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* Not promoting a particular assay
* Acknowledgment: Lingling Du, MD
* Lots of data, not sure what to do with it

* | have more questions about ctDNA now than | used to



Learning Objectives:

e Describe the differences between tumor-informed vs tumor-
agnostic ctDNA assays

* Describe the rationale and indications for utilizing ctDNA in:
* Making decisions regarding post-surgical treatment for colorectal cancer
* Post-operative surveillance following curative surgery for colorectal cancer

* Understand a potential strategy for utilization of ctDNA in a rectal
cancer “watch and wait” surveillance protocol



* Minimal Residual Disease (MRD) — neoplastic cells that persist
below detectable levels after therapy completion

* Initially used in Acute Lymphoblastic Leukemia

* Circulating Tumor DNA (ctDNA) — MRD that is cell-free DNA
originating from tumor cells

* Half-life approx. 2 hours
* Arises from apoptosis, necrosis, or phagocytosis of tumor cells



Potential Clinical Uses of ctDNA

* MRD-assessment after surgery

* Adjuvant therapy guidance

* Recurrence risk prediction

* Early recurrence detection during surveillance

* Main advantage: ctDNA can potentially detect microscopic disease
months before radiologic recurrence.



Tumor-Informed Assays

* Next-generation sequencing or digital droplet PCR assays
developed from the whole exome or targeted sequencing of a
patient’s primary tumor

* Advantages:

* High analytic sensitivity

* Low probability of false negatives
* Disadvantages:

* Longer turnaround time for assay development
* Potential for non-detection of MRD after residual clonal evolution

* Examples: Signatera™ (Natera), RaDaR™ (Inovata/NeoGenetics)



Tumor-Agnostic Assays

* Do not require sequencing of tumor tissue

* Broad panel-based assays — look for genomic alterations and aberrant
methylation patterns

* Advantages:
* Rapid turnaround
* Simplicity
* No need for primary tumor tissue
* Ability to continue to monitor for MRD even after residual tumor clonal evolution

* Disadvantage:
* Lack of personalized genetic information specific to a patient’s tumor

* Example : Guardant Reveal™ (Guardant), Tempus xM MRD™ (Tempus)



Prognostic risk stratification after surgery

* Most mature evidence

* Well-established that patients who are ctDNA (+) post-op have
higher risk of recurrence



Review
Circulating Tumor DNA as a Minimal Residual Disease

Assessment and Recurrence Risk in Patients Undergoing
Curative-Intent Resection with or without Adjuvant

Chemotherapy in Colorectal Cancer: A Systematic Review
and Meta-Analysis

Anusha Chidharla **%, Eliot Rapoport %7, Kriti Agarwal 3, Samragnyi Madala ?, Brenda Linares °>, Weijing Sun !,
Sakti Chakrabarti " and Anup Kasi 1§

Int. . Mol. Sci. 2023, 24, 10230

* Investigated impact of post-surgery ctDNA status on recurrence-
free survival

* 23 studies, 3568 patients with stage I-Ill and oligometastatic stage
IV colorectal cancer undergoing curative-intent resection.

* Mix of tumor-informed and tumor-agnostic assays
* 13.4% (477) positive for ctDNA post-operatively in MRD window



Post-surgical ctDNA (+) status imparted a significant
negative effect on prognosis (HR 7.27)

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE WEigl'lt IV, Random, 95% CI IV, Random, 95% CI
Anandappa et al, 2021 23026 05657 3.8% 10.00(3.30, 30.31]
Benhaim et al, 2021 11694 0455 49%  322[1.32 7.86)
Bolhuis et al, 2021 11939 05502 40%  3.30[1.12 0.70]
Chen et al, 2021 23961 03707  58% 10.98(5.31,22.71]
Diehn et al, 2017 23321 07649  2.6% 10.30[2.30, 46.12] -
Gu et al, 2021 21041 07737 25%  8.20(1.80, 37.36]
Henriksen et al, 2021 23979 0.3354 6.3% 11.00([5.70, 21.23] —
Khakoo et al, 2020 36864 11735 1.3% 39.90[4.00, 397.99]
Kotaka et al, 2022 27279 02939 6.8% 15.30(8.60, 27.22) —_—
Li et al, 2022 12768 03408 6.2%  3.50[1.84,6.99) —

Loupakis et al, 2021 1.7679 025877 T7.3% 5.80[3.50, 9.61]
McDuff et al, 2021 24476 09076 2.0% 11.56[1.95 68.47)
Overman et al, 2017 11314 03065 B6.7% 310[1.70, 5.65]
Parikh et al, 2021 2423 06228 34% 11.28(3.33,38.23]
Reinert et al, 2022 20281 04743 47%  7.60[3.00,19.25) —

Scholeretal, 2017 3.6286 11192 1.4% 37.66[4.20, 337.71]
Tie etal, 2016 2.5649 03459 6.2% 13.00[6.60, 25.61]
Tie etal, 2019 (colon) 1.335 02345 7.7% 3.80[2.40,6.02)
Tie et al, 2019 (rectum) 2.5649 04389 50% 13.00[5.50,30.73] —
Tie etal, 2021 1.8342 04522 49% 6.26 [2.58,15.19] e
Zhou et al, 2022 3.2308 1.4501 0.9% 2530[1.47 433.96)
@gaard et al, 2022 1.5041 0.3889 56% :

Total (95% CI) 100.0% 7.27 [5.49, 9.62] E 3
Heterogeneity: Tau®= 0.21; Chi*= 46.52, df= 21 (P = 0.001); F= 5%
Test for overall effect Z=13.88 (P < 0.00001)
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Tumor-Informed Assays (A) vs Tumor-Agnostic Agnostic (B)

Hazard Ratio Hazard Ratio
or Subgr oup : IV, Random, 95% Cl IV, Random, 95% Cl
Anandappa et al, 2021 10,00 [3.30, 30.31)
Chen et al, 2021 10.98[5.31, 22.71]
Diehn etal, 2017 10.30 [2.30, 46.12]
Gu et al, 2021 8.20[1.80, 37.36)
Henriksen et al, 2021 11.00 [5.70, 21.23]
Khakoo et al, 2020 39.90 [4.00, 397.99]
Kotaka et al, 2022 15.30 [8.60, 27.22]
Liet al, 2022 359(1.84,6.99]
Loupakis et al, 2021 79 0.2577 5.80 [3.50, 9.61)
McDuff et al, 2021 76 09076 11.56 [1.95, 68.47)
Reinert et al, 2022 281 04743 : 7.60([3.00,19.25)
Scholeretal, 2017 g6 1.1192 37.66 [4.20, 337.71)
Tie etal, 2016 49 0.3459 13.00 [6.60, 25.61)
Tie et al, 2019 (colon) 1.335 0.2345 380 [2.40,6.02]
Tie et al, 2019 (rectum) 25649 0.4389 5.6 13.00 [5.50, 30.73]
Tie et al, 2021 1.8342 0.4522 i 6.26 [2.58,15.19]
Zhou et al, 2022 3.2308 1.450 1.1% 253 &
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Total (95% CI) ‘ 8.66 [6.38, 11.75)
Heterogeneity. Tau®= 017, Chi*= 3194 df=16 (P=0.01); F= 4
Test for overall effect Z=13.87 (P < 0.00001)

0.0 01 1 10 100
Favours [ctDNA (-)] Fawvours [ctDNA (+)]

Hazard Ratio Harard Ratio
[ Weight IV, Randoim, 95% CI NV, Random, 95% Cl
Benhaim at al, 2021 1.1694 0455 3.22(1.32, 7.86)
Bolhuis et al, 2021 1.1939 05605 0[1.10,9.90]
Overman et al, 2017 1.1314 0.3065 0[1.70, 5.65)
Parikh et al, 2021 2423 0.7364 [2.66, 47.77)
@gaard et al, 2022 1.5041 0.3889 0[2

Total (95% CI)
Heterogeneity: Tau®= 0.00; Chi®= 3.01, df= 4 (P = 0.56); =

Test for overall effect Z = 6.90 (P < 0.00001) 0.1 1 10 100

Favours [¢tDMA (-)] Favours [ctDMA (+))




Review

Circulating Tumor DNA as a Real-Time Biomarker for Minimal
Residual Disease and Recurrence Prediction in Stage II
Colorectal Cancer: A Systematic Review and Meta-Analysis

Silvia Negro L0 Alessandra Pulvirenti 1, Chiara Trento 2", Stefano Indraccolo 23", Stefania Ferrari 17,

Marco Scarpa 1 Emanuele Damiano Luca Urso 1, Francesca Bergamo 4 Salvatore Pucciarelli 1, Simona Deidda ®"",
Angelo Restivo °, Sara Lonardi 7' and Gaya Spolverato 11

Int. . Mol. Sci. 2025, 26, 2486

* Evaluate the clinical relevance of ctDNA as a biomarker for

recurrence risk assessment and treatment stratification in stage |l
CRC.

