• Lower sensitivity due to shallow sequencing depths

• Broad coverage

• Detects copy number variations, gene fusions
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Tumor-Informed vs Tumor Agnostic Approach

6 Kasi, ASCO Daily News, 2020



Uses for ctDNA

• Molecular diagnosis without solid-tumor sampling (e.g. EGFR mutations)

• Prognosis following curative intent treatment of early-stage disease (detection 

of MRD: minimal/microscopic/molecular residual disease)

• Determine need for adjuvant therapy following curative-intent resections 

(cutting edge, colorectal cancer)

• Early detection of recurrence several months prior to detection by imaging

– Sensitivity 100,000 cells vs 10,000,000 cells for CT
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Detour to Colon Cancer: Leading the Way



Post-operative ctDNA+ is Prognostic in Colorectal Cancer: 

CIRCULATE-Japan

Dr. Masahito Kotaka, ASCO GI 1/2022 

• ctDNA assessed 4 weeks after curative intent resection in patients with Stage II-III 
colon cancer

• DFS assessed
• Almost 30% recurred within 6 months if ctDNA+ at 4 weeks
• ctDNA+ was strongest predictor of recurrence in multivariable analysis



ctDNA Clearance Portends Improved Survival in Colon 

Cancer

• ctDNA assessed at 4 weeks and 12 weeks post-operatively

Dr. Masahito Kotaka, ASCO GI 1/2022



• Phase 2 RCT Stage II (T3 or T4, N0, M0) colon cancer

– Surgical resection curative in 80%

– No overall survival benefit with adjuvant therapy in trials

– Adjuvant offered if “high risk” clinicopathologic features

– DYNAMIC study: ctDNA-guided approach to adjuvant chemotherapy

– Plasma analysis of ctDNA at week 4 and week 7 after surgery

• ctDNA arm:

– Patients with positive ctDNA received single-agent fluoropyrimidine or oxaliplatin-

based chemotherapy

– Patients with negative ctDNA underwent surveillance

• Standard Management Arm:

– Treatment decisions based on clinicopathologic criteria

– Primary endpoint: Recurrence free survival
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ctDNA to Determine Need for Adjuvant Therapy After 

Curative-Intent Surgery for CRC 



• 28% in standard group received adjuvant chemotherapy vs 15% in ctDNA arm

– ctDNA arm: 246 ctDNA negative, 45 ctDNA positive
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ctDNA Guides Adjuvant Therapy in Colon Cancer

– ctDNA decreased number of patients who received adjuvant therapy without 

increasing rate of recurrence or decreasing survival

– Very low risk of recurrence in ctDNA negative patients with no adjuvant therapy



ctDNA in Lung Cancer

• Detection of targetable mutations (Guardant360, etc.) 

• Monitor treatment efficacy and modify regimen in advanced disease

• Predict recurrence
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H eterogeneity and Coexistence 
of T 790M  and T 790 W ild-Type 
Resistant Subclones Drive M ixed 
Response to T hird-Generation 
Epidermal Growth Factor Receptor 
Inhibitors in Lung Cancer

IN T RODUCT ION

Epidermal growth factor receptor (EGFR) 

tyrosine kinase inhibitors (T KIs) are e ective 

therapies against advanced EGFR-mutant lung 

cancer, but outcomes are l imited by acquired 

resistance.1 EGFR T 790M  accounts for 50% 

to 60% of resistance to erlotinib, gefitinib, and 

afatinib, whereas other mechanisms, including 

bypass pathway activation (eg, MET or ERRB2 

amplification, mutations in BRAF and PIK3CA) 

and lineage shifts (eg, small-cell transformation, 

epithelial-to-mesenchymal transition), are less 

commonly observed.2,3 T hird-generation EGFR 

inhibitors yield responses in 40% to 60% of 

T 790M-positive tumors, and osimertinib is US 

Food and Drug Administration approved in this 

setting.4 Other third-generation T KIs, includ-

ing nazartinib (EGF816; N ovartis, Cambridge, 

M A),5 are in development. H owever, tumors 

can harbor extensive molecular heterogeneity, 

potentially a ecting response to subsequent 

therapies.6

We present two cases of EGFR-mutant lung 

cancer treated with nazartinib after developing 

T 790M. Serial tissue and liquid biopsies were 

collected during and after nazartinib treatment. 

