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Introduction: The presence of minimal residual disease (MRD) after curative-
intent surgery for early-stage cancers is associated with disease recurrence.
Circulating tumour deoxyribonucleic acid (ctDNA) has emerged as a promising
biomarker for MRD assessment in patients with colorectal cancer (CRC) who
have undergone surgery or completed adjuvant therapy. MRD tests are already
available for use in clinics; however, treatment decisions following MRD results
obtained in routine practice are infrequently described.

Methods: In this observational study, we report on the real-world clinical use of
Guardant Reveal, a validated tissue-free MRD assay, in the first 215 consecutive
patients (279 samples) with CRC tested in Asia and the Middle East.

Results: Overall, 22% of patients had ctDNA detected in their first MRD test, and
the frequency of ctDNA positivity increased with increasing tumour stage. 132
samples were tested with an earlier version of Guardant Reveal, one that assessed
both genomic and epigenomic features. An updated version of the assay assesses
only ctDNA methylation data and was used for the remaining 147 samples. In
patients with stage Il CRC, 71% of tests were ordered within 12 weeks after
tumour resection, while for patients with stage Il disease, 69% of tests were
ordered after completion of all curative-intent treatment.

Discussion: Clinical cases utilizing tissue-free MRD assessment are described.

KEYWORDS

MRD - molecular residual disease, CRC - colorectal cancer, ctDNA - circulating tumour
DNA, liquid biopsy, Reveal, epigenomics, methylation
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1 Introduction

In 2018, among all genders and age groups, Asia had the highest
proportions of both incidence (51.8%) and mortality (52.4%) for
colorectal cancer (CRC) of any region in the world (1). In particular,
a higher incidence of CRC has been observed in more economically
developed countries such as Japan, South Korea, Singapore, and
Taiwan (1). Approximately 75% of newly diagnosed CRC patients
present with non-metastatic early-stage disease, which presents an
opportunity for curative-intent treatment (2). Despite surgery and
adjuvant therapy for CRC, as many as 33% of patients experience
recurrent disease (3). Therefore, improvements in the diagnosis and
treatment of early-stage CRC remain an important unmet need.

Typically, clinicopathologic features are assessed to determine
the prognosis of a patient after surgery for early-stage CRC. Such
features that have been associated with a worse prognosis in CRC
patients are a T4 primary; high-grade/poorly differentiated
histology; lymphovascular invasion; perineural invasion; clinical
bowel obstruction or perforation; close, indeterminate, or positive
margins; inadequately sampled lymph nodes; a high preoperative
serum carcinoembryonic antigen (CEA) level; and high levels of
tumour budding. Based on these factors, patients at higher risk are
generally offered adjuvant chemotherapy. However, the accuracy of
clinicopathological criteria alone to identify patients at risk for
recurrence is being challenged by emerging evidence (4, 5).

Minimal residual disease (MRD) refers to the presence of cancer
cells that are below detectable levels with conventional diagnostic
methods. These cells persist in the body after the completion of
definitive therapy (surgery with or without adjuvant chemotherapy)
(4) and are often the cause of cancer recurrence (6, 7).

Circulating tumour DNA (ctDNA), tumour-derived single- or
double-stranded DNA fragments detectable in the plasma, has
emerged as a promising biomarker for MRD assessment in patients
with CRC who have undergone curative-intent surgery or completed
adjuvant therapy (8). Several prospective studies have reported on the
role of ctDNA for the prognosis of disease recurrence after the
completion of definitive treatment (9). These studies suggest that
ctDNA-based MRD assessment may outperform existing
clinicopathologic criteria-based risk-stratification strategies.
Prospective clinical trials are investigating the impact on patient
outcomes after intervening based on MRD status, such as PEGASUS
(NCT04259944), VEGA (jRCT1031200006), IMPROVE-IT2
(NCT04084249), and ACT-3 (NCT03803553).

MRD assessment can be performed with or without tumour
tissue from surgery. Tissue-informed assays require prior
knowledge of the tumour genomic profile for each patient,
generally acquired by whole-exome sequencing or targeted
sequencing of the primary tumour (e.g., SignateraTM, SafeSeqS)
(10). These assays are personalized to detect patient-specific
genomic alterations via targeted sequencing of plasma cell-free
DNA. On the other hand, a tissue-free assay utilizes broad panel-
based next-generation sequencing without prior knowledge of the
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patient’s tumour mutational profile. For example, Guardant
Reveal ™ was originally designed to detect both genomic
alterations and differential DNA methylation signatures known to
occur in a given tumour type (9). Recently, the assay has been
modified to focus only on identifying tumour-derived methylation
signatures (11). Early versions of this assay demonstrated a
sensitivity of 50% when measured at a single time point after the
completion of curative-intent treatment, increasing to 91% with
serial sampling (12). The current version of the assay reported 81%
sensitivity with serial samples for colon cancer, and post treatment
sample level specificity of 98.2% (11). The average lead time from
MRD detection to radiographic confirmation of disease recurrence
was 200 days (12).