* 7 studies, 1090 patients, 11.6% ctDNA+
* 5 studies —tumor-informed assay
* 1 study —tumor-agnostic assay
* 1 study — mix of both



Post-operative ctDNA (+) had a significantly higher risk of recurrence
compared to ctDNA (-) patients

ctDNA+ ctDNA- Risk ratio Risk ratio
Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI M-H, Random, 95% CI

Grancher 2022 10 19.4% 2.02[1.50, 2.73]
Kotani 2023 24 17.9% 13.99 [7.56 , 25.88]
Nakamura 2024 11 13.6% 4.09[1.19, 14.09]
Tie 2016 20 18.5% 7.35[4.43,12.19]
Tie 2022 45 16.7% 2.92[1.31,6.47]
Yang 2024 16 13.8% 0.70[0.21, 2.31]

Total (HKSJ?) 126 100.0% 3.66 [1.25, 10.72]
Total events: 52 106

Test for overall effect: T = 3.11 ! df=5 {P = ﬂ[l:-_l} 0.01 0.1 1 10 100
Test for subgroup differences: Not applicable post-surgery ctDNA- post-surgery ctDNA+
Heterogeneity: Tau? (DL®) = 0.85; Chi* = 48.52, df = 5 (P < 0.00001}); I* = 90%




ctDNA-Guided MRD Assessment to Help
Guide Treatment Decision

* Use of ctDNA testing to detect persistent neoplastic disease after
completion of therapy

* Potential to help inform decisions around ACT

* Typically performed 4-6 weeks after completion of therapy to
ensure clearance of cell-free DNA ("MRD window” typically 2-10
weeks post-op)

* Shown to be superior to CEA as a biomarker for MRD
» Stage Il colon cancer w high risk features — use ACT?
* “Low risk” stage Ill colon cancer —omit ACT?



ctDNA-Guided MRD Assessment to Help
Guide Treatment Decisions

* Major Trials
* CIRCULATE-Japan/GALAXY
* DYNAMICII
* DYNAMIC III
* COBRA
* BESPOKE-CRC



=

ASCO Gastrointestinal *
Cancers Sa;n:ggsisn"luna (@@%dgﬂgg '-
Association of circulating tumor DNA dynamics with
clinical outcomes in the adjuvant setting for patients

with colorectal cancer from an observational GALAXY
study in CIRCULATE-Japan

Masahito Kotaka Gastrointestinal Cancer Center, Sano Hospital, Kobe, Japan

Co-authors; Hiromichi Shirasu, Jun Watanabe, Kentaro Yamazaki, Keiji Hirata, Naoya Akazawa, Nobuhisa Matsuhashi,
Mitsuru Yokota, Masataka |keda, Kentaro Kato, Alexey Aleshin, Shruti Sharma, Daisuke Kotani, Eiji Oki,
Ichiro Takemasa, Takeshi Kato, Yoshiaki Nakamura, Hiroya Taniguchi, Masaki Mori, Takayuki Yoshino

Observational study

GALAXY utilized a personalized, tumor-informed ctDNA assay (Signatera).
Blood samples collected before surgery and 4, 12, 24, 36, 48, 72 and g6
weeks after surgery.

Patients with stage I-1V colon cancer (stage IV eligible for resection) were
enrolled

1040 patients, median follow up time 11.4 months

Kotaka M, et al. ASCO Gl 2022



DFS by post-op-4w ctDNA status in overall population (pStage I-1V)

%

80 —

60 —

40 — 6M-DFS  12M-DFS
GDNA  EventsN oo " gsecy)
96.5% 92 7%
(95.0-97.5) (90.4-94.5)

62 8% 47.5%
- Positive 91188 \554.602) (39.3-55.2)

30— Hegative 52/852
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7.3% recurred in

2 yes ctDNA
Negative
Positive

52.5% recurred
in1year

HR =10.9
95% CI, 7.8 to 15.4, P<0.001
Sensitivity for recurrence, 63.6%

| |
0 6 12
Months after surgery
Mumber at risk

Negative 822 310
Positive 118 38

I
18

Median follow-up time: 11.4 months
Data cutoff: Nov 19, 2021

’
0

DF5, disease-free survival; HR, hazard ratio; Cl, confidenfial interval DFS curve was estimated by the Kaplan-Meier method. HR and 85%Cl were calculated by the Cox proportional hazard model.

Kotaka M, et al. ASCO Gl 2022



DFS by post-op-4w ctDNA status in overall population (pStage ll-lil)

Negative

Positive

4.8% recurred in

1year ctDNA
Negative
Positive
44.5% recurred
in1year

6M-DFS  12M-DFS
(95%CI)  (95%Cl)
97 8% 95 2% HR =133

22597 (063.987) (92.6-96.9) 95% Cl, 8.0 to 22.2, P<0.001

. 73.0% 55.5% Sensitivity for recurrence, 67.6%
(63.9-80.2) (44.8-65.0)

EventsiN

Mumber at risk
Negative
Positive

DF 5, disease-free survival;, HR, hazard ratio; Cl, confidential interval DF S curve was estimated by the Kaplan-Meier methced. HR and 85%C| were calculated by the Cox proportional hazard model.

6 12 18

Months after surgery Median follow-up time: 11.4 months
Data cutoff: Nov 19, 2021

584 223 0
84 31 0

Kotaka M, et al. ASCO Gl 2022



ctDNA clearance rate

Cumulative Incidence of ctDNA clearance pStage I-IV

— W/ACT
— W/OACT

HR=9.3
95% ClI, 4.6 to 18.9, P<0.001

émonth

Number at risk Months after surgery

WIACT
WIOACT

Landmark analysis at the post-op-12w was performed. HR was adjusted by sex, performance status, and pStage
ACT, adjuvant chemotherapy; HR, hazard ratio, cumulative curve was estimated by the gray’s test. HR and 95%C| were calculated by Fine-Gray sub-distribution hazard model

Kotaka M, et al. ASCO Gl 2022



DFS by pStage in post-op-4w ctDNA positive population

High-risk pStage ||

Adjusted HR = 9.4
95% Cl, 1.1 to 79.1, P=0.04

0 6 12
Number at risk Months after surgery

W/ACT 9 9 3
W/OACT 13 7 1
6M-DFS  12M-DFS
(95%C1) (95%C1)
100% 88.9
(100-100)  (43.3-98.4)
53.8% 452
(24.8-76.0) (19.2-69.6)

0
0

Events/N

W/ ACT 1/8

Wio ACT M3

Adjusted HR = 8.8
95% ClI, 3.9 to 19.5, P<0.001

6 12 18
Months after surgery

65 58 24 0
25 8 2 0
6M-DFS  12M-DFS
(95%CH  (95%CI)

89.2% 68.3
(78.7-94.7)
32.0% 24.0
(15.2-50.2)

