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Minimal Residual Disease using a Plasma-Only Circulating

Tumor DNA Assay to Predict Recurrence of Metastatic

Check for
updates

Colorectal Cancer Following Curative Intent Treatment

Aparna R. Parikh', Bryant H. Chee?, Jill Tsai®, Thereasa A. Rich?, Kristin S. Price®, Sonia A. Patel®,
Li Zhang®*®, Faaiz Ibrahim?, Mikaela Esquivel?, Emily E. Van Seventer®, Joy X. Jarnagin',
Victoria M. Raymond', Carlos U. Corvera®’, Kenzo Hirose®’, Eric K. Nakakura®’,

Ryan B. Corcoran', Katherine Van Loon?®, and Chloe E. Atreya®®

ABSTRA

Purpose: Minimal residual disease (MRD) detection can iden-
tify the recurrence in patients with colorectal cancer (CRC) fol-
lowing definitive treatment. We evaluated a plasma-only MRD
assay to predict recurrence and survival in patients with metastatic
CRC who underwent curative intent procedures (surgery and/or
radiotherapy), with or without (neo)adjuvant chemotherapy. The
primary objective of this study was to assess the correlation of
postprocedure tumor cell-free DNA detection status with radio-
graphic disease recurrence.

Experimental Design: Preprocedure and postprocedure lon-
gitudinal samples were collected from 53 patients and analyzed
with a multiomic MRD assay detecting circulating tumor DNA
(ctDNA) from genomic and epigenomic signals. Preprocedure
and postprocedure ctDNA detection correlated with recurrence-
free and overall survival (OS).

Results: From 52 patients, 230/233 samples were successfully
analyzed. At the time of data cutoff, 36 (69.2%) patients recurred

Introduction

Colorectal cancer (CRC) is the third most common cancer and
the second leading cause of cancer death in the world (1). With the
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with median follow-up of 31 months. Detectable ctDNA was
observed in 19/42 patients (45.2%) with ctDNA analyzed 3 weeks
postprocedure. ctDNA detection 3 weeks postprocedure was as-
sociated with shorter median recurrence-free survival (RFS; HR,
5.27; 95% CI, 2.31-12.0; P < 0.0001) and OS (HR, 12.83; 95% CI,
3.6-45.9; P < 0.0001). Preprocedure ctDNA detection status
was not associated with RFS but was associated with improved
OS (HR, 4.65; 95% CI, 1.4-15.2; P = 0.0111). Undetectable
ctDNA preprocedure had notable long-term OS, >90% 3 years
postprocedure.

Conclusions: In this cohort of oligometastatic CRC, detection
of ctDNA preprocedure or postprocedure was associated with
inferior outcomes even after accounting for known prognostic
clinicopathologic variables. This suggests ctDNA may enhance
current risk stratification methods helping the evaluation of novel
treatments and surveillance strategies toward improving patient
outcomes.

advancement of surgical and radiotherapy techniques, approxi-
mately 20% of patients with recurrent or metastatic CRC (mCRC)
undergo procedures with curative intent, e.g., definitive surgery
and/or radiotherapy, aimed to render the patient with no evidence
of disease radiographically (2). Approximately 30% of such patients
undergoing curative intent procedures will be alive for 10 years
postprocedure. The recurrence rate in this population is ~70% (3),
and it is not clear that adjuvant chemotherapy (ACT) improves
outcomes after definitive surgery and/or radiotherapy (4-7).

Perioperative chemotherapy may be offered to patients under-
going lung or liver resection to treat potential micrometastatic
disease beyond the resected metastasis (7). A meta-analysis found
that perioperative chemotherapy improved disease-free survival
(DEFS), but not overall survival (OS) in 1,896 patients undergoing
liver resection (8). Surveillance is recommended following a curative
intent strategy with the goal of detecting recurrence early enough to
offer additional curative intent therapy (9, 10). Despite this, the
existing tools to predict recurrence risk are imprecise. Carcinoem-
bryonic antigen (CEA) is a widely used serum biomarker to assess
individual risk (11, 12). However, not all CRC cases produce CEA
(13, 14), and CEA elevation is not sensitive or specific for the
presence of micrometastatic disease (15). A more precise biomarker
is needed to detect occult mCRC prior to clinical recurrence, as
early detection and intervention may offer patients an opportunity
for cure.

