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STATE LAW: 

The California legislature has passed Assembly Bill (AB) 1195, which states that as of July 1, 2006, all Category 1 CME activities that relate to patient care must include a cultural 

diversity/linguistics component. It has also passed AB 241, which states that as of January 1, 2022, all continuing education courses for a physician and surgeon must contain 

curriculum that includes specified instruction in the understanding of implicit bias in medical treatment.

The cultural and linguistic competency (CLC) and implicit bias (IB) definitions reiterate how patients’ diverse backgrounds may impact their access to care.

EXEMPTION:

Business and Professions Code 2190.1 exempts activities which are dedicated solely to research or other issues that do not contain a direct patient care component. 

The following CLC & IB components will be addressed in this presentation: 

▪ Barriers to uptake of liquid biopsies into standard of care.

▪ Address disparities due to perceptions and treatment decisions relating to utility of liquid biopsies. 

Cultural Linguistic Competency (CLC) & Implicit Bias (IB)

https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB1195
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB241


4



5



6



Depiction of origin and fates of circulating tumor DNA relative to cell-free DNA

7
Bredno, J. et al, 2021. Clinical correlates of circulating cell-free DNA tumor fraction. PLOS ONE 16, e0256436.



8Kasi PM. ctDNA Assays: Exploring Their Clinical Use in Oncology Care. January 2022. ASCO Daily News. 

Diagnosis

Minimal Residual Disease

Treatment Response

Acquired Resistance
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Kasi PM. Utility and Debate of Liquid Biopsy Assays in Surveillance Setting. March 2023. ASCO Daily News. 

“Adjuvant-plus”



Settings/Platforms/Biology
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Tumor-informed Platforms
Versus

Tumor-agnostic
(tumor-uninformed or 

plasma-only)
Platforms

Kasi PM. ctDNA Assays: Exploring Their Clinical Use in Oncology Care. January 2022. ASCO Daily News. 



• Personalized for each patient's 
tumor

• Needs tumor tissue sent

Tumor-informed

• ctDNA + Epigenetic signatures

• Methylation markers

Tumor-naïve  

12
Kasi PM. ASCO Daily News. Kinetics of Liquid Biopsies in Predicting Response to Immunotherapy. Oct 1, 2020. 





RIGHT vs. LEFT

Kasi PM et al. Colorectal Cancer. Lancet Oct 2019.
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Treatment options for patients with mCRC

BRAF

Immuno
therapy

HER2

NTRK

Kasi PM et al. Colorectal Cancer. Lancet Oct 2019.
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Intratumoral and temporal heterogeneity

Burrell RA, et al. Nature. 2013;501:338.
Misale S, et al. Cancer Discov. 2014;4:1269.
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1st line metastatic setting

Liquid biopsy as a complimentary and adjunct tool to tissue testing

17





1st line Anti-EGFR therapy 
selection

• Selection of the patient for 
anti-EGFR – tissue
• LEFT

• RAS-wildtype

• BRAF-wildtype

• HER2-negative

• Role for liquid biopsies (YES)

Anti-EGFR

OS (months)

Anti-VEGF

OS (months)

NCDB 42.9 27.5

CALGB 80405 39.3 32.6

PEAK 43.4 32.0

FIRE-3 38.3 28.0

PARADIGM 37.9 34.7

PARADIGM 

(ctDNA hyper-

selected)

42.1 35.5

Shitara K et al. 
Negative hyperselection of patients with RAS wild-type metastatic colorectal cancer for panitumumab: A biomarker study of the phase III PARADIGM trial.

DOI: 10.1200/JCO.2023.41.4_suppl.11 Journal of Clinical Oncology 41, no. 4_suppl (February 01, 2023)



Potential Advantages of Using ctDNA Assays to 
Assess Actionable Mutations

• Analysis of trial enrolment of patients with advanced GI cancers using ctDNA sequencing (GOZILA, 
n = 1687) vs tumor tissue sequencing (GI-SCREEN, n = 5621)

Nakamura. Nat Med. 2020;26:1859.

Quantity Not Sufficient Turnaround time

Turnround time
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81%

Sangaré L, Delli-Zotti K, Florea A, Rehn M, Benson AB, Lowe KA. An evaluation of RAS testing among metastatic colorectal cancer patients in the USA. 
Future Oncol. 2021 May;17(13):1653-1663. PMID: 33629919.
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Resensitization or Rechallenge

Kasi PM. ctDNA Assays: Exploring Their Clinical Use in Oncology Care. January 2022. ASCO Daily News. 



Potential Advantages of Using ctDNA Assays to 
Assess Actionable Mutations

• Analysis of trial enrolment of patients with advanced GI cancers using ctDNA sequencing (GOZILA, 
n = 1687) vs tumor tissue sequencing (GI-SCREEN, n = 5621)

Nakamura. Nat Med. 2020;26:1859.