Events/N
WIACT 1765

WO ACT 19425

(93.4-79.2)

[}
(9.8-41.7) WO ACT 3546

pStage IV

— W/ACT

— W/OACT

Adjusted HR = 2.4
95% Cl, 1.1 to 5.2, P=0.02

] 15 18
Months after surgery

22 16 4 0
46 13 1 0
6M-DFS  12M-DFS
(95%Cl)  (95%CI)
72.7% 53.7%
(49.1-86.7) (28.4-73.6)
28.3% 22.3%

(16.2-41.6) (11.2-35.7)

EventsiN

Wi ACT 22

HR was adjusted by sex, and performance status. ACT, adjuvant chemotherapy; DFS, disease-free survival; HR, hazard ratio; Cl, confidential interval

DFS curve was estimated by the Kaplan-Meier mathod. HR and 55%C| were calculated by the Cox proportional hazard model

Kotaka M, et al. ASCO Gl 2022



DFS by ACT in post-op-4w ctDNA negative population (High-risk pStage lli-lll)

—_ W/ACT
— W/OACT

No benefit to ACT if ctDNA (-)

6M-DFS 12M-DFS
(95%Cl) (95%Cl)

98.6% 96.2%
(95.7-99.5) (92.1-98.2) Adjusted HR=1.3

- 97 5% 94.7% 95% CI, 0.5 to 3.6, P=0.63
WI/0 ACT 12317 oeooen (©05.074) , ’

ctDNA Events/N

W/ACT 7214

6 12 18

Number at risk Months after surgery Median follow-up time: 11.4 months
Data cutoff: Nov 19, 2021
W/ACT 211 79 0

WI/OACT 309 117 0

Median follow up less than 1 year

Kotaka M, et al. ASCO Gl 2022



ASCO Gastrointestina
Cancers Symposium

Circulating tumor DNA (ctDNA) dynamics in
colorectal cancer (CRC) patients with

molecular residual disease: Updated analysis
from GALAXY study in the CIRCULATE-JAPAN

Presenting Author: Hiroki Yukami, MD, PhD

Co-authors: Yoshiaki Nakamura, Saori Mishima, Koji Ando, Hideaki Bando, Jun Watanabe, Keiji Hirata, Naoya Akazawa, Masataka
lkeda, Mitsuru Yokota, Kentaro Kato, George Laliotis, Vasily N. Aushev, Adham A. Jurdi, Minetta C. Liu, Daisuke Kotani, Eiji Oki, Ichiro
Takemasa, Takeshi Kato, Takayuki Yoshino

* Updated 24-month DFS analysis in stage I-1V patients
with radically resected CRC participating in the
prospective, observational GALAXY study

NakamuraY, et al. ASCO GI 2024



DFS according to status in the MRD window in all stages

ctDNA(-)

14% of pts recurred at 2 years

ctDNA(+)

Dissase-Free Survival

HR =10.53 (8.74-12.69); P <0.0001

0 G 12 18 24 30 K
Time from Landmark Time paint (Manths)

Mumber at risk

ciDMA Negative { 2491 2001 1441 1041 445 135
ciDNA Positive{ 360 165 a8 59 35 13

ctDNA status Negative Positive
Events % 9.4 (235/2491) 58.8 (217/369)

24M-DFS %

L 23.4- )
(95% CI)* 85.9 (83.9-87.7) 28.9(23.4-24.8)

*DFS % from landmark time point

MRD window: 2-10 weeks post surgery, prior to start of any
adjuvant therapy - Landmark 10 weeks post-surgery

NakamuraY, et al. ASCO GI 2024



DFS according to status in the MRD window in pStage II/I11

ctDNA(-)
11% of pts recurred at 2 years

ctDNA(+)
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HR =12.05 (9.46-15.34); P <0.0001
B 12 18 24 30
Time from Landmark Time point (Months)
MNumber at risk

clDNA Negative{ 1783 1467 1075 775 370
ciDMA Positived 275 139 78 49 29

ctDNA Negative ctDNA Positive
7.8 (126/1783) 56.5(143/275)
24M-DFS %

& 2 '
(95% CI)* 89.3 (87.2-91.1) 33.5(26.5-40.7)

*DF5 % from landmark time poim

MRD window: 2-10 weeks post surgery, prior to start of any
adjuvant therapy - Landmark 10 weeks post-surgery

NakamuraY, et al. ASCO GI 2024



ctDMA Clearance

Events %

Median DFS
months (95% CI)

24M-DFS %
(95% CI)*
HR
95% CI
=

Disease-Free Survival

MRD window

Landmark 10 weeks post surgery

DFS according to ctDNA clearance in pts with ctDNA positive in the

Sustained clearance

Mo Clearance --

0 [ 12 18 24
Time from Landmark Time point (Months)

MNumber at nsk
66
B4
&1
Sustained
Clearance Clearance

7.1 (6/84) 85.2 (52/61)
NR 9 (8.5-12.4)

90.1 (78.6-95.6) 2.3(0.02-10.3)

Reference 25.13
Mot applicable 10.57-59.73
Mot applicable =0.0001

Mo Clearance
89.4 (59/66)
3.5(3.24.7)

2 (0.02-9.2)

87.08
36.14-209.84
<0.0001

*DFS % from landmark time point

NakamuraY, et al. ASCO GI 2024



DFS according to ctDNA status in the Surveillance window

Surveillance window

All stages Stage I/

All-time ctDNA(-) All-time ctDNA(-)

After MRD window
o

4 weaks post-ACT

Anytime ctDMNA[+)

Disease-Free Survival
Dizease-Frea Survival

Anytime ctDMNA[+)

HR =42.01 (30.88-57.14); P <0.0001 HR = 53.79 (36.66-78.91); P<0.0001

] 12 18 24 0 . & 12 18 24
Time from Landmark Time point {Months) Time from Landmark Time paint (Months)

Mumber al risk MNumber at risk
1582 121 B85 432
] 204 84 33

Arrflime Positne Albme Megatve Atime Posive
1515 1) | werEe % 2 T3 (1100148)

R e el Ftesc oot (S Lo LRl R SRR
S - : .‘ il

*DFE % from landmark time point

Surnveillance window sfarts from 4 weeks post-ACT or at the end of MRD window if patient had no ACT, until the last follow up or relapse.
Landmark 8 months post-surgery (2 months for ACT initiation + 6 months of ACT duration)

ctDNA-positive in the surveillance window is predictive of inferior DFS

NakamuraY, et al. ASCO GI 2024
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MRD-negative - High-risk Stage |l

B S ACT

rvation

=)

Disease-Free Survival
Fafients (%)

Adj. HR® = 212 (0.62-T7.24), P=0.23
Ad). HR®* =047 (0.14=1.81); F=0.23
Q & 12 18 24 30 36 42 48 ALT O
Time from landmark time point (months) Mo re
Mumber at risk W Recurence
Dbservation 373 365 311 249 152 &0 ; 2 0
ACT 102 101 BE 65 38 21 1 0
Treatment ACT Obsearvation
Events % 2.94 (3M02) 583 (21/373)
24M-DF5S % (95% CI) 06.34 (85.90-98.83) 93.7 (90.30-95.90)
mDFS {ma) NR MR

MRD-negative - Stage I

=4
o

Patients (%)
=

Adj. HR* = 1.35 (0.85-2.14); P =0.199
Adj. HR* =0.74 {(0.47=1.17);, £ =0.199

0 & 12 18 24 30 35 : ACT ©
Time from landmark time point (months) Mo
Number at risk W Recurrence

Observation 213 202 161 115 83 34 B ] 0

ACT 4569 461 ar3 293 178 G4 32 1 0
Treatment ACT Observation

Events % 11.08 (52/469) 13.62 (29/213)

