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Sequencing paired tumor DNA and white blood cells improves circulating
tumor DNA tracking and detects pathogenic germline variants in localized
colon cancer5
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Background: In the setting of localized colon cancer (CC), circulating tumor DNA (ctDNA) monitoring in plasma has
shown potential for detecting minimal residual disease (MRD) and predicting a higher risk of recurrence. With the
tumor-only sequencing approach, however, germline variants may be misidentified as somatic variations, precluding
the possibility of tracking in up to 11% of patients due to a lack of known somatic mutations. In this study, we
assess the potential value of adding white blood cells (WBCs) to tumor tissue sequencing to enhance the accuracy
of sequencing results.
Patients and Methods: A total of 148 patients diagnosed with localized CC were prospectively recruited at the Hospital
Clínico Universitario in Valencia (Spain). Employing a custom 29-gene panel, sequencing was conducted on tumor
tissue, plasma and corresponding WBCs. Droplet digital PCR and amplicon-based NGS were performed on plasma
samples post-surgery to track MRD. Oncogenic somatic variants were identified by annotating with COSMIC,
OncoKB and an internal repository of pathogenic mutations database. A variant prioritization analysis, mainly
characterized by the match of oncogenic mutations with the evidence levels defined in OncoKB, was carried out to
select specific targeted therapies.
Results: Utilizing paired tumor and WBCs sequencing, we identified somatic mutations in all patients (100%) within our
cohort, compared to 89% using only tumor tissue. Consequently, the top 10 most frequently mutated genes for plasma
monitoring were altered. The sequencing of WBCs identified 9% of patients with pathogenic mutations in the germline,
with APC and TP53 being the most frequently mutated genes. Additionally, mutations in genes related to clonal
hematopoiesis of indeterminate potential were detected in 27% of the cohort, with TP53, KRAS, and KMT2C being the
most frequently altered genes. There were no observed differences in the sensitivity of monitoring MRD using ddPCR
or amplicon-based NGS (p ¼ 1). Ultimately, 41% of the patients harbored potentially targetable alterations at diagnosis.
Conclusion: The germline testing method not only enhanced sequencing results and raised the proportion of patients
eligible for plasma monitoring, but also uncovered the existence of pathogenic germline variations, thereby aiding in
the identification of patients at a higher risk of hereditary cancer syndromes.
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INTRODUCTION

Colon cancer (CC) is a heterogeneous disease representing
the second leading cause of cancer-related death world-
wide.1 In localized CC, surgical pathology analysis of the
surgical specimen provides the best estimation of the risk of
relapse and guides adjuvant chemotherapy treatment (ACT)
decision making. However, some patients might be mis-
treated with ACT if only TNM staging is considered, sug-
gesting a need for more accurate prognostic and predictive
https://doi.org/10.1016/j.esmoop.2023.102051 1
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biomarkers.2 In recent years, several studies have shown
that circulating tumor DNA (ctDNA) detection immediately
after surgery in patients diagnosed with localized CC pro-
vides direct evidence of minimal residual disease (MRD) and
identifies those at high risk of recurrence.3-12 Findings from
the phase II randomized DYNAMIC study suggest that
ctDNA-guided management could help improve clinician
selection of patients with stage II CC who may benefit from
ACT, as well as avoid overtreatment in those who do not
present ctDNA.13

However, one of the most important issues in monitoring
MRD is identifying genomic aberrations to be serially tracked
in plasma. In our previous study,6,10 up to 11% of patients
with localized CC could not bemonitored in plasma due to the
lack of pathological somatic mutations in tumor samples.
Several studies showed that sequencing artifacts, germline
variants, and clonal hematopoiesis may confound the inter-
pretation of sequencing results and complicate subsequent
disease monitoring.14 Accurately detecting tumor-derived
mutations in ctDNA requires a combination of integrated
digital error suppression approaches such as unique molec-
ular identifiers, appropriate variant calling, multigene anal-
ysis, and high-depth sequencing.15 In addition, the ctDNA
fraction is extremely low inmany tumors,16whichmay lead to
false negatives inw18% of cases.8 ctDNA detection methods
should be highly sensitive and specific. Sequencing tumor
DNA and matched white blood cells (WBCs) may improve
sequencing analysis interpretation by filtering alterations and
distinguishing ctDNA alterations from cell-free DNA (cfDNA)
variants related to clonal hematopoiesis of indeterminate
potential (CHIP). In this study, we aimed to track not only
pathogenic variants but also any somatic mutations present,
to increase the number of candidates for monitoring in
plasma and therefore improve sensitivity in detecting MRD.
Moreover, this new germline approach would enable us to
identify not only CHIP-related mutations but also inherited
genetic variations with clinical relevance for patients.
METHODS