T hese cases illustrate how T 790M and T 790 

wild-type (W T ) subclones can coexist in individ-

ual patients and how serial liquid biopsies might 

provide insight into tumor heterogeneity and 

clonal dynamics during therapy.

Purpose T hird-generation epidermal growth factor receptor (EGFR) inhibitors like 

nazartinib are active against EGFR mutation–positive lung cancers with T 790M - 

mediated acquired resistance to initial anti-EGFR treatment, but some patients have 

mixed responses.

M ethods M ultiple serial tumor and liquid biopsies were obtained from two patients be-

fore, during, and after treatment with nazartinib. N ext-generation sequencing and drop-

let digital polymerase chain reaction were performed to assess heterogeneity and clonal 

dynamics.

Results We observed the simultaneous emergence of T 790M -dependent and -independent 

clones in both patients. Serial plasma droplet digital polymerase chain reaction illustrated 

shifts in relative clonal abundance in response to various systemic therapies, confirming 

a molecular basis for the clinical mixed radiographic responses observed.

Conclusion H eterogeneous responses to treatment targeting a solitary resistance mech-

anism can be explained by coexistent tumor subclones harboring distinct genetic sig-

natures. Serial liquid biopsies o er an opportunity to monitor clonal dynamics and the 

emergence of resistance and may represent a useful tool to guide therapeutic strategies.
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Heterogeneity and Coexistence 
of T 790M and T 790 Wild-Type 
Resistant Subclones Drive Mixed 
Response to T hird-Generation 
Epidermal Growth Factor Receptor 
Inhibitors in Lung Cancer

INT RODUCT ION

Epidermal growth factor receptor (EGFR) 

tyrosine kinase inhibitors (T KIs) are e ective 

therapies against advanced EGFR-mutant lung 

cancer, but outcomes are limited by acquired 

resistance.1 EGFR T 790M accounts for 50% 

to 60% of resistance to erlotinib, gefitinib, and 

afatinib, whereas other mechanisms, including 

bypass pathway activation (eg, MET or ERRB2 

amplification, mutations in BRAF and PIK3CA) 

and lineage shifts (eg, small-cell transformation, 

epithelial-to-mesenchymal transition), are less 

commonly observed.2,3 Third-generation EGFR 

inhibitors yield responses in 40% to 60% of 

T790M-positive tumors, and osimertinib is US 

Food and Drug Administration approved in this 

setting.4 Other third-generation TKIs, includ-

ing nazartinib (EGF816; Novartis, Cambridge, 

MA),5 are in development. However, tumors 

can harbor extensive molecular heterogeneity, 

potentially a ecting response to subsequent 

therapies.6

We present two cases of EGFR-mutant lung 

cancer treated with nazartinib after developing 

T790M. Serial tissue and liquid biopsies were 

collected during and after nazartinib treatment. 

These cases illustrate how T790M and T790 

wild-type (WT) subclones can coexist in individ-

ual patients and how serial liquid biopsies might 

provide insight into tumor heterogeneity and 

clonal dynamics during therapy.

Purpose T hird-generation epidermal growth factor receptor (EGFR) inhibitors like 

nazartinib are active against EGFR mutation–positive lung cancers with T 790M- 

mediated acquired resistance to initial anti-EGFR treatment, but some patients have 

mixed responses.

Methods Multiple serial tumor and liquid biopsies were obtained from two patients be-

fore, during, and after treatment with nazartinib. Next-generation sequencing and drop-

let digital polymerase chain reaction were performed to assess heterogeneity and clonal 

dynamics.

Results We observed the simultaneous emergence of T 790M-dependent and -independent 

clones in both patients. Serial plasma droplet digital polymerase chain reaction illustrated 

shifts in relative clonal abundance in response to various systemic therapies, confirming 

a molecular basis for the clinical mixed radiographic responses observed.