24M-DFS % (95% CI) 8758 (83.72-90.57) 82.90 (76.0-87.90)
mDFS (ma) MR MR

Nakamura, et al. Nature Medicine Vol 30, 2024: 3272-3283



Take-home messages from GALAXY

* Non-randomized, observational study
* Post-op ctDNA (-) is good.
- Still associated with risk of recurrence (7% at 1 yr, 14% at 2 yr)

* Post-op ctDNA (+) predicts poor prognosis.
* If ctDNA clears with ACT, prognosis DFS approaches that of ctDNA (-)

* Lack of benefit from ACT in high-risk stage lI/lll pts with post-op
ctDNA (-)

* Median follow up of 2 years, await longer follow up



The NEW ENGLAN D
JOURNAL o MEDICINE

ESTABLISHED IN 1812 JUNE 16, 2022 VOL. 386 NO. 24

Circulating Tumor DNA Analysis Guiding Adjuvant Therapy
in Stage II Colon Cancer

Jeanne Tie, M.D., Joshua D. Cohen, M.Phil., Kamel Lahouel, Ph.D., Serigne N. Lo, Ph.D.,

Yuxuan Wang, M.D., Ph.D., Suzanne Kosmider, M.B., B.S., Rachel Wong, M.B., B.S., Jeremy Shapiro, M.B., B.S.,
Margaret Lee, M.B., B.S., Sam Harris, M.B., B.S., Adnan Khattak, M.B., B.S., Matthew Burge, M.B., B.S.,
Marion Harris, M.B., B.5., James Lynam, M.B., B.S., Louise Nott, M.B., B.S., Fiona Day, Ph.D.,

Theresa Hayes, M.B., B.S., Sue-Anne MclLachlan, M.B., B.S., Belinda Lee, M.B., B.S., Janine Ptak, M.S.,
MNatalie Silliman, B.S., Lisa Dobbyn, B.A., Maria Popoli, M.S., Ralph Hruban, M.D.,

Anne Marie Lennon, M.D., Ph.D., Nicholas Papadopoulos, Ph.D., Kenneth W. Kinzler, Ph.D., Bert Vogelstein, M.D.,
Cristian Tomasetti, Ph.D., and Peter Gibbs, M.D., for the DYNAMIC Investigators™*

ASCO

Adjuvant Chemotherapy Guided by Circulating Tumor
DNA Analysis in Stage |l Colon Cancer

The Randomized DYNAMIC Trial



Background: Stage Il Colon Cancer

* Benefit of ACT controversial in average-risk stage Il colon cancer

* ACT generally considered for pts with high-risk features
* T4
* <12 LN removed
* Perforation/obstruction
* LVI/PNI
* Poorly differentiated histology

* Can we use post-op ctDNA status to help decide which stage Il
colon cancer patients will benefit from ACT after curative surgery?



DYNAMIC Il Trial

* Phase Il, multicenter, randomized controlled non-inferiority trial
comparing ctDNA informed treatment strategy with “standard”
treatment strategy



ASCO

Adjuvant Chemotherapy Guided by Circulating Tumor
DNA Analysis in Stage Il Colon Cancer

The Randomized DYNAMIC Trial

Stage Il Plasma Collections ctDNA-Guided Management )
Endpoints

Colon Cancer Week 4 + 7 post-op
» ctDNA-Positive - Adjuvant Chemo
o Fa (oxaliplatin-based or single agent FP)

RO resection _ J Primary
ECOGO0-2 « ctDNA-Negative - Observation + RFS rate at 2 years

Staging CT within ctDNA-Positive = Positive result at week 4 and/or 7 Key Seculndary o
8 weeks * Proportion receiving

Provision of adjuvant chemo
qdequats_z tymcr Standard Management et
tissue within 4 » RFS by ctDNA status

weeks post-op Adjuvant treatment decisions based on for ctDNA-guided arm

n Lk conventional clinico-pathologic criteria TTR
colorectal cancer 0s

Stratification Factors Surveillance:
« T stage (T3 vs T4) + CEA = 3-monthly for 24M, then 6-monthly for 36M
= Type of participating center (metropolitan vs regional) + CT C/A/P = 6-monthly for 24M, then at 36M

Tie J, et al. ASCO Annual Meeting 2022 LBA 100



Recurrence-Free Survival

o
o

Median follow-up 37 months
No. of events = 43

i
!
:

=
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- ctDNA-guided management
= Standard management
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HumEers af rish

CiDNA-guided —| 294

Standard = 147

Non-inferiority confirmed:
lower bound of 95% CI
lies above -8.5%

HR (95% Cl): 0.96 (0.51, 1.82)

Difference in 2-year RFS rate +1.1%
(95% Cl for difference -4.1 Yo 6.2%
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Recurrence-Free Survival: ctDNA-Guided Management
ctDNA Negative vs Positive

7.5 % recurrence

1
2
£
é
:

=
o

CIDMA results; 4
- Negative (Observed) HR (95% Cl): 1.83 (0.79, 4.27)
- Positive (Treated)

P=0.155

24

Fallow-up time (manhs)

ctDMNA-Positive —| 45

Tie J, et al. ASCO Annual Meeting 2022 LBA 100



Recurrence-Free Survival: ctDNA-Guided Management
ctDNA, Clinical Risk and T Stage

ctDNA and Clinical Risk ctDNA and T Stage

96.7%

ek g ®
"_'_'_I 89.7%
H 185.4%
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Take-home messages from DYNAMIC I

» ctDNA-guided treatment strategy is non-inferior to “standard”
treatment strategy

* ctDNA (+) patients saw benefit from ACT

* In ctDNA-guided treatment arm, ctDNA (-) patients with high-risk
features/T4, had 14-19% risk of recurrence at 2 years

* Would these patients have benefitted from ACT?



Criticisms - DYNAMIC

* Did not examine the effect of a ctDNA-guided approach beyond
the initial decision for adjuvant chemotherapy

* Did not randomly assign the ctDNA-positive and ctDNA-negative
patients to receive treatment or no treatment, a trial design that
would have provided more definitive evidence of the effect of
treatment or lack thereof in each subgroup.

* Ultimate question - If Stage Il pts are ctDNA (-), is it safe to skip
ACT, especially for clinically high-risk pts?
* Not addressed by this study design.



nature medicine
Nature Medicine | Volume 31| December 2025 | 4291-4300

Article https://doi.org/10.1038/s41591-025-04030-w

Circulating tumor DNA-guided adjuvant
therapy inlocally advanced colon cancer:
therandomized phase 2/3 DYNAMIC-III trial




DYNAMIC I

* Multicenter, randomized, phase 2/3 trial

* Patients with stage lll colon cancer underwent ctDNA testing 5—6 weeks
post-op

* Assigned (1:1) to ctDNA-guided or standard management.
* ctDNA-guided arm:

-ctDNA (-) received de-escalated therapy

-ctDNA(+) received escalated therapy.

* Primary endpoints:
* 3-year RFS for ctDNA (-) patients
* 2-year RFS for ctDNA (+) patients



DYNAMIC I

* 968 evaluable stage Ill colon cancer patients

* 702 (72.5%) were ctDNA-negative and randomized to de-
escalation vs. standard management

» At median follow-up of 47 months:

* 3-year RFS:
* 85.3% with ctDNA-guided de-escalation
* 88.1% with standard management

* Non-inferiority NOT met (absolute difference -2.8%; 97.5% lower Cl -8.0%, narrowly
crossing the prespecified -7.5% non-inferiority margin)



DYNAMIC I

* Strong prognostic separation confirmed

* ctDNA-negative patients had markedly better 3-year RFS than ctDNA-positive
patients (87% vs. 49%,; P < 0.001).

* Substantial reduction in treatment intensity and toxicity.