Study population and sample collection

We recruited 148 patients diagnosed with localized CC at
the Hospital Clínico Universitario in Valencia, Spain, be-
tween October 2015 and October 2019.10 Tumor tissue,
plasma, and WBCs were collected at diagnosis (pretreat-
ment) for deep targeted sequencing (Supplementary
Figure S1, available at https://doi.org/10.1016/j.esmoop.
2023.102051). Tissue DNA was extracted from the primary
tumor surgical specimen using the AllPrep DNA/RNA FFPE
Kit (Qiagen) and sequenced with the QIAseq Targeted DNA
Panel for Illumina Instruments protocol (May 2017; Qiagen)
to identify specific mutations for each tumor. Germline DNA
(gDNA) from 1 ml of the buffy coat was processed with
chemagic DNA Blood 1 ml (Perkin-Elmer) for the chemagic
instrument. cfDNA was extracted from 4 ml plasma samples
using the QIAamp Circulating Nucleic Acid Kit (Qiagen). All
procedures followed the manufacturer’s instructions.
2 https://doi.org/10.1016/j.esmoop.2023.102051
DNA concentration was measured using the Qubit fluo-
rometer. DNA fragment lengths were assessed using the
Agilent 4200 TapeStation System.

Samples and data from patients included in this study
were provided by the INCLIVA Biobank (PT20/00029;
B.0000768 ISCIII), part of the Valencian Biobanking Network
and the Spanish National Biobanks Network and they were
processed following standard operating procedures with the
appropriate approval of the research and ethics commit-
tees. All participants provided written informed consent.
Library generation and sequencing

Libraries for gDNA, tumor DNA and cfDNA were prepared
using the QIAseq Targeted DNA Panel kit fromQiagen, using a
previously described customized CRC gene panel.10 The
manufacturer’s protocol was followed, starting with an input
of 40 ng for gDNA, 100 ng for tumor DNA and variable for
cfDNA. Notably, the Universal PCR step comprised 18 cycles
for gDNA, 20 cycles for tumor DNA and 17 cycles for cfDNA.
The resulting libraries were assessed using the High Sensi-
tivity D1000 DNA ScreenTape from Agilent on the TapeSta-
tion 4200 System. Equimolar volumes of libraries from the
same DNA type (gDNA, tumor DNA or cfDNA) were multi-
plexed anddiluted for loading and sequencing on theNextSeq
instrument from Illumina, following the loading instructions
provided by Qiagen. As a quality control measure for the
entire variant determination process, samples NA12877 and
NA12878 from the Coriell Institute were selected.
FASTQ preprocessing, quality control, and read mapping

Supplementary Figure S2, available at https://doi.org/10.1016/
j.esmoop.2023.102051 illustrates the bioinformatics pipeline
used in this study. The quality control of raw samples in FASTQ
format was conducted using FastQC1 v0.11.8.17 Adapter
removal was carried out using Cutadapt2 v2.10,18 and reads
with a mean quality below Q30 were discarded using PRINSEQ
v0.20.4.19 Sequencing reads were aligned to the GRCh38.p12
human reference genome using BWA-mem v0.7.17.20 The
fgbio consensus pipeline (v1.1.0) was implemented for UMI
extraction, grouping, anddeduplication of reads from the same
UMI family. Subsequently, BAMpostprocessingwas carried out
using PICARD v2.18.621 and GATK v4.2.0.0.22
Variant calling and somatic variant prioritization

Variant calling of the primary tumor, plasma, and normal
samples was conducted by combining the outputs from
smCounter (v2),23 LoFreq v2.1.5,24 and Mutect2 (GATK
v4.2.0.0) specifically for INDELs. For primary tumor variants,
a minimum variant allele frequency (VAF) threshold of 5%
was applied, while for plasma samples it was set at 0.01%.
The resulting variants were then annotated using Variant
Effect Predictor (Ensembl v102).25 To avoid false positives,
variants associated with CHIP were removed from the
plasma samples and analyzed separately. We also carried
out a manual review and curation of the candidate somatic
mutations detected in each sample.
Volume 8 - Issue 6 - 2023
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Figure 1. Somatic mutational landscape of 148 patients with localized colon cancer using the germline approach.
(A) Waterfall plot of somatic mutations detected in the cohort using a customized 29-gene panel in tumor samples. Synonymous and intronic variants are not included in
the plot. (B) Top 10 mutated genes, segregated into two categories: pathogenic mutations10 (left) and somatic mutations (right).
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Droplet digital PCR analysis of cfDNA