ctDNA-based MRD tests are already available for use in clinics,
but how physicians use the results in real-life settings has been
infrequently described. In this analysis, we describe the real-world
clinical use of a validated tissue-free MRD assay (Guardant Reveal)
in consecutive patients with early-stage colorectal cancer from Asia
and the Middle East. We also describe a selected subset of clinically
annotated cases as representative of the utility of the MRD assay
results for making treatment decisions.

2 Materials and methods

Guardant Reveal (Guardant Health, Inc) is a tissue-free MRD
test for the detection of cancer. An earlier version of this
commercially available panel was 500kb (50kb genomic and
450kb epigenomic), while the current version is 15 Mb and
utilizes the expanded genomic footprint to identify a broader
range of tumour-derived methylation signatures (Supplementary
Table 1) (11). This MRD test can be ordered for stage I, stage II,
stage IIT and oligo metastatic stage IV. The analytical details have
been previously described (11). The first 215 consecutive early-stage
CRC patients with 279 longitudinal samples from Asia and
the Middle East with test results from commercially available
versions of Guardant Reveal were queried retrospectively. The
first 108 consecutive patients’ samples (n=132) collected between
November 2021 to June 2023 were tested on the 500 kb panel, and,
since July 2023, samples (n=147) were tested on the 15 Mb panel.
Findings were analysed through the data cut-off of 20 Feb 2024 for
patients who had a test result and documented clinical stage.
Patients could have been tested post-resection (within 12 weeks
of surgery) or during surveillance (more than 12 weeks after
surgery). Clinical factors (age, sex, stage at diagnosis, date of
surgery, adjuvant therapy added or not, timing of MRD test
ordered) were extracted from test requisition forms submitted
when the test was ordered. Additional information from selected
patients was included to describe the actions taken by treating
physicians based on the test results. Individual patients’ consent to
use deidentified data was obtained by their respective
treating physicians.
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3 Results
3.1 Demographics

A total of 215 patients (279 samples) had an MRD test result
with cancer stage documented. Among these, 108 patients were
assessed with the early version of Guardant Reveal, and 107 patients
were assessed with the currently available version. Demographics
details are shown in Table 1.

TABLE 1 Demographics.

Patient Characteristic No. (n=215) (%)

Gender
Male 138 (64%)
Female 77 (36%)

Median Age (range) 59 (17-90 yrs)

Cancer Stage

1 0 (0%)

11 82 (38%)

III 122 (57%)

IV (oligo metastatic) 11 (5%)
Region

Taiwan 50 (23%)

Israel 47 (22%)

India 33 (15%)

Middle East 30 (14%)

Other Asian countries 55 (26%)

10.3389/fonc.2024.1426941

3.2 Test utilization and ctDNA positivity by
cancer stage

As some of the patients had more than one MRD test, the
calculation of ctDNA positivity was based on the result of the first
MRD test. Overall, 22% of patients had ctDNA detected in their first
MRD test, 19% for those conducted post-resection and 26% for first
tests during surveillance; 22% of all samples were positive,
regardless of timing. Based on the result of the first test alone, the
proportion of patients with ctDNA detection increased with
increasing cancer stage, stage II 13%; stage III 25%; oligo
metastatic stage IV, 55% (Figure 1).

Among all tests for patients with stage II disease, 71% (66/93)
were ordered within the first 12 weeks after surgery. For patients
with stage III disease, the majority of tests were ordered during
surveillance (118/171, 69%) (Figure 2). The median time for
ordering a post-resection MRD test was 6 weeks (range 2 to 12
weeks) after surgery for both stage IT and stage III patients, while the
median time for ordering the first surveillance MRD test was 21
weeks (range 13 to 606 weeks) after resection for stage II patients,
and 39 weeks (range 13 to 737 weeks) after resection for stage III
patients. For patients with oligo metastatic stage IV disease, 47% (7/
15) were ordered within the first 12 weeks after surgery. The median
time for ordering a post-resection MRD test was 5 weeks (range 3 to
11 weeks) after surgery, and the median time for ordering the first
surveillance MRD test was 34 weeks (range 22 to 108 weeks)
after resection.

Among the 61 ctDNA positive samples, 32 were reported on the
earlier commercial version of Guardant Reveal (52%) and 29 on the
currently available version of assay (48%).