* De-escalation cut oxaliplatin use from 88.6% to 34.8% and reduced treatment-
related hospitalization from 13.2% to 8.5%

* Among the 702 ctDNA (-) negative patients:
* 95 (23.5%) still recurred

. PrS(Ij\I?A\minance of lung (39%) and peritoneal (34%) relapses — sites that shed less
ct

* Some "negatives" reflect assay false negatives rather than cure



DYNAMIC Il - Conclusions

* ctDNA is validated as a strong prognostic classifier

* ctDNA-guided de-escalation reduced oxaliplatin exposure and
adverse events with outcomes approaching standard of care



Phase Il results of circulating tumor DNA as a predictive

biomarker in adjuvant chemotherapy in patients with stage
Il colon cancer: NRG-GI005 (COBRA) phase II/1ll study.

Authors: Van K. Morris, Greg_Yothers, Scott Kopetz, Shannon L. Puhalla, Peter C. Lucas, Atif Igbal, Patrick M Boland, ... SHOW ALL ..., and Thomas J.

George AUTHORS INFO & AFFILIATIONS

J Clin Oncol 42, 5(2024) = Volume 42, Number 3_suppl  DOI: 10.1200/JC0.2024.42.3 _suppl.5

Resecte@ stage IIA )olon cancer for which the physician decides no adjuvant
herapy (i.e., “suitable for active surveillance”)

* Prospective phase Il/IlI

clinical trial
* 635 pts randomized (Arm Ares A Arm 2

A:318; Arm B: 317)

Standard of care Assay-directed therapy
(active surveillance) \ j

Primary endpoint: compare

rates of ctDNA clearance
between ctDNA (+) cohorts All patients were followed with ctDNA detected ctDNA NOT detected

radiographic restaging
Jorae assessments every 6 months. | chemotherapy (MFOLFOX6 Active surveillance
rancomizaSsll or CAPOX) x 6 months

at 6 months after




Phase Il results of circulating tumor DNA as a predictive

biomarker in adjuvant chemotherapy in patients with stage
Il colon cancer: NRG-GI005 (COBRA) phase II/1ll study.

Authors: Van K. Morris, Greg_Yothers, Scott Kopetz, Shannon L. Puhalla, Peter C. Lucas, Atif Igbal, Patrick M Boland, ... SHOW ALL ..., and Thomas J.

George AUTHORS INFO & AFFILIATIONS

J Clin Oncol 42, 5(2024) » Volume 42, Number 3_suppl « DOI: 10.1200/JC0.2024.42.3_suppl.5

* Inthe first 16 pts with ctDNA detected at baseline (interim analysis),
clearance of ctDNA after 6 mos was:
 Standard therapy arm — 43% (3/7)

P=0.98
* ctDNA guided therapy arm —11% (2/9) o

* No improvement in ctDNA clearance was observed after 6 mos of
chemotherapy for pts with ctDNA detected following resection of stage
Il colon cancer.

* The phase Il endpoint was not met and further enrollment was halted.



Circulating tumor DNA (ctDNA) for informing adjuvant chemotherapy (ACT) in stage
11/111 colorectal cancer (CRC): Interim analysis of BESPOKE CRC study.

Pashtoon Murtaza Kasi, Vasily N. Aushev, Joe Ensor, Nathan Langer, Christopher Gene Wang, Timothy Lewis Cannon, Lyudmyla Derby Berim, Trevor Feinstein,
Axel Grothey, Joseph William McCollom, Sujith R. Kalmadi, Ahmed Zakari, Farshid Dayyani, Donald Gravenaor, Janelle Marie Meyer, Saima Sharif, Adham A Jurdi,

Minetta C. Liu, Alexey Aleshin, Scott Kopetz; Weill Cornell Medicine, Englander Institute of Precision Medicine, NewYork-Presbyterian Hospital, New York, NY; Natera, Inc.,
Austin, TX; Virginia Cancer Institute (QCCA), Richmond, VA; Alabama Oncology, Birmingham, AL; Inova Schar Cancer Institute, Fairfax, VA; Rutgers Cancer Institute of New
Jersey, New Brunswick, NJ; Piedmont Cancer Institue, Atlanta, GA; West Cancer Center, Germantown, TN; Parkview Cancer Institute, Fort Wayne, IN; Ironwood Cancer &
Research Centers, Chandler, AZ; Adventhealth Cancer Institute, Orlando, FL; Division of Hematology/Oncology, Department of Medicine, University of California, Irvine,
Orange, CA; Baptist Cancer Center, Memphis, TN; Oregon Oncology Specialists, Salem, OR; University of lowa, lowa City, IA; The University of Texas MD Anderson Cancer
Center, Houston, TX

Multicenter, prospective, observational study evaluating use of tumor-
informed ctDNA assay to inform treatment decisions in stage I/l CRC

1792 pts enrolled between July 2020 and Aug 2022, tumor-informed ctDNA
levels quantified post-op in the first 350 patients with stage I/1ll CRC

Following curative resection, 232 pts received ACT and 118 underwent
observation.

15.6% of pts were ctDNA + at post-op time point (Stage Il — 6.9%, Stage Il -
22.4%)

Median follow-up 24.8 months

J Clin Oncol. 2024;42 (suppl 3; abstr g).



Circulating tumor DNA (ctDNA) for informing adjuvant chemotherapy (ACT) in stage
11/111 colorectal cancer (CRC): Interim analysis of BESPOKE CRC study.

Pashtoon Murtaza Kasi, Vasily N. Aushev, Joe Ensor, Nathan Langer, Christopher Gene Wang, Timothy Lewis Cannon, Lyudmyla Derby Berim, Trevor Feinstein,
Axel Grothey, Joseph William McCollom, Sujith R. Kalmadi, Ahmed Zakari, Farshid Dayyani, Donald Gravenor, Janelle Marie Meyer, Saima Sharif, Adham A Jurdi,

Minetta C. Liu, Alexey Aleshin, Scott Kopetz; Weill Comnell Medicine, Englander Institute of Precision Medicine, NewYork-Preshyterian Hospital, New York, NY; Natera, Inc.,
Austin, TX; Virginia Cancer Institute (QCCA), Richmond, VA; Alabama Oncology, Birmingham, AL; Inova Schar Cancer Institute, Fairfax, VA, Rutgers Cancer Institute of New
Jersey, New Brunswick, NJ; Piedmont Cancer Institue, Atlanta, GA; West Cancer Center, Germantown, TN; Parkview Cancer Institute, Fort Wayne, IN; Ironwood Cancer &
Research Centers, Chandler, AZ; Adventhealth Cancer Institute, Orlando, FL; Division of Hematology/Oncology, Department of Medicine, University of California, Irvine,
Orange, CA; Baptist Cancer Center, Memphis, TN; Oregon Oncology Specialists, Salem, OR; University of lowa, lowa City, IA; The University of Texas MD Anderson Cancer
Center, Houston, TX

MRD-positivity associated with inferior DFS in stages II-1ll combined and in stage-
stratified subgroups

Within the MRD+ group, pts receiving ACT had longer DFS compared to those in the
observation group

In contrast, no benefit of ACT was observed in MRD- pts
Of the MRD+ pts, 39.1% (18/46) had ctDNA clearance at 12-weeks post-surgery.

Pts with ctDNA clearance had longer DFS compared to those who remained positive
however, had worse DFS than pts who were ctDNA- at both 4- and 12-weeks

44.4%0 (8/18) of pts with ctDNA clearance recurred - all 8 turned ctDNA+ before
radiological detection of relapse.

ctDNA results during surveillance were available for 339 pts, of whom 8.3% were
ctDNA+ and had significantly worse DFS compared to seriafly ctDNA- pts

J Clin Oncol. 2024;42 (suppl 3; abstr g).



Circulating tumor DNA (ctDNA) for informing adjuvant chemotherapy (ACT) in stage
[1/111 colorectal cancer (CRC): Interim analysis of BESPOKE CRC study.