Circulating tumor DNA (ctDNA) analysis is an established tool
for advanced-stage cancer to identify genomic drivers and resistance
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Translational Relevance

Oligometastatic colorectal cancer (CRC) is potentially curable,
yet patient outcomes are suboptimal with a high rate of recur-
rence. Commonly used biomarkers, such as carcinoembryonic
antigen, are not sufficient to accurately predict recurrence prior to
radiographic detection. Early identification of minimal residual
disease (MRD) through circulating tumor DNA (ctDNA) analysis
might afford better risk stratification to identify patients who may
or may not benefit from additional treatment. Here, we evaluate a
plasma-only ctDNA-based MRD assay as a prognostic tool by
analyzing precurative and postcurative intent procedure samples
collected at structured time points. This assay demonstrated a high
positive predictive value for recurrence with >6 months lead time
when compared with the standard radiographic imaging. Post-
procedure ctDNA-negative patients who developed recurrence
demonstrated a longer overall survival than ctDNA-positive pa-
tients. In a multivariable analysis, ctDNA was the only clinical
variable evaluated to demonstrate statistical association with re-
currence. These data support the feasibility and potential clinical
utility of ctDNA assays to predict patient outcomes following
curative intent therapy in oligometastatic CRC.

alterations for therapeutic decision-making without the need for
tumor tissue (16-18). More recently, newer methods of ctDNA
analysis have been developed for use in early-stage CRC to detect
evidence of residual disease after curative intent treatment and to
predict recurrence (19-26). Multiple studies have shown that
detection of ctDNA following definitive treatment is prognostic
and may provide a tool to identify patients at high-risk for
recurrence with better sensitivity, specificity, and lead time than
current surveillance modalities (27-31). Most of these studies
utilized assays that require a priori analysis of tumor tissue to
inform ctDNA detection in plasma. The need for prior tissue
analysis may be logistically challenging in oligometastatic CRC,
particularly among patients undergoing nonsurgical procedures or
for those receiving neoadjuvant treatment.

The purpose of the present study was to evaluate a plasma-
only ctDNA assay incorporating both genomic and epigenomic
signatures to determine the ctDNA detection rate after a curative
intent procedure in patients with mCRC and associated with
longitudinal postprocedure ctDNA detection with radiographic
disease recurrence.

Materials and Methods

Study population

Adult patients with mCRC planning to undergo curative intent
surgery and/or radiotherapy were prospectively recruited at the Uni-
versity of California, San Francisco (UCSF) and Massachusetts General
Hospital from February 2017 until May 2018. Patients were eligible if
they had radiographic evidence of metastatic disease confined to the
liver, lungs, and/or ovaries. Patients with a known second primary
cancer in addition to CRC were excluded. This study retrospectively
analyzed ctDNA. Physicians were not informed of the ctDNA results.
The study protocol was approved by the respective Institutional Re-
view Boards and was conducted in accordance with the Declaration of
Helsinki. All patients provided written informed consent.

AACRJournals.org
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Patients received standard-of-care (SOC) treatment as deter-
mined by the treating multidisciplinary oncology teams. Protocol-
mandated surveillance included cross-sectional imaging of the chest,
abdomen, and pelvis beginning at 10 weeks postprocedure. This was
repeated every 12 weeks (+4 weeks) in years 1 to 2 and every
24 weeks in years 3 to 5. CEA was assessed at the same intervals if
elevated preprocedure. Elevated CEA was defined as >5 ng/mL
based on a reference range [Abbott ARCHITECT i1000sr System
(RRID:SCR_019328)]. Clinicopathological, treatment, and clinical
outcome data were abstracted from the electronic health record.