Conclusion Heterogeneous responses to treatment targeting a solitary resistance mech-

anism can be explained by coexistent tumor subclones harboring distinct genetic sig-

natures. Serial liquid biopsies o er an opportunity to monitor clonal dynamics and the 

emergence of resistance and may represent a useful tool to guide therapeutic strategies.
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Detection of EGFR Mutations

Sacher et al., JAMA Oncology, 2016
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Sensitivity Increases with Higher Metastatic Burden

Sacher et al., JAMA Oncology, 2016



ctDNA Analysis Can Guide Changes in Treatment 

Through Detection of Clonal Shifts

16

ctDNA actively used in advanced NSCLC to guide TKI therapy and 
treatment escalation

Piotrowska et al., JCO Precision Oncology, 2018
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Detection of Early Relapse in NSCLC

Gale et al., Annals of Oncology, 2022



Detection of Early Relapse in NSCLC

18 Gale et al., Annals of Oncology, 2022

• ctDNA+ preceded clinical 
progression

• Lead time up to 328 days



Future Perspectives in Lung Cancer

• TSOG 101 (PI: Isbell)

• Risk stratification of lung nodules/early detection of disease

– Lung cancer screening population only comprises 30% of diagnosed lung cancers

– Positive predictive value of LDCT for nodule >7mm is 7% 

• Earlier initiation of treatment in patients with targetable mutations 

19

Thompson et al., World Conf on Lung Cancer, 2021



ctDNA in Esophageal Cancer

• Evaluation for MRD post-operatively/predict early recurrence

• Monitor for recurrence

• Assess treatment response in advanced setting

• Detect early emergence of new clones/mutations that may confer 

resistance phenotypes

20
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Esophageal

GE Junction

ctDNA detected anytime following curative-intent resection

ctDNA+ Anytime Post-Esophagectomy Confers Worse 

Prognosis

Huffman et al., JCO Precision Oncology 2022 Huffman et al., JCO Precision Oncology 2022 



CtDNA in Real-World Scenarios: Case 1

22

Esophagectomy



CtDNA in Real-World Scenarios: Case 1

23

Esophagectomy
Lung met identified, SBRT



CtDNA in Real-World Scenarios: Case 1
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Esophagectomy
Lung met identified, SBRT

2nd Lung met identified, SBRT



CtDNA in Real-World Scenarios: Case 2
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• 67 year old man, history of prostate cancer s/p radical prostatectomy in 1991

• Esophageal adenocarcinoma, T3N0, proficient MMR, Her2 negative

• Staging workup also showed 8cm right renal mass, biopsy returned RCC

• Treated with 5 cycles carbo/taxol with concurrent radiation, esophagectomy 

May 2022

• Right nephrectomy December 2022



CtDNA in Real-World Scenarios: Case 2
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Esophagectomy: pathCR



CtDNA in Real-World Scenarios: Case 2

27

Esophagectomy: pathCR
New Lung Nodules



CtDNA in Real-World Scenarios: Case 2

28

Esophagectomy: pathCR
New Lung Nodules

ctDNA remains negative Likely RCC mets



Conclusions, Ongoing Work, and Future Directions

• ctDNA+ post-operatively is highly predictive of recurrence in multiple cancer types, 

including NSCLC and esophageal cancer

– May be useful to determine need for adjuvant therapy

• ctDNA clearance is associated with improved survival in multiple cancer types

– Long-term follow up of ctDNA as part of standard surveillance protocols

• ctDNA can be utilized in tumor-informed (MRD) and tumor-agnostic (targeted mutations, 

resistance) approaches

• Liquid biopsies, including ctDNA, will be critically important in advancing treatment, 

surveillance, and screening paradigms for thoracic malignancies

– Non-operative management of clinical complete response in ESCC

• Moving towards EAC?

– Screening or adjunct to LDCT in NSCLC

– Novel screening platform for EAC in patients with GERD

29
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Neoadjuvant radiation therapy: 
Drowned in the PACIFIC?
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Resectable?

• 75M active smoker cT4N1, 
adenocarcinoma, no driver 
mutations on 52 gene NGS 
panel, PDL1 30%

• CAD, HTN, COPD

• FEV1 76%

• DLCO 63%

• ECOG 1



Maybe? Probably? Potentially!

Proposed operation:

Open thoracotomy, 
upper lobectomy with
bronchial sleeve 
resection, possible 
pulmonary artery
angioplasty



Resectability begins with operability

• Can my patient undergo an operation?

• What are my patient’s goals of care? Do they want an operation?

• What is the required approach?

• What is the extent of surgery required to achieve an R0 resection?

• What is the risk profile of the proposed intervention given my 
patient’s physiology?

• What is risk tolerance of the patient and the treating team?