Pashtoon Murtaza Kasi, Vasily N. Aushev, Joe Ensor, Nathan Langer, Christopher Gene Wang, Timothy Lewis Cannon, Lyudmyla Derby Berim, Trevor Feinstein,

Axel Grothey, Joseph William McCollom, Sujith R. Kalmadi, Ahmed Zakari, Farshid Dayyani, Donald Gravenor, Janelle Marie Meyer, Saima Sharif, Adham A Jurdi,
Minetta C. Liu, Alexey Aleshin, Scott Kopetz; Weill Cornell Medicine, Englander Institute of Precision Medicine, NewYork-Presbyterian Hospital, New York, NY; Natera, Inc.,
Austin, TX; Virginia Cancer Institute (QCCA), Richmond, VA; Alabama Oncology, Birmingham, AL; Inova Schar Cancer Institute, Fairfax, VA; Rutgers Cancer Institute of New
Jersey, New Brunswick, NJ; Piedmont Cancer Institue, Atlanta, GA; West Cancer Center, Germantown, TN; Parkview Cancer Institute, Fort Wayne, IN; Ironwood Cancer &
Research Centers, Chandler, AZ; Adventhealth Cancer Institute, Orlando, FL; Division of Hematology/Oncology, Department of Medicine, University of California, Irvine,
Orange, CA; Baptist Cancer Center, Memphis, TN; Oregon Oncology Specialists, Salem, OR; University of lowa, lowa City, IA; The University of Texas MD Anderson Cancer
Center, Houston, TX

* Conclusions:
» ctDNA-based MRD detection was highly prognostic of recurrence

* Significant benefit from adjuvant chemotherapy was observed in MRD+
but not in MRD- pts.

 Early ctDNA clearance in response to adjuvant therapy and ctDNA status
during surveillance were prognostic of outcomes.

J Clin Oncol. 2024;42 (suppl 3; abstr g).



Circulating tumor DNA for detection of molecular residual disease (MRD) in patients
(pts) with stage II/1ll colorectal cancer (CRC): Final analysis of the BESPOKE CRC

sub-cohort.

Purvi K. Shah, Vasily N. Aushev, Joe Ensor, Stephanie A Sanchez, Christopher Gene Wang, Timothy Lewis Cannon, Lyudmyla Derby Berim, Trevor Feinstein, Axel Grothey,
Joseph William McCollom, Sujith R. Kalmadi, Ahmed Zakari, Farshid Dayyani, Don Gravenor, Minetta C. Liu, Adham A Jurdi, Alexey Aleshin, Janelle Marie Meyer,

Saima Sharif, Scott Kopetz; Virginia Cancer Institute, Richmond, VA; Natera, Inc., Austin, TX; Alabama Oncology, Birmingham, AL; Inova Schar Cancer Institute, Fairfax, VA;
Rutgers Cancer Institute of New Jersey, New Brunswick, NJ; Piedmont Cancer Institue, Atlanta, GA; West Cancer Center and Research Institute, Germantown, TN; Parkview
Cancer Institute, Fort Wayne, IN; Ironwood Cancer & Research Centers, Chandler, AZ; AdventHealth Cancer Institute, Orlando, FL; University of California, Irvine Medical
Center, Irvine, CA; Baptist Cancer Center, Memphis, TN; Oregon Oncology Specialists, Salem, OR; University of lowa, lowa City, |A; The University of Texas MD Anderson

Cancer Center, Houston, TX

* Final analysis of 1001 patients with surgically resected stage II/IlI
colorectal cancer

* 62.4% (625/1001) received adjuvant chemotherapy

* 25.9% (115/443) stage I
* 91.3% (510/558) stage .

J Clin Oncol. 2025;43(suppl 4):15



Post-operative ctDNA positivity predicts inferior DFS
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ctDNA MRD testing is predictive of the benefit of ACT
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Sensitivity
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Circulating tumor DNA for detection of molecular residual disease (MRD) in patients
(pts) with stage II/1ll colorectal cancer (CRC): Final analysis of the BESPOKE CRC

sub-cohort.

Purvi K. Shah, Vasily N. Aushev, Joe Ensor, Stephanie A Sanchez, Christopher Gene Wang, Timothy Lewis Cannon, Lyudmyla Derby Berim, Trevor Feinstein, Axel Grothey,
Joseph William McCollom, Sujith R. Kalmadi, Ahmed Zakari, Farshid Dayyani, Don Gravenor, Minetta C. Liu, Adham A Jurdi, Alexey Aleshin, Janelle Marie Meyer,

Saima Sharif, Scott Kopetz; Virginia Cancer Institute, Richmond, VA; Natera, Inc., Austin, TX; Alabama Oncology, Birmingham, AL; Inova Schar Cancer Institute, Fairfax, VA;
Rutgers Cancer Institute of New Jersey, New Brunswick, NJ; Piedmont Cancer Institue, Atlanta, GA; West Cancer Center and Research Institute, Germantown, TN; Parkview
Cancer Institute, Fort Wayne, IN; Ironwood Cancer & Research Centers, Chandler, AZ; AdventHealth Cancer Institute, Orlando, FL; University of California, Irvine Medical
Center, Irvine, CA; Baptist Cancer Center, Memphis, TN; Oregon Oncology Specialists, Salem, OR; University of lowa, lowa City, |A; The University of Texas MD Anderson

Cancer Center, Houston, TX

* Analysis of surveillance was performed separately for pts observed
(N=368) vs. chemotherapy-treated (N=597).

* If ctDNA turned positive during surveillance, DFS was worse in both
arms:
* Observation cohort

* Stage Il - 6.8% turned ctDNA(+) [HR=34.9; p<0.0001]
 Stage lll —33.3% turned ctDNA (+) [HR=34.1; p=0.0008]

* Chemotherapy cohort:
* Stage Il —10.9% turned ctDNA (+) [HR=131.4; p<0.0001]
* Stage lll - 21.1% turned ctDNA (+) [HR=54.6; p<0.0001]

J Clin Oncol. 2025;43(suppl 4):15



Circulating tumor DNA for detection of molecular residual disease (MRD) in patients
(pts) with stage II/1ll colorectal cancer (CRC): Final analysis of the BESPOKE CRC

sub-cohort.

Purvi K. Shah, Vasily N. Aushev, Joe Ensor, Stephanie A Sanchez, Christopher Gene Wang, Timothy Lewis Cannon, Lyudmyla Derby Berim, Trevor Feinstein, Axel Grothey,
Joseph William McCollom, Sujith R. Kalmadi, Ahmed Zakari, Farshid Dayyani, Don Gravenor, Minetta C. Liu, Adham A Jurdi, Alexey Aleshin, Janelle Marie Meyer,

Saima Sharif, Scott Kopetz; Virginia Cancer Institute, Richmond, VA; Natera, Inc., Austin, TX; Alabama Oncology, Birmingham, AL; Inova Schar Cancer Institute, Fairfax, VA;
Rutgers Cancer Institute of New Jersey, New Brunswick, NJ; Piedmont Cancer Institue, Atlanta, GA; West Cancer Center and Research Institute, Germantown, TN; Parkview
Cancer Institute, Fort Wayne, IN; Ironwood Cancer & Research Centers, Chandler, AZ; AdventHealth Cancer Institute, Orlando, FL; University of California, Irvine Medical
Center, Irvine, CA; Baptist Cancer Center, Memphis, TN; Oregon Oncology Specialists, Salem, OR; University of lowa, lowa City, |A; The University of Texas MD Anderson

Cancer Center, Houston, TX

* ctDNA clearance was associated with superior DFS.
* Clearance by month 3= HR 0.43 (95% Cl, 0.29-0.64; P <.0001)
* Clearance by month 6 =HR 0.31 (95% Cl, 0.19-0.52; P <.0001).