Sample collection and ctDNA testing methodology

Peripheral blood was collected in three 10-mL Streck tubes pre-
procedure, approximately 3 and 10 weeks postprocedure, and then
longitudinally every 12 to 24 weeks for up to 5 years (Supplementary
Fig. S1). Research blood draws were intended to occur in con-
junction with SOC follow-up visits, with concurrent CEA testing
when indicated. The “primary” collection time point was drawn
approximately 3 weeks postprocedure. Patients were included in the
longitudinal analysis if they had two or more postprocedure sam-
ples. In this analysis, patients were categorized as ctDNA positive if
they had one or more ctDNA positive postprocedure results and
ctDNA negative if all postprocedure ctDNA results were negative.

De-identified samples were shipped to a single site (Guardant
Health) for analysis. As per methods described previously, cell-free
DNA (cfDNA) was extracted from plasma using the Qiagen circu-
lating nucleic acid kit (32). Extracted cfDNA was analyzed with the
Guardant Reveal assay (ref. 21; version L1.2) according to previously
described methods (21). Briefly, cfDNA fragments were partitioned
based on extent of methylation, enriched using a ~500 kb panel that
targets informative genomic and epigenomic regions, barcoded, and
pooled for sequencing. Raw data from sequencing data files were
analyzed with a proprietary bioinformatic variant classifier to
identify common clonal driver mutations (SNVs and Indels) as well
as differential methylation patterns consistent with CRC. The assay
returned a binary result of “ctDNA detected” or “ctDNA not de-
tected” based on predefined thresholds. The classifier is designed to
exclude nontumor-derived variants (e.g., clonal hematopoiesis)
without the need for additional sequencing of tissue samples or
peripheral blood cells. For this study, ctDNA analysis was per-
formed retrospectively and blinded to the clinical outcome data.
Neither the treating physicians nor patients were informed of the
results of the ctDNA analysis.

Statistical analysis

The primary objective of this study was to assess the 3-week
postprocedure ctDNA detection rate in patients with oligometastatic
CRC being treated with curative intent surgery and/or radiotherapy.
Secondary objectives were to evaluate preprocedure and post-
procedure ctDNA detection status and CEA elevation status with
recurrence, including sensitivity, specificity, positive and negative
predictive value, recurrence-free survival (RFS), and OS. RFS was
measured from the day of the curative intent procedure to the first
radiographic recurrence or death from CRC. Patients were censored
at the date of last follow-up or non-CRC-related death. OS was
measured from the day of the curative intent procedure to death
from any cause; patients were censored at the date of last follow-up.
The data cutoff date was January 15, 2022. The Kaplan-Meier
method was used to estimate RFS and OS outcomes.

A multivariable analysis was performed with a Cox regression
analysis to analyze the association of ctDNA detection and other
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Table 1. Demographics, clinicopathologic, and procedure-related features of study participants.

Clinicopathologic and procedure-related variables (N = 53)

Age

Age at diagnosis, median (range) 56 (39-75)
Gender, n (%)

Female 31 58%

Male 22 42%
Race, n (%)

White 38 72%

Asian 7 13%

Other 8 15%
Ethnicity, n (%)

Hispanic/Latino 8 15%

Other 45 85%
Primary site, n (%)

Ascending colon 16 30%

Transverse colon 2 4%

Descending colon 22 N%

Rectum 13 25%
Differentiation, n (%)

Well/moderately 48 91%

Poor/undifferentiated 4 7%

Unknown 1 2%
M staging at diagnosis, n (%)

MO (metachronous metastases) 19 36%

M1 (synchronous metastases) 34 64%

Months between diagnosis and procedure, mean (SD) 20.5 19.5
Procedure type, n (%)

Surgery 47 89%

Radiation 5 9%

Surgery and radiation 1 2%
Curative intent procedure, n (%)

Liver 31 58%

Liver + colon 13 25%

Lung 8 15%

Ovaries + colon 1 2%
Prior treatment %

Chemotherapy 96%
Relevant genomics, n (total n reported)

RAS mutated 21 42

BRAF V600E 0 28

MSI-H detected 0 48
Elevated CEA at baseline®

N elevated (%) 22 42%

Median (ng/mL) 9.6

Range (ng/m L) (5.2-531.)

SD (ng/m L) 0.7

2CEA was not consistently collected in 58% of the patients (30/52) because it was not elevated at baseline.