Quantity Not Sufficient Turnaround time

Turnround time





Blood TMB or Liquid TMB (bTMB)
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Kasi PM. Liquid biopsies and tumor 
mutational burden: the cutoff conundrum. 
Nat Med. 2022 Sep;28(9):1753-1754. 

Blood 
versus 
tissue 
TMB 

cutoffs



Microsatellite Instability - Plasma

Validation of Microsatellite Instability Detection Using a Comprehensive Plasma-Based Genotyping Panel. 

Clin Cancer Res. 2019 Dec 1;25(23):7035-7045. PMID: 31383735.



HER2-targeted therapies in patients with HER2+ metastatic colorectal cancer 

28

Regimen Trial (n) – year ORR PFS OS Most common Grade 3+ 

AEs

Trastuzumab + 

lapatinib

HERACLES-A 

(n=32) – 2016

28% 4.7m 10m Fatigue 16%

Decreased LVEF 6%

Trastuzumab + 

pertuzumab

MyPathway 

(n=84; 57 evaluable) – 2019 

32% 2.9m 11.5m Hypokalemia 5% 

Abdominal pain 5%

Pertuzumab and T-

DM1

HERACLES-B 

(n=31) – 2020

9.7% 4.1m Not 

reported

Thrombocytopenia 7%

Trastuzumab 

deruxtecan

DESTINY-CRC01 

(N=78; 53 HER2+) – 2021 

45.3% 6.9m 15.5m Neutropenia 15%

Anemia 13%

Tucatinib + 

trastuzumab

MOUNTAINEER 

(n=117) *FDA Approved

38.1% 8.2m 24.1m Hypertension 7%

Diarrhea 3.5% 



HER2/ERBB2 - Plasma

Plasma HER2 (ERBB2) Copy Number Predicts Response to HER2-targeted Therapy in Metastatic Colorectal Cancer. 

Clin Cancer Res. 2019 May 15;25(10):3046-3053. PMID: 30808777.

Results:

• 47 of 48 samples had detectable 

ctDNA

• 46 of 47 samples were ERBB2-

amplified on the basis of cfDNA 

[2.55–122 copies]; 

• 97.9% sensitivity (95 CI, 87.2%–

99.8%)]. 

• An adjusted ERBB2 pCN of 25.82 

copies correlated with ORR and 

PFS (P = 0.0347)
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Dual-HER2 blockade 
Trastuzumab + Pertuzumab



Cholangiocarcinoma: 
Target-rich disease

31
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Real-time circulating tumor DNA 
profiling of advanced 
cholangiocarcinoma (CCA)

Kasi PM et al. JCO PO January 2019 & Journal of Clinical Oncology 36, no. 15_suppl (May 2018) 4089-4089. 

NTRK MSI FGFR IDH

BRCA HER2 BRAF MET

KRAS

PIK3CA ARID1A TP53 CCND1/2 CDK4/6
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Kasi PM et al. ASCO GI 2021.  Comparative landscape of actionable somatic alterations in advanced cholangiocarcinoma from 
circulating tumor and tissue-based DNA profiling.



35



Can we reliably use 
ctDNA kinetics?

Does it 
correspond with 
outcomes 
(response/overall 
survival)?
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Circulating 
tumor DNA 
and plasma 

microsatellite 
instability 

during PD-1 
blockade

J Gastrointest Oncol Aug 17 2020; 
11(4):826-828

39



Circulating tumor DNA and plasma microsatellite instability during PD-1 blockade
Baseline Week2 Week3 Week4 Week6 Week8 Week10 Week12 Imaging

Patient 1 – MSI-High 
Pancreas

CtDNA Highest VAF 0.7% ND ND ND
ResponseMSI-High Plasma + x x x

Patient 2 – MSI-High 
CRC

CtDNA Highest VAF 0.4% ND
ResponseMSI-High Plasma + x

Patient 3 – MSI-High 
CRC 

CtDNA Highest VAF 0.7% ND
ResponseMSI-High Plasma + x

Patient 4 – MSI-High 
Gastric

CtDNA Highest VAF 16.4% 0.3% ND ND
ResponseMSI-High Plasma + + x x

Patient 5 – MSI-High 
CRC 

CtDNA Highest VAF 42.2% 0.6% 0.9%
ResponseMSI-High Plasma + + x

Patient 6 – MSI-High 
Esophageal 

CtDNA Highest VAF ND ND
ResponseMSI-High Plasma + x

Patient 7 – MSI-High 
CRC

CtDNA Highest VAF 31.2% 4.4% 0.3%
ResponseMSI-High Plasma + + +

Patient 8 – MSI-High 
CRC 

CtDNA Highest VAF 11.7% 20.9% 18.1%
ProgressionMSI-High Plasma + + +

Patient 9 – MSI-High 
CRC

CtDNA Highest VAF 0.2% 0.8%
ProgressionMSI-High Plasma + +

Patient 10 – MSI-
High CRC  

CtDNA Highest VAF 4.4% 2% 10.5%
ProgressionMSI-High Plasma + + +

Patient 11 – MSI-
High CRC

CtDNA Highest VAF 0.2% ND 0.3% 0.6%
ProgressionMSI-High Plasma + + + +

Patient 12 – MSI-
High CRC

CtDNA Highest VAF 2.4% 2.7% 1.7%
ProgressionMSI-High Plasma + + +

40
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August 14, 2020
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03 August 2020
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“MRD”