• What are the competing alternatives?



Many options for this patient

•CRT + IO

• Surgery + adjuvant

•CRT + surgery

•ChemoIO + surgery

CRT



Why I favour avoiding RT in this setting…



Why I favour avoiding RT in this setting… (Cont.)



Why I favour avoiding RT in this setting… (Cont.)



VATS RUL
DC on POD#2
Path: ypT1BN1 MPR

Chemo-IO x 3

Why I favour avoiding RT in this setting… (Cont.)





Reading the 
methods: 

painful but 
useful!



IM010 KN091

ADAURA

PACFIC was 
an adjuvant 

study…



The shape of 
the curve is 

different when 
you start at the 
real time ZERO



IO after CRT seems to be palliating incomplete locoregional control



Chemo-IO + surgery flattens the curve in the first two years after diagnosis



Medical 
oncologists 
can achieve 

RO!



Chemo-IO + surgery is a safe regimen



Is CRT that much safer?



76F with T4N0 
squamous cell 
carcinoma. No 
PDL1 done. 

What is resectable NSCLC?



Clear invasion of 
T2 vertebral body
with significant 
arm pain

Is this resectable
disease?
1) Yes
2) No
3) Borderline



- Dramatic response
- Resolution of arm 
pain after 1st cycle
- Near complete 
metabolic response
- Recently underwent 
lobectomy with 
hemivertebrectomy
and spinal stabilization

PCR!



What about NADIM2?

CM816 NADIM2

Randomized 358 1:1 90 2:1

Endpoints PCR, EFS PCR, PFS, OS

Stages IB-IIIA (AJCC7) or II-IIIB (AJCC8) IIIA-IIIB (AJCC8)

Systemic therapy plan Pure neoadjuvant Periadjuvant (adj = 6 months)

Progress to surgery (CTxIO vs CTx) 83% vs 75% 93% vs 69%

R0 rate (CTxIO vs CTx) 83% vs 78% 93% vs 65%* (OR 6.6, p=0.007)

OS @ 2 years (CTxIO vs CTX) 82.7% vs 70.6%* (HR 0.57, 95% CI 
0.38-0.87)

84.7% vs 63.4%*(HR 0.40, 95% CI 
0.17-0.034, p=0.034)



What about phase 3 peri-adj IO?

Trial Identifier 
and Status

Study Title 
(Planned Accrual)

Stage (Edition) Backbone Intervention
Adjuvant 

Immunotherapy 
Treatment

Primary 
Endpoints

NCT02998528
Completed accrual 
Q4 2019

CheckMate -816
N = 360

IB-IIIA (7th)
3 cycles of cis or carbo + 

vino/pem/docel/pac

± Nivolumab 
(nivolumab 

+ ipilimumab)
No

EFS
pCR

NCT03425643
Completed accrual

KEYNOTE-671
N = 786

IIA-IIIB (8th)
4 cycles of cis
+ pem or gem

Pembrolizumab 
or placebo

13x3-wk cycles of 
pembrolizumab/ 

placebo

EFS
OS

NCT03456063
Completed accrual

IMpower030
N = 450

II-IIIB
(8th)

4 cycles of cis/carbo 
+ nab-pac/pem/gem

Atezolizumab 
or placebo 

16 x 3-wk cycles of 
atezolizumab or 

BSC
EFS

NCT03800134
Completed accrual

AEGEAN
N = 800

IIA-IIIB (8th)

3-4 cycles of cis + gem
or carbon + pac

or cis + pem
or carbo + perm

Durvalumab 
or placebo

Adjuvant 
durvalumab 
or placebo

pCR
EFS

NCT04025879
Completed accrual

CA209-77T
N = 452

II-IIIB 
(8th)

3-4 cycles of cis/carbo
+ pem/doce or pac

Nivolumab 
or placebo

Adjuvant 
nivolumab 
or placebo

EFS























Neoadjuvant radiation

Altorki et al
Questions?
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Our post Transhiatal Esophagectomy Leak 
Rate was never 3%
• Our leak rate is an honest 20-25%

• My key factors for leak include:
1) Gastric conduit blood flow

2) Microbiome

3) Increased coughing causing transition “pressure” at thoracic inlet

4) NOT TENSION



Our residents perform >90% of robotic cases

• Simulation is key to understand how to use the robot, even if not 
familiar with operation