Abbreviation: MSI-H, microsatellite instability.

clinicopathologic prognostic factors with RFS in patients available for
analysis at a 3-week postprocedure (“primary”) time point. Clinico-
pathologic variables included gender, location of the primary tumor
(ascending or descending colon), administration of predefinitive or
postdefinitive chemotherapy, metastatic lesion size (measured radio-
graphically preprocedure as the sum of the tumor diameter of all
target lesions), and age. CEA elevation could not be evaluated in the
multivariable analysis due to the high rate of missing CEA data as, per
protocol, CEA was not routinely collected if it was not elevated at
diagnosis—applicable to 30/52 (57.7%) patients included in this study.
Thus, to supplement the multivariable analysis, a univariate Cox
proportional hazards model was conducted to evaluate the relation-
ship between RFS and CEA elevation status at 3 weeks postprocedure
in patients with CEA available. A second univariate analysis was
conducted to explore associations between preprocedure ctDNA de-
tection and the following clinical variables: lesion size (maximum
diameter), time between end of neoadjuvant chemotherapy treatment
and curative intent procedure, metastatic disease site, preprocedure
CEA, and Fong Clinical Risk Score (14) by chi-square test (for cate-
gorical variables) or Wilcoxon rank-sum test (for continuous vari-
ables). Statistical analyses were performed using R (version 4.0.5),
Graphpad PRISM (version 9.0 for Windows, GraphPad Software),
and SAS software package 9.4 (SAS Institute). Statistical significance
was declared as P value <0.05 and no multiple testing adjustments
were performed.

Data availability

All relevant data are provided within the article and the accom-
panying Supplementary Data. Because of Health Insurance Porta-
bility and Accountability Act (HIPAA) requirements, we are not
consented to share individualized patient data, which contains

2966 Clin Cancer Res; 30(14) July 15, 2024

potentially identifying or sensitive patient information. We are
committed to collaborative data analysis, and more information and
mechanisms for data access can be obtained by contacting the
corresponding authors.

Results

This study enrolled 53 microsatellite stable patients between
February 2017 and May 2018. Demographics and baseline clini-
copathologic features are available in Table 1. Patients received
surgical resection (88.7%), radiotherapy (9.4%), or both (1.9%) as
their curative intent therapy. One patient was excluded after the
procedure was deemed to be noncurative due to the presence of
unresectable disease. Of the remaining 52 patients, 84.6% received
neoadjuvant chemotherapy and 32.7% of patients received both
neoadjuvant and adjuvant chemotherapy. No patients received
only ACT. The median follow-up was 36.1 months (range 4.9-
59.6 months). This was based on 51 patients as one patient was
lost at follow up. At the time of data cut-off, recurrences were
detected in 69.2% of patients (36/52) and 25% (13/52) were
deceased.

In total, 233 samples from the 52 eligible patients were collected
and analyzed, including 47 preprocedure, 42 primary postprocedure
(i.e., 3 weeks postprocedure), and 143 samples collected after the
3-week postprocedure time point (Fig. 1). Three samples (1.3%;
including one primary and two longitudinal) failed ctDNA analysis.
Fourteen patients had chemotherapy following their 3-week time
point collection. Patient de-identified record IDs are listed alongside
the respective analyses in Supplementary Table S1. A swimmer plot
outlining the treatment course and ctDNA results are listed by
patient ID in Fig. 2.

CLINICAL CANCER RESEARCH
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52 pts evaluable
Initially (N = 563), but 1 patient was excluded
due to unresectable disease at surgery

233 blood collection samples
Time points per patient: median 4 (range 1-11)
Sample analysis failure rate: 1.3% (3/233)

5 patients did not
have ctDNA 6 patients did not
collected at have ctDNA
time point A y collected at
h time point
47 pts with pre- 46 pts with post-
procedure ctDNA procedure ctDNA
collection collection
J
\4 \4
57% ctDNA+ 43% ctDNA-
70% PPV 35% NPV
9 patients did not
4 patients did not il have 22 fl:tDNA
have ctDNA \ sampies
collected at 42 pts included in 37 pts included in
primary time point primary ctDNA longitudinal ctDNA
analysis analysis
A 4 \4 A 4
45% ctDNA+ 55% ctDNA- 59% ctDNA+ 41% ctDNA-
95% PPV 44% NPV 91% PPV 73% NPV

I Clinical scenarios to be addressed by ctDNA analysis I

v

v

v

Potential to guide
ACT decisions
46 pts

ctDNA changes with ACT
9 patients / 18 samples

Longitudinal monitoring of
ctDNA
37 pts

Figure 1.