J Clin Oncol. 2025;43(suppl 4):15



Take-home messages from BESPOKE-CRC

* Observational study

 ctDNA positivity was highly prognostic of DFS within in a subset of stages
-1l colorectal cancer patients

* Patients who were ctDNA (+) in MRD window had high risk of recurrence
* MRD+ patients who received ACT saw a benefit

* In ctDNA (-) patients there was still a recurrence rate of ~10%
* ctDNA clearance after ACT resulted in better DFS

* In patients who turned ctDNA(+) during surveillance, prognosis was worse,
even in those who received ACT

» ctDNA less specific for pulmonary, peritoneal, & local recurrences

* Question remains: For high-risk patient Stage Il and Stage Il ctDNA (-)
patients, do we feel comfortable not offering ACT?



CIRCULATE-NORTH AMERICA
(NRG GIl-008) Trial

* Phase lI/lll multi-center trial RCT
* Stage 1B, IIC, or lll colon cancer

* ctDNA positive patients randomized to mFOLFOX6 or CAPOX vs
mMFOLFIRINOX x 6 months

* ctDNA negative patients randomized to mFOLFOX®6 (3-6 months)
or CAPOX ( 3 months) vs no treatment/serial ctDNA monitoring

* Enrollment started June 2022
* Target enrollment — 1912 patients

clinicaltrials.gov/show/NCTo5174169
Lieu et al. JClin Oncol 42, TPS243(2024)



ANNALSOF
ONCOLOGY Siussgyw

ORIGINAL ARTICLE

Chemotherapy for patients with circulating tumour DNA-positive, stage |l
colon cancer (CIRCULATE)—an AIO/ABCSG trial

G. Folprecht®’, S. Stasik®, A. Reinacher-Schick®-, L. Weiss™®, E. Goekkurt’?, L. Jacobasch®, L. Conradi®, A. Kriicher®,
R.-D. Hofheinz'®, R. Liersch'', U. M. Martens®?, J. Chater®, M. Fuchs'®, J. U. Riera Knorrenschild®®, J. Schubert®®,
A. Klimova'™-'%, L. Reinhardt, C. Sperling?, ). von Tresckow®*, 1. Weitz*®, D. E. Aust®®, A. Tannapfel®*-*,

J. Christmann®?'" & C. Thiede?’




Tumour-informed ctDNA test

Colon cancer stage |, after surgery

ctDNA-negative patients ctDNA-positive patients
(N=1,355) (N=41)

Randomisation 4:1 Randomisation 1:2

OFF-STUDY OBSERVATION OBSERVATION CHEMO
(N=1083) (N=272) (N=15) (N=26)

Per-protocol 3-y DFS: 87% 3-y DFS: 38% 3-y DFS: 77%"
analysis:

HR 6.32 HR 0.31
P <0.001 P =0.021

*5 patients randomised to CHEMO were not treated and excluded from the per-protocol
analysis

Folprecht. Ann Oncol 2026: 37(8);1120-32.
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* Multiple other trials currently recruiting patients loo
ctDNA to inform decisions regarding adjuvant thera
nonmetastatic colon cancer, including therapeutic a

King at use of
oy for

oproaches in

patients who remain ctDNA (+) after completing standard adjuvant

therapy
* NCT03803553 - FOLFIRI or Nivolumab vs observation for

persistent ctDNA

(+) after surgery and standard ACT in stage Ill MSI-H colon cancer

* NCT03832569 - Pembrolizumab vs placebo for persistent

ctDNA (+) after

surgery and standard ACT in non-metastatic MSI-H colon cancer



ctDNA and Rectal Cancer “Watch & Wait”

* Many studies have shown:

* ctDNA can predict response to TNT for locally advanced rectal cancer
* patients who are ctDNA (+) after TNT have higher risk of recurrence after surgery

* |s there a role for routine use of ctDNA monitoring in patients with
complete clinical response after TNT who are in a watch and wait
protocol?

* How do we manage patient with CCR but is ctDNA (+)

* How do we manage patient with CCR who is ctDNA (-) but turns ctDNA (+) during
watch and wait if flex sig & imaging show no clear recurrence?

* Local recurrence vs distant?



& & cancers

Article
Circulating Tumor DNA Detects Minimal Residual Disease in
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* Single-institution retrospective case series

* Locally-advanced rectal cancer patients treated with TNT with CCR
from 2019 to 2023 (n=28)

* ctDNA testing used as an adjunct to standard clinical response
assessments.

* g patients ctDNA (+) — 6 required surgery for residual disease (4
TME, 2 local excision)

* 19 patients ctDNA (-) - 4 required surgery for residual disease (all
TME)
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Retrospective study, 220 patients with locally advanced rectal cancer

148 (67.3%) underwent neoadjuvant treatment (TNT or CRT) followed by surgery

72 (32.7%) underwent neoadjuvant treatment followed by non-operative management (NOM)
ctDNA assay (Signatera™) obtained at discretion of ordering physician

In the surgery cohort, ctDNA positivity at the post-operative MRD timepoint was a strong
predictor of recurrence, with an 88.3% relapse rate compared to 11.5% in ctDNA-negative
patients (p < 0.001).
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Among the 64 NOM patients with post-neoadjuvant treatment ctDNA, 21.9% (14/64) were
ctDNA-positive

* 100% (14/14) relapsed (23 local, 1 distant)

Only 10% (5/50) of the ctDNA-negative NOM patients experienced local recurrence (p <
0.0001).

ctDNA positivity post-NAT was associated with inferior DFS (p = 0.003).

Conclusion: ctDNA was a strong predictor of recurrence in rectal cancer, includingin NOM
settings. In NOM patients, ctDNA detected recurrences, highlighting its potential to guide
post-NAT surveillance and treatment.



ctDNA Longitudinal Analysis during Total Neoadjuvant
Therapy and Nonoperative Management for Locally
Advanced Rectal Cancer: A Biomarker Study from the

NOMINATE Trnial

Takashi Akiyoshi™, Eiji Shinozaki®>, Yusuke Maeda®, Senzo Taguchi®, Akiko Chino®®, )
Yutaka Hanaoka®, Shigeo T-::uda“,_ Shuichiro Matoba®, Antony Tin’, Enk Eplck:ard"', Tetsuro Tc:r]"nnaga"',
Kohei Shigeta®, Koji Okabayashi®, Shimpei Matsui™*, Toshiki Mukai'~, Tomohiro Yamaguchi™,

: es

Hiroki Osumi™, Adham Jurdi’, Minetta C. Liu’, Naoki Miyazaki™, and Kensei Yamaguchi™

* Prospective, multicenter randomized phase Il study of patients
with stage Il/lll locally advanced rectal cancer (LARC), evaluating
association between ctDNA status during TNT and NOM and
clinical outcomes

* Companion analysis of NOMINATE trial (comparing 2 TNT regimens within
framework of NOM of LARC)

Clin Cancer Res: 31{24) December 15, 20




Initial 65 patients who wene enrolled in the
NOMINATE trial

Failed histology SCin=1) |4—

Subjected to whole-exome sequencing (it = 63)

Failed sequencing OC in=1) |4+—

Included in the outcoms cohort (n = 64}
412 Samples with ctDiNA

i cCRmear cCR

Surgery recommended (» = 34) MOM recommended {m = 25)
Underwett TME (n = 37} Developed local regreath {n = 5)
Underwett TAE + LLMD {n = 1) Undaryent TAE (n= 1}
Declined surgery {n = 1} Undarwent TME (& = 4)

200 Samples with ciDNA 212 Samples with ctDMNA

To — pre-treatment
T1—interim evaluation
T2 —interim evaluation
T3 —final re-staging

T4 — after surgery or NOM

Baseline ctDNA detection - 98.4%

* Decreasedto32% atT1, 15% at T2, 30%
atT3,and 5% at T4

2g|gatients achieving cCR or near-
C

with NOM, ctDNA clearance =
100% atT2to 'Il4

39 non-cCR patients - lower clearance
rates (75% at T2 and 51% at T3)

ctDNA (+]2 at T3 had 100% specificity
and PPV for pathologic residual

disease and was associated with
shorter DFS (HR = 6.7, P = 0.005).