Platforms and updates

44



Tumor heterogeneity 
“Shedding”

Cannot forget 
biology; high 
shedders versus 
low shedders

45



August 2018

Volume 24, Issue 15

Zill OA, et al. Clin Cancer Res. 2018;24:3528.
46



• Detectable levels of ctDNA

• Varies between different tumors and between different stages of the tumor 

• 49 to 78% of patients with localized tumors and in 86 to 100% of patients with metastatic tumors of these four types

(Bettegowda, Sausen et al. 2014)
47



RIGHT vs. LEFT

Kasi PM et al. Colorectal Cancer. Lancet Oct 2019.
48
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Lee J, et al: Multimodal circulating tumor DNA (ctDNA) colorectal neoplasia detection assay for asymptomatic and early-stage colorectal cancer (CRC). 
Journal of Clinical Oncology 39:3536-3536, 2021
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Kasi PM, Fehringer G, Aleshin A, Kopetz S. Reply to F. Dayyani et al. JCO Precis Oncol. 2022 Jul;6:e2200275. doi: 10.1200/PO.22.00275. PMID: 35834757.



52

Henriksen TV. The effect of surgical trauma on circulating free DNA levels in cancer patients-implications for 
studies of circulating tumor DNA. Mol Oncol. 2020 Aug;14(8):1670-1679. 

Surgical 
trauma 
induced 

cfDNA affects 
ctDNA 

detection



Timing is key

53

Finding the 
needle in the 

haystack

Immediate post-
operative period 

– bigger 
haystack



Do ctDNA+ patients 
recur?

Does it 
correspond with 
outcomes 
(recurrence)?

54
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Do ctDNA- patients 
recur?

Does it 
correspond with 
outcomes 
(recurrence)?
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ctDNA-positivity at MRD time point is predictive of 
inferior DFS

58

Pashtoon Kasi, MD, MS

Stages II-III

MRD status MRD-negative MRD-positive

Numbers of events (%) 38/530 (7.17) 55/93 (59.14)

2-year DFS post surgery,

% (95% CI)
91.59 (88.38-93.94) 29.86 (13.26-48.54)

Median DFS post surgery, 

months (95%)
Not reached 15.98 (13.77-20.22)
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Pashtoon Kasi, MD, MS

Fear
Anxiety/ 

Depression

Value/Utility Confidence

Patient

73%
reported ctDNA results 
reduced anxiety about 
cancer recurrence 

87%
felt they were receiving 
the right treatment after 
receiving their results 

92%
would continue using 
the ctDNA test to 
monitor cancer 

96%
valued the additional 
information received 
from ctDNA results 

Kasi PM, et al. Poster Session C, Abstract ID: 54

Perceived utility of ctDNA testing and dimensions of well-being

~1130 responses from 

413 patients



Tie et al. June 16, 2022
N Engl J Med 2022; 386:2261-2272
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Tie et al. June 16, 2022
N Engl J Med 2022; 386:2261-2272
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Tie et al. June 16, 2022
N Engl J Med 2022; 386:2261-2272
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Units of 
Measurement

64

VAF%

• Variant Allele 
Fraction

MTM

• Mean Tumor 
Molecules/ml

PPM

• Parts per 
million

Absolute 

measurement

Focuses on the 

number of target 

molecules in a given 

volume

Relative 

measurement

Focuses on the ratio 

of ctDNA molecules 

containing MRD 

targets out of the 

total cfDNA 

molecules measured 

(ctDNA + normal 

cfDNA)

VAF represents the 
percentage of 
sequencing reads that 
support a specific 
variant allele relative to 
the total number of 
reads at that genomic 
locus

1.67 parts per million (PPM) = 1.67 × 10-6 tumor fraction 

= 0.000167% VAF
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T4 High risk

N2Node positive

MSI-
High

Mismatch repair 
deficiency

68



Summary/Future Directions
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1. Colorectal Cancer 
specific tests

2. Multi-tumor 
agnostic tests

Tumor DNA-
Based 
Screening 
Approaches 
for Colorectal 
Cancer



Targeted methylation-based multi-cancer early detection test (MCED)

72
Klein EA, et al. Clinical validation of a targeted methylation-based multi-cancer early detection test using an 

independent validation set. Annals of Oncology 2021;32(9):1167–77

2



Circulating Tumor Cells

CTCs

73



CTC Isolation Techniques

74
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Biomarkers
EGFR
Ki67
HER2
PD-L1
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kasi@coh.org
Cell: 412-897-2301

doi: 10.1016/S0140-6736(19)32319-0. 
PMID: 31631858.

doi: 10.1200/JCO.21.02615. 
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