CONSORT flow diagram. Diagram depicts patient enroliment, exclusions, the number of patients included in the primary and longitudinal analyses, and the
number of ctDNA-positive vs. ctDNA-negative results. NPV, negative predictive value; PPV, positive predictive value.

Primary postprocedure ctDNA status predicts RFS and OS

A total of 19 patients had ctDNA detected at the primary time
point, of whom 18 subsequently developed recurrent disease (PPV
94.7%; Fig. 3A). In contrast, 13/23 patients with ctDNA not detected
recurred (NPV 10/23; 43.5%). ctDNA detection was associated with
significantly shorter RFS (median 6.6 vs. 27.3 months; P < 0.0001) and
OS (median 45.6 months vs. not reached; P < 0.0001) compared to

AACRJournals.org

ctDNA-negative patients (Fig. 3B and C). The median follow up time
for ctDNA-negative patients was 45.3 months (range 23.6-56.9
months).

The sensitivity of ctDNA analysis at the primary time point was
58.1% (18/31) for any future recurrence (Fig. 3A) and 77.3% (17/22)
for recurrences that happened within 1 year of the procedure. The
specificity of ctDNA analysis at the primary time point was 90.9%

Clin Cancer Res; 30(14) July 15, 2024 2967
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| Relapse
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Swimmer plot describing the treatment course and ctDNA results by patient ID (N = 52). Time at O year denotes the time of curative intent procedure. Neoadjuvant
course only shown for patients with treatment within 3 months of curative intent procedure. Dotted lines around neoadjuvant data points represent —1.5 and
—3 months before procedure. Record IDs with an asterisk (*) indicate patients who received radiation as their curative intent procure. All other patients received

curative intent surgery.

(10/11). Patient ID 11 had ctDNA detected at the primary time
point and did not recur. They appear to have cleared ctDNA with
subsequent postprocedure chemotherapy (Fig. 2). Interestingly, all
the 23 patients with undetectable ctDNA at the primary time point
were still alive at the end of the study period after a median follow-
up of 45.3 months, including all 13 who developed recurrent disease
(median follow-up of 37.1 months; Fig. 3C). In contrast, only 42.1%
(8/19) of ctDNA-positive patients were still alive at the end of the
study period (median follow-up of 35.1 months). To evaluate the
association of ctDNA and other clinicopathological factors with
RFS, a multivariable analysis was conducted. ctDNA status at the
primary time point was the only clinicopathological factor evaluated
that was significantly associated with RFS (P < 0.001; Fig. 4). The
demographics, clinicopathologic features, and procedure-related
features of study participants in this primary time point analysis are
outlined in Supplementary Table S2.

Longitudinal ctDNA analysis improves sensitivity to detect
relapse

Thirty-seven patients had at least two postprocedure samples (in-
cluding the 3-week time point where available) and were included in
the longitudinal analysis, 24 of whom had recurrence. The longitu-
dinal analysis evaluated 174 total samples (median of 4 per patient,
range 2-9), 30 (17.2%) of which were collected prior to ACT com-
pletion, and 144 of which were collected following all treatment.
Among the 37 patients included in the longitudinal analysis, 16 were
positive at the 3-week primary time point and 6 became positive at a
later time point at a median of 7.0 months (range 5.1-13.9 months).