Local regrowth occurred in 5 NOM
patients, with ctDNA detected in two
during surveillance.

CONCLUSION —Highlights potential
of ctDNA as Bredictlve/%rognostic
biomarker BUT modest sensitivity

highlights need for technological
Improvements
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Establishing a ctDNA Biomarker to Improve Organ Preserving Strategies in Patients With Rectal
Cancer

ClinicalTrials.gov ID @ NCT05081024

Sponsor @ OHSU Knight Cancer Institute

Information provided by @ Adel Kardosh M.D., Ph.D., OHSU Knight Cancer Institute (Responsible Party)

Last Update Posted @ 2025-09-25




* ctDNA for MRD is not FDA approved for routine clinical use in
colon cancer

* “Breakthrough device designation” granted for the Haystack
MRD® test (Quest Diagnostics) in Aug 2025 (tumor-informed
ctDNA assay)



Minimal Residual Disease Testing for the Early Detection of Cancer Recurrence in Resectable Stage
[I-1V Colorectal Cancer Patients

ClinicalTrials.gov ID @ NCT07125729

Sponsor @ City of Hope Medical Center

* Primary objective: Compare the clinical performance of the Haystack
MRD test and the Signatera® test in patients with stage II-IV CRC
patients treated with curative intent surgery with or without adjuvant
therapy.

* Secondary objective: Calculate the lead time (months) of recurrence
detection by the Haystack MRD test in curatively resected colorectal
cancer patients to 1) radiological recurrence time 2) Signatera® test
positivity.

 *** Patients with TNT for rectal cancer and CCR with plans of watchful
waiting may also be enrolled as long as there is adequate tissue from

prior endoscopic biopsies to allow for Signatera® and Haystack MRD
assays
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PATHOLOGIC STAGE SURVEILLANCEP
* Colonoscopy? at 1 y after surgery
Stage | * | » If advanced adenoma, repeatini1y
» If no advanced adenoma, repeat in 3 y, then every 5 y99
* History and physical examination every 3-6 mo for 2 y, then every 6
mo tnr atotalof 5y
- CEAPP every 3-6 mo for 2 y, then every 6 mo for a total of 5 y
* C/IA/P CT every 6—12 mo (category 2B for frequency <12 mo) from
date of surgery for a total of 5 y
Stage II, llI®® ———— = |« Colonoscopy® in 1 y after surgery except if no complete
preoperative colonoscopy, then colonoscopy in 3—-6 mo
» If advanced adenoma, repeatin1y Serial CEA
» If no advanced adenoma,ﬂ repeat in 3 y, then every 5 y98 elevation or Workup and
* FDG-PET/CT is not indicated documented treatment (COL-9)
* Principles of Survivorship (COL-H) recurrence

* History and physical examination every 3-6 mo for 2 y, then every 6
mo tnr atotalofS5y

« CEAMM every 3-6 mo x 2 y, then every 6 mo for a total of 5y

* C/IA/P CT every 3—6 mo (category 2B for frequency <6 mo) x 2 y,
then every 6-12 mo for a total of 5 y

* Colonoscopy®' in 1 y after surgery except if no complete
preoperative colonoscopy, then colonoscopy in 3—-6 mo
» If advanced adenoma, repeatin1y
» If no advanced adenoma,"” repeat in 3 y, then every 5 y99

* FDG-PET/CT is not indicated

* Principles of Survivorship (COL-H)

Stage IV

L J

aAll patients wrth mlon cancer should be counseled for family history and considered for risk assessment. For patients with suspected LS, FAP, and attenuated FAP, see
Z [Familial High-Risk Assessment: Colorectal, Endometrial. and Gastric.

- g splama

99 Kﬂhl CJ et al. Gastroenterulogy 2016 150:758-768.

hh ¢ pahent is a potential candidate for further intervention.

i |n patients with stage 1V disease managed nonoperatively with complete clinical response, initiate colonoscopy surveillance from first documentation of complete
response.

Note: All recommendations are category 2A unless otherwise indicated.

COL-8
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PRINCIPLES OF NONOPERATIVE MANAGEMENT

To provide nonoperative management (NOM) for patients with rectal cancer, the multidisciplinary team's diagnostic skills are crucial. They must
accurately assess clinical, radiologic, and pathologic findings, determining patient eligibility for NOM and closely monitoring progress. The team's
expertise extends to tracking treatment responses, identifying surgical needs promptly, and adjusting the management plan as necessary. Additionally,
the team should maintain a comprehensive understanding of the watchful waiting literature and surveillance methodology, adeptly treating patients with
complete or near-complete clinical responses and regularly monitoring for potential tumor recurrence or progression. Given this, NOM is recommended

only at centers with experienced multidisciplinary teams and for patients committed to intensive surveillance.

Criteria for Complete Clinical Response
+ High-definition flexible endoscopy’
¥ Pale smooth scar with or without telangiectasia
¥ No ulceration, nodularity, or mucosal irreqularities
¥ No stricture
+ DRE’
» Smooth, flat scar
» No nodularity
+ Diffusion-weighted MRIZ
» Fibrotic, linear scar with low signal intensity on T2-weighted images
» No diffusion restriction
¥ No suspicious lymph nodes
+ All of the criteria must be satisfied in order to define a complete clinical
response

+ Bi g itaria are met®*
+ ctDNA has no proven role in the NOM of patients

Timing of Assessment for Complete Clinical Response

+ For patients treated with chemotherapy first followed by radiation
(induction chematherapy), assessment should be performed no earlier
than 8 weeks after completion of radiotherapy to allow time for delayed
response to radiation.”

* For patients treated with radiation first followed by chemotherapy

(consolidation chemotherapy), assessment should be completed within a

month of completion of chemotherapy.

Note: All recommendations are category 2A unless otherwise indicated.

Wersion 2.2028, 040726 & 2028 National Comprehensive Cancer Netaark® (RGCH®), All rights reserved. NMCCN Guidalines® and this illustration may nat be reproduced inany form withoul the express witten permission of NGCH.

Near Complete Response®’

» If the patient has had a nCR and wishes to avoid surgery, then an
additional 8 weeks of cbservation followed by reassessment can be
considered.

» An nCR is defined by:

¢ Smooth induration or superficial minor mucosal irregularity on DRE

¢ Endoscopic appearance with irregular small mucosal nodules,
superficial ulceration, or mild persistent erythema

& T2-weighted MRI with downstaging with or without residual fibrosis,
small area of residual signal, and complete or partial regression of
lymph nodes

{ Diffusion-weighted MRI with small area of residual high signal
intensity

Indications for Surgery

» Radical surgery is indicated for patients who do not ultimately achieve a
complete clinical response based on the above criteria or patients who
have tumor regrowth after a clinical response.

» If residual tumor or regrowth is suspected at the time of assessment, it is
not necessary to perform biopsies. False- -negative biopsies are common
in this scenario and a hlgﬁh degree of suspicion for tumor is sufficient as
an indication for surgery.

References




Conclusions

» ctDNA (-) after surgery predicts improved survival
* BUT recurrences DO occur

» ctDNA (+) after surgery probably benefits from ACT

* ctDNA (-) after surgery probably do not benefit from ACT

* ctDNA clearance after ACT predicts improved survival

* Unclear which high risk Stage Il & Il ctDNA (-) patients will benefit from ACT
» ctDNA-guided strategy may allow for reduction in chemotherapy

* In patients who turn ctDNA(+) during surveillance, prognosis is worse
 Unclear what to do for patients who remain ctDNA+ after standard ACT

* ctDNA less specific for pulmonary, peritoneal, and local recurrences

* Role of ctDNA in rectal cancer watch and wait not defined

* Routine ctDNA monitoring for surveillance or rectal cancer NOM not
recommended by NCCN
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