• Planned out graduated responsibility based on resident experience 
and robotic capability

• Dual console is key

• M2 medical students and Surgical scrubs are my bedside assists (no 
formal First Assist, no FA port)



I miss doing VATS lobectomies

• I enjoy robotic operations

• I am a much better laparoscopic surgeon (suturing, etc.) with the 
robot

• I am concerned about losing the ability to safely perform non-robotic 
laparoscopic and thoracoscopic cases



D 50W Pleurodesis

Robert J McKenna Jr. MD

St John’s Cancer Institute

Stanford University



D 50 W 

Impact of Prolonged Air Leak

Add. Costs for PAL  13,000 pounds

Length of Stay

No PAL   5 days

PAL   10 days



D 50 W 

Impact of Prolonged Air Leak



D 50W Pleurodesis

Protocol

• Pleurodesis on POD 1-3

• Lidocaine 1%, 50-200 ml D 50W, 

• Clamp CT 2 hrs

• Change position q 15 minutes

• Up to 3 attempts



D 50W Pleurodesis

Complications

• Pain   (Lidocaine)

• How to avoid Hyperglycemia:

NPO 3 hr pre and post

• Not for Diabetics



D 50W Pleurodesis

Results

In 39 of 46 (80%), 

pleurodesis stops the 

air leak
Varela Eur J Cardiothorac Surg 



D 50W Pleurodesis

Billing Code
32560 Bedside chemical pleurodesis 

($347. 21,  (RVU= 1.54)

32650 VATS chemical pleurodesis 

($735.96.  RVU= 10.83).   That gets 

billed as return to OR that counts 

against hurts STS database rating 



Clinical Pearls I’ll Never Publish

Elliot Servais, MD, FACS
Section Chief, Thoracic Surgery

Lahey Hospital & Medical Center

Associate Professor of Surgery

Tufts University School of Medicine



Robotic setup

 Goals:

 Safety

Minimize collisions (internal & external)

 Efficiency

 Reproducible 

→We never target

→ It’s all about the camera arm position!!



Pulmonary cases



RAMIE - chest



RAMIE

 Goals:

Achieve the PERFECT proximal esophageal division for Ivor Lewis

Avoid the retracted or pooching mucosa

Autonomy

 I’ve tried many alternatives

 The robotic shears are too darn short!! 

→ Robotic vessel sealer



RAMIE – Dividing the Goose



Redo fundoplication/PEH

 “The stapler is your friend”

• Taking down prior Nissen with stapler

• Functional conversion of Nissen to Toupet



Redo fundoplication/PEH

The stapler is 

your friend



Clinical Pearls I Will Never 
Publish
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The Safe Robotic Case

• The first few cases you do at a new place will determine what type of 
surgeon you are in the eyes of your colleagues 

• Many clinical pearls are made from some disaster you experienced



My mis-steps

• Started with a right upper lobectomy

• Peripheral cT1bN0 NSCLC

• Wedge resection followed by completion lobectomy with MLND

• Resection went well, difficulty with specimen extraction

• Resulted in a take back for bleeding

• Patient did well, still discharged POD#3



More access

• Don’t have to scrub back 
in to increase extraction 
site

• Ease of sponge stick 
placement

• Easy to pass in cigarette 
rolls, suction and take 
out lymph nodes

• Maintain CO2



Some pearls don’t require a disaster



Esophagectomy

• Long term outcomes are related to a number of distinct maneuvers 
during a long operation 

• Pyloric intervention, extent of kocherization of the duodenum, 
closure of the hiatal opening, width of the conduit, proximal location 
of the anastomoses, width of the anastomoses

• A straight conduit is a very important part of appropriate function



Anatomically correct gastric conduit
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Tips and Tricks I’ll Never Publish

Left Axillary Exposure Lung Transplant

Pericardial stich to

rotate Hilum

Resident/Attending



Tips and Tricks I’ll Never Publish

MIE MCkewon, Bringing Stomach to Neck

Slippy Slide to bring conduit

To Neck in MIE.



Clinical Pearls I’ll Never 

Publish

◼ Anyone can learn to operate

◼ Residents Learn more from you by

◼ How you treat and interact with your patients

◼ How you advocate for your patients

◼ How you interact in your work environment
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