2968 Clin Cancer Res; 30(14) July 15, 2024

Sensitivity of longitudinal ctDNA analysis was 83.3% (20/24) with
a median lead time of 6.7 months (mean of 7.4 months; range of
0.0-23.0 months; Fig. 5A and B). All 4 patients with ctDNA-negative
results and recurrence were still alive at the study cut-off with a
median follow-up of 46.6 months. Patient IDs 11 and 16 were
ctDNA positive in the longitudinal analysis and did not recur, one
of whom had only 5.8 months of follow-up from their last positive
draw (specificity 84.6%, 11/13; Fig. 2). The longitudinal samples
with CEA evaluated had a median lead time of 4.5 months (mean of
5.4 months; range of 0.0-13.9 months; N = 8), which was not
statistically significant compared to ctDNA (unpaired f test; P =
0.0671; Fig. 5B). We also evaluated the specificity among samples
collected after all treatment to remove the confounding effect of
subsequent chemotherapy use and the possibility of ctDNA clear-
ance. The post-treatment sample-level specificity was 95.7% (67/70,
95% CI, 88.1%-98.8%). There were 28 patients with a reported site
of recurrence in this cohort. Recurrence in the peritoneal cavity,
pelvic implants, or multiple sites was detected by c¢tDNA for all
patients. Recurrence in the lymph node, liver, or lung was detected
by ctDNA for 67% to 71% of patients.

Preprocedure ctDNA detection is associated with overall
survival

Forty-seven patients had an available preprocedure ctDNA
sample, i.e., a blood sample taken before curative intent therapy.
Of these patients, 55% (26/47) received chemotherapy 3 months
prior to their curative intent procedure and prior to sample collection
completed a median of 37 days prior to curative intent procedure
(range 20-1,986 days). ctDNA was detected in 57.4% (27/47) of

CLINICAL CANCER RESEARCH
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patients prior to procedure. Among the subset of patients who
received neoadjuvant chemotherapy within 3 months prior to the
preprocedure sample collection (N = 26), the median time be-
tween the last dose of chemotherapy and sample collection was
5.2 weeks.

Preprocedure ctDNA status was not statistically associated with
RFS (P = 0.3418); however, patients with undetectable ctDNA
demonstrated significantly improved OS (median 59.6 months vs.
not reached; P = 0.0111; Supplementary Fig. S2A and S2B). One
patient was lost at follow-up and thus was included in the RFS but
not the OS calculation. In univariate analyses, ctDNA positivity
preprocedure was associated with sum total lesions (P = 0.007) but
not with other clinicopathological features including preprocedure
CEA (P = 0.092; Supplementary Table S3). The 3-year OS rate was
60.9% for patients with ctDNA detected preprocedure vs. 90.9% for
patients with undetectable ctDNA preprocedure.

ctDNA dynamics associated with treatment

We analyzed 37 patients who had paired preprocedure and
postprocedure ctDNA samples and 13 patients who had paired
preadjuvant and postadjuvant chemotherapy samples to assess
ctDNA dynamics (Supplementary Fig. S3A and S3B). Patients who
cleared ctDNA with surgery and/or radiation and local therapy
(3/19) trended toward a longer RFS than those who remained
positive; however, this difference was not statistically significant (not
reached for ctDNA"/ctDNA™ vs. 7.7 months for ctDNA"/ctDNAY;
P = 0.1069; Supplementary Fig. S3C). There were 4/13 patients with
ctDNA detected preadjuvant chemotherapy. One patient cleared
ctDNA postadjuvant chemotherapy and had a numerically longer
RFS compared to patients without clearance (19.2 months vs. a
median 8.7 months; Supplementary Fig. S3C).

AACRJournals.org

CEA

In this population, 42% (22/52) of patients had CEA elevated
prior to curative intent procedure. and there were 21 patients with
available CEA at the 3-week postprocedure time point. CEA ele-
vation was not associated with RFS at the postprocedure time point
(P = 0.1140) but did associate with OS (P = 0.0064; Supplementary
Fig. S4A-S4C). Among 32 patients with CEA evaluated in the
longitudinal setting, sensitivity and specificity for recurrence were
13/17 (76.5%) and 4/15 (26.7%), respectively (Supplementary Fig.
S$4D). The PPV and NPV for recurrence were 13/24 (54.2%) and 4/8
(50.0%), respectively. The median lead time of all CEA elevated
samples with recurrence was 1.6 months.