Although the updated version of the assay detects MRD based
solely on methylation signals, MRD detection rates (21%) were
similar to the earlier version (23%) which assessed mutations
and methylation.

The median turnaround time (TAT) from sample reaching the
laboratory until report release was 10 days (range: 5-29 days) for the

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

I ctDNA positive

FIGURE 1

ctDNA positivity rate at first MRD test by cancer stage. Stage I, n=82; stage I, n=122; stage IV (oligo metastatic), n=11.
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Stage Il 71%

Stage Il 31%

Stage IV 47%
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FIGURE 2
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M Surveillance
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Timing of MRD test order for stage Il (n=93), stage Il (n=171), and oligo metastatic stage IV (n=15).

earlier commercial version of the assay and 9 days (range: 5-26
days) for the currently available version.

3.3 Selected cases using MRD results for
treatment decisions

Selected patients whose detailed treatment history before and
after MRD test results were available are shown in Table 2 and
Table 3. Table 2 includes cases for which a single MRD test was
ordered while Table 3 includes cases with longitudinal testing (2 or
more tests for the same patient). All the patients in Table 2 and
Table 3 used the earlier commercial version of the assay.

4 Discussion

Emerging data suggest that the presence of ctDNA after
resection of early-stage CRC is prognostic for recurrence (9).
There is evidence that ctDNA-guided risk stratification in patients
with resected CRC may even outperform established methods that
are based on clinicopathologic features (9). Recently published data
from COSMOS-CRCO1 study on current version (11) indicated
similar performance to the early version of the Reveal test (12). Even
as the number of clinical trials of MRD is increasing, limited data
have been reported regarding real-world use of such tests.
Therefore, we have described the initial experience with a
commercially available tissue-free MRD assay in Asian and
Middle Eastern patients with resectable colorectal cancer.

Among the patients tested, the ctDNA positivity rate based on
the result of the first MRD test was 22%, similar to that observed in
a study of the same assay in predominantly Caucasian patients (13).
As the assay has evolved, and considering potential differences in
patient and their tumour characteristics between testing cohorts,
the positive detection rate was similar with the earlier version and
the current version. We have not attempted to make any
comparisons between previous and current version of assay in
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this cohort as the patient characteristics cannot be controlled in
the real-world setting.

We also observed that among stage II colorectal cancer patients,
71% of all tests were ordered within 12 weeks of surgery,
presumably to support adjuvant therapy decision-making. In
contrast, for patients with stage III CRC, most MRD tests were
conducted during or after completion of adjuvant therapy (69%), in
part because adjuvant chemotherapy is standard care in this setting
but also because the optimal duration of adjuvant treatment
remains unclear (14).

Because timely adjuvant treatment within 8-12 weeks of
resection is essential (15), a clinically useful turnaround time for
any MRD test is necessary. Based on our experience, the tissue-free
MRD test can be ordered 4 weeks after resection and physicians can
receive the results (median TAT of 9 days) within the
recommended window for initiation of adjuvant chemotherapy.
This TAT is similar to that reported for a similar cohort of patients
in the United States using the same test (13).

Practicing physicians among the authors opine that, despite the
absence of robust guidelines regarding the use of MRD test findings,
physicians in clinical practice are already making treatment
decisions that consider the results of MRD testing. We observed
that, following a positive MRD report, physicians tended to escalate
treatment. Such approaches included initiating chemotherapy in
patients not originally considered for it, prolonging the duration of
previously planned chemotherapy, or changing the chemotherapy
regimen. After a negative MRD report physicians chose to follow
the patient as per the local standard of care. The laboratory does not
provide therapeutic recommendations in its reports. Therefore, all
treatment decisions were made independently by the ordering
physicians in collaboration with their patients.

There are several limitations to our report. The relatively small
cohort size of 215 patients does not necessarily represent an
unselected CRC patient population. It is likely that the population
is enriched for cases involving exceptional scenarios for which MRD
testing was employed when clinical findings and patients’ preferences
diverged from standard treatment guidelines. With the data reported

frontiersin.org


https://doi.org/10.3389/fonc.2024.1426941
https://www.frontiersin.org/journals/oncology
https://www.frontiersin.org

Jain et al.

TABLE 2 Clinical factors and impact of a single MRD test result on clinical decision making.

10.3389/fonc.2024.1426941

Case CRC Region Treatment plan before @Timing of MRD Treatment plan Impact of the MRD
Stage ordering MRD test MRD test after the MRD test result

test order result  test results

1 I Israel The patient declined adjuvant 4 weeks Positive Adjuvant chemotherapy MRD test result persuaded the
colon therapy despite the after surgery patient to initiate
cancer physician’s recommendation. adjuvant treatment.