Discussion

Despite treatment with curative intent, a majority of patients with
oligometastatic CRC will have recurrence and ultimately die of their
disease. The selection of patients who derive greatest benefit from
chemotherapy in addition to local procedures such as surgical re-
section and/or radiotherapy is challenging given that there is the-
oretical ability of chemotherapy to eradicate minimal residual
disease (MRD) but with limited data available and no clear im-
provement in OS proven to date.

In this study, we found that ctDNA detection at 3 weeks post-
surgery and/or radiotherapy was a significant predictor of RFS and
OS. In contrast, the elevation of the commonly used tumor bio-
marker CEA (using a cutoff of 5 ng/mL) was predictive of OS but
not RFS and was only available for 21 patients. Patients with de-
tectable ctDNA had nearly five-fold greater risk of recurrence
(approaching 100% in the absence of additional therapy) and more
than 12-fold greater risk of death. Interestingly, while the sensitivity
of the ctDNA assay at this single primary time point was modest
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(58.1%), patients with undetectable ctDNA experienced a longer
median time to recurrence and all were still alive after more than
23 months of follow-up. Patients with undetectable ctDNA may
have a lower volume of micrometastases compared to patients with
detectable ctDNA which could take longer to become observable
radiographically and progress to lethal cancer. It is also possible that
patients with more indolent tumors have low ctDNA shedding
which could also explain the more favorable outcomes in patients
with undetectable ctDNA. We also note some differences in ctDNA
detection by site of recurrence. However, there were too few extra-
hepatic recurrences to draw conclusions based on site. We observed
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that for 4 patients in the longitudinal cohort who showed recur-
rences, three of the four recurrences were in the lungs, consistent
with previous data but noting the small number of lung recurrences
in this cohort. The observation that ctDNA status predicted OS
among preprocedure samples (when disease is radiographically ev-
ident) lends support to this theory. However, given the high degree
of heterogeneity in the treatment of patients, patterns of relapse, and
relatively small sample size, further studies are necessary. Patients
with more indolent CRC could theoretically have a lower benefit of
chemotherapy compared to patients with more aggressive tumors.
There was not enough data in this study to evaluate the efficacy of

Figure 5.

Longitudinal ctDNA analysis improves sensitivity to
detect relapse. A, Patient-level ctDNA status 95%
Cl as follows: sensitivity (64.2%-93.3%), specificity
(57.8%-97.3%), PPV (72.2%-98.4%), and NPV
(481%-89.1%). B, Lead time comparison of ctDNA

® ° vs. CEA as measured by disease recurrence mea-
ole - sured by time to relapse (months; n = 20; P <
0.0001).
o ° L[]
eo|®
T
I
S g
,09 @)
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chemotherapy based on ctDNA detection status, and further studies
to develop approaches that identify patients likely to benefit from
both chemotherapy and curative intent procedures would be valu-
able.  Toward this, the ongoing = COSMOS-CRC-03
(NCT2072220055), OPTIMISE (NCT04680260), NCT05815082,
and NCT05797077 trials will be valuable for understanding the role
of ctDNA in predicting chemotherapy benefit in patients with
oligometastatic CRC.

We utilized a plasma-only ctDNA assay to detect MRD. To date,
most ctDNA-based MRD assays utilize tumor tissue to either design
or inform the plasma-based assay. Tissue-based assays may have
logistical challenges for patients with oligometastatic CRC in that
tumor tissue may not be readily available for all patients, particu-
larly those undergoing nonsurgical localized therapy approaches. In
addition, there may be time delays and resourcing issues associated
with acquiring and testing new tissue or retrieving archival tissue.
While cross-study comparisons are challenging due to differences in
study design, patient population, patterns of treatment and recur-
rence, and cohort maturity, the findings in this study are similar to
other studies that have investigated the use of ctDNA for recurrence
detection in patients with oligometastatic CRC undergoing locore-
gional treatment strategies. This study, like others, found a high risk
for recurrence in patients with ctDNA detected following treatment.
In a recent meta-analysis, the majority of studies evaluating post-
treatment ctDNA detection found a statistically significant reduc-
tion in RFS among patients with detectable ctDNA, despite a large
degree of interstudy heterogeneity (33). Hazard ratios ranged from
2.7 to 7.6 with a pooled RFS of 4.5 (95% CI, 3.4-5.1; n = 569). The
two studies evaluating OS had striking similarity to our study, with
excellent OS (>80% at 5 years) reported in patients with undetect-
able ctDNA postintervention (28,29). Pretreatment ctDNA detec-
tion was associated with inferior RFS and OS in most but not all
studies.

Additionally, our study confirms findings from other studies that
sensitivity for recurrence improves with longitudinal sampling. The
timing of recurrence is variable due to heterogeneity in disease bi-
ology between patients (i.e., tumor growth rate and starting volume
of residual disease post-treatment), and it may not be realistic for a
single sample to identify all relapses, particularly those that occur
more than a year from the time of sample collection. Even assays
with extremely high analytic sensitivity will face limitations in
clinical sensitivity. When ctDNA concentration is low, the likeli-
hood of sampling tumor DNA in a clinically reasonable volume of
blood is reduced. The anatomic site, size, and biology of clinically
detected relapses may also impact ctDNA detection. Future inter-
ventional strategies may need to involve serial collection of ctDNA
to maximize detection of high-risk patients. Postintervention
strategies could involve giving adjuvant therapy only if and when
ctDNA becomes detected (de-escalation strategy) and/or more fre-
quent or intensive radiographic imaging if ctDNA is detected with
the goal of detecting recurrence when locoregional techniques may
still be curative. The optimal frequency and duration of longitudinal
testing in patients with oligometastatic CRC is not yet established.
The average lead time from ctDNA detection to radiographic pro-
gression/recurrence was 7.4 months which suggests testing every
6 months may be reasonable, or perhaps, more frequently in the first
1 to 2 years postprocedure when the risk of recurrence is highest
(e.g., every 3 months). Frequent longitudinal sampling may reduce
the risk of false negatives due to sampling error.

We also had 2 patients that had longitudinal samples that were
initially positive turn to negative without intervention and who
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remained recurrence free. While it is difficult to conclusively explain
these findings, we hypothesize the following points. (i) The assay is
detecting a coexistent disease that is associated with differential
methylation patterns and that overlaps with that of CRC. This
would be an analytical true positive, but a clinical false positive for
the intended use of recurrence detection. A published example of
this involved a patient with hepatitis C who had ctDNA detected
without recurrence (34). (ii) These are true positive samples in
patients who did not have recurrence within the study follow-up
period. This has the potential for stochastic sampling error leading
to subsequent false negatives. (iii) This is an analytical false positive,
i.e., a signal incorrectly identified as tumor derived by the assay
algorithm. (iv) There was spontaneous clearance that occurred, as
has been previously described. To the second point, in our longi-
tudinal analysis, we demonstrated ctDNA lead times up to 23
months; patients with follow-up durations shorter than 23 months
from the time of the sample collection are difficult to confidently
assign as “recurrence-free.”

Assessment of ctDNA outperformed CEA, the standard-of-care
biomarker for monitoring CRC. While easy to measure, CEA has
limited sensitivity and is only reliable in the subset of patients who
have initial CEA elevation. Indeed, in this study, CEA could not be
evaluated in the multivariable analysis because 11 patients were not
evaluable for CEA. Additionally, in evaluable patients, CEA level did
not demonstrate a significant difference in RFS at the primary
time point.

There were several limitations to this study. First, this was a
modest cohort. More validation is needed with a larger cohort to
demonstrate the efficacy of this assay clinically. Second, longitudinal
samples were taken at providers’ discretion and were not taken at
predefined cadence. Further studies with predefined sample time
point numbers and timing would provide more information about
longitudinal monitoring.

Conclusion

Despite the high degree of heterogeneity in patient disease bur-
den and treatment patterns, our findings with a tissue-free assay are
consistent with other studies demonstrating that post-treatment
ctDNA detection is prognostic of both RFS and OS in patients with
oligometastatic CRC, and pretreatment ctDNA detection status may
also provide prognostic value. Future studies are necessary to un-
derstand the clinical utility of ctDNA testing in the oligometastatic
population to optimize therapeutic strategies to improve outcomes
while reducing toxicity.
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