2 111 Taiwan Adjuvant chemotherapy x 4 weeks Positive Maintained original MRD test results improved
colon 12 cycles after surgery treatment plan confidence in the original
cancer treatment plan.

3 I Jordan Adjuvant chemotherapy x 4 weeks Positive Maintained original MRD test results improved
colon 6 cycles after surgery treatment plan confidence in the original
cancer treatment plan.

4 IV colon Israel Observation 4 weeks Positive Imaging and MRD test result led to the
cancer after surgery adjuvant chemotherapy initiation of chemotherapy.
Oligo-
metastatic

5 11 India Neoadjuvant therapy followed by | 4 weeks Positive Adjuvant chemotherapy The treatment plan changed
rectal surgery then close observation after surgery based on surgical findings and
carcinoma evidence of MRD.

6 v India Adjuvant chemotherapy After completion Positive Intensified chemotherapy | The chemotherapy regimen
rectal of to include irinotecan intensified based on the
carcinoma adjuvant MRD result.

Oligo- chemotherapy
metastatic

7 v UAE Adjuvant chemotherapy 4 weeks Negative ~ No adjuvant Negative MRD results supported
sigmoid after surgery chemotherapy; observation only.
carcinoma observation
Oligo-
metastatic

8 I Israel Observation 4 weeks Negative = Maintained original Negative MRD result
colon after surgery treatment plan supported observation.
cancer

TABLE 3 Clinical factors and utility of longitudinal MRD tests for individual patients.

Case CRC Region Treatment plan before Timing Treatment Timingand Treatment Impact of the
Stage ordering the first and result plan after result of plan after MRD
MRD test of first the first the second the second test result
MRD MRD MRD MRD
test result testresult @ testresult test result
10 I Israel Observation, but ambiguous 12 weeks after | Curative intent | 4 weeks after Administer MRD result
radiographic finding 12 weeks surgery resection of the | resection of chemotherapy confirmed suspected
after surgery Positive recurrent lesion | recurrent recurrence, leading to
lesion Positive further surgery and
adjuvant therapy.
11 111 Israel Adjuvant chemotherapy x After 3 Continue After 6 months Follow-up with MRD positive after 3
3 months months chemotherapy chemotherapy imaging every months
chemotherapy | for 3 more Positive 3 months chemotherapy
Positive months (6 supported decision to
months total) continue treatment.
12 111 UAE Chemotherapy x 6 cycles; After 2 cycles Patient After 6 cycles Standard MRD result
patient wanted to stop after 2 chemotherapy | continued chemotherapy follow-up encouraged patient
cycles due to adverse events Positive chemotherapy Negative to
to complete complete
6 cycles chemotherapy.
13 I India Adjuvant chemotherapy for 3 17 weeks after ~ Changed to After 6 cycles Standard MRD result
months. However, after 4 cycles surgery another FOLFIRI follow-up encouraged patient
of adjuvant chemotherapy, Positive chemotherapy treatment Disease free for | to
patient wished to stop due to for 3 months Negative 18 months complete
severe adverse event. chemotherapy.
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thus far for the MRD test, positive predictive value (PPV) has been
robust and considered more reliable to change treatment decisions
compared to negative predictive value (NPV). Therefore, it is possible
that there was a preference for altering the treatment plan after a
positive report compared to a negative report. All the MRD tests were
ordered in a real-world scenario; therefore, there is no
standardization of duration or regimen of chemotherapy as well as
the timing of ordering the MRD test. Treatment details of all 215
patients are not available, therefore only selected patients are included
in Tables 2, 3. However, cases where MRD results changed or did not
change treatment plans were observed. For most patients, follow-up
duration is short, prohibiting assessment of the specificity and
sensitivity of the MRD assay in predicting recurrences. Similarly,
due to the short duration of follow-up, we cannot estimate the impact
of interventions on disease-free and overall survival.

Important clinical questions on the use of MRD tests for
patients with early-stage colorectal cancer are being addressed in
ongoing prospective studies (PEGASUS, VEGA, ALTAIR,
IMPROVE-IT2, ACT-3). While awaiting results from these
studies, physicians are already using MRD test results to
complement established clinical criteria to inform treatment
decisions for their patients with early-stage colorectal cancer. As
both tissue-informed and tissue-free assays are being assessed
across several prospective studies, we await further validation of
the potential clinical advantages and limitations of this
emerging technology.

5 Conclusion

Through retrospective analysis of real-world data, we describe
how physicians in Asia and the Middle East currently apply a
commercially available tissue-free MRD assay in clinical decision-
making for patients after surgical resection of colorectal cancer.

Results from prospective randomized studies will further define
the clinical role of MRD detection in resectable CRC.
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