Droplet digital PCR (ddPCR) was carried out on a QX200
ddPCR system (Bio-Rad) using TaqMan chemistry according
to the instructions provided by the manufacturer. In sum-
mary, the mixture was prepared by combining up to 20 ng
of cfDNA, 10 ml of a Supermix without dUTP (Bio-Rad), and
2 ml of FAM/HEX probes specific to the desired genetic
changes. Emulsions were analyzed with the default settings
for rare event detection and appropriate fluorophore
detection. Probes for detecting specific alterations or
simultaneous changes within a 25-pb range were designed
using Bio-Rad platforms. A total of 95 ddPCR probes were
required, with 59 probes used for pathogenic analysis and
75 probes for somatic analysis. All probes underwent vali-
dation using patient tissue samples.

Amplicon-based NGS for detection of ctDNA

For each patient under evaluation, we selected the four
most common variants to design primer multiplexes. Library
preparation followed a two-step PCR process consisting of
25 cycles for gene-specific PCR and 30 cycles for indexing
PCR. The QIAGEN Multiplex PCR kit was used, and the li-
braries were purified using the MagSi-NGS PREP (magtivio)
system. To ensure the primers were effective in detecting
the chosen mutations, each multiplex was tested in the
patient’s tissue of origin. Libraries were quantified using the
QuantiFluor dsDNA Assay Kit, and the size of the libraries
was determined using the QIAxcel DNA Screening Gel
(QIAGEN). Separate sequencing runs were conducted on a
NextSeq instrument, using libraries from healthy controls as
well as the corresponding cfDNA sample obtained at the
postoperative timepoint, and using each primer multiplex.
Patients showing higher measurements than healthy
Volume 8 - Issue 6 - 2023
controls in at least two of the selected variants were clas-
sified as with MRD.
Statistical analysis

All analyses were carried out using R software version 4.3.0
(R Foundation, Vienna, Austria). Genomic variables and
MRD are presented as frequencies and percentages. Dif-
ferences in tumor-only versus germline testing were
analyzed using the Wilcoxon signed-rank test. The associa-
tion between quantitative variables was calculated by
Pearson correlation. The median disease-free survival was
estimated using the KaplaneMeier method. Univariable
analysis was carried out with Cox regression modeling. Plots
were carried out using the ggplot2 and ComplexHeatmap
packages in R. ShapiroeWilk tests were carried out to
evaluate normal distribution. P values were considered
significant if P < 0.05 based on two-sided testing.
RESULTS

Genomic profiling of localized CC by sequencing primary
tumor and matched WBCs

DNA extracted from tumor tissue and WBCs from a
consecutive series of 148 patients with localized CC (stage I-
III) was sequenced on a NextSeq platform at a median
depth of 769� and 837�, respectively (Supplementary
Materials, available at https://doi.org/10.1016/j.esmoop.
2023.102051).10 We examined somatic mutations in tu-
mor tissue using an in-house designed panel of 29
frequently mutated genes in CC.10 The mutations detected
in tumor tissue were categorized as either germinal or so-
matic according to their presence in peripheral blood.
https://doi.org/10.1016/j.esmoop.2023.102051 3
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Figure 2. Somatic mutational landscape using the tumor-only testing versus germline testing approach.
(A) Waterfall plot of somatic mutations by the tumor-only approach classified by public databases. Synonymous and intronic variants are not included in the plot. (B)
Violin plot comparing the number of somatic mutations obtained using the tumor-only approach (left) and the germline testing (right) approach. (C) Violin plot
comparing the number of germline mutations obtained using the tumor-only approach (left) and the germline testing (right) approach.
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We detected somatic mutations in all patients (n ¼ 148;
Figure 1A) using an optimized in-house bioinformatics
pipeline to reduce background noise in variant calling. As
expected, driver genes such as APC (86.45%), TP53
(66.22%), KRAS (45.27%), PIK3CA (31.76%), and BRAF
(23.65%) were detected among the top 10 mutated genes.
In contrast to our previous analysis,10 in which pathogenic
mutations were only found in 132 patients (89.2%; median
2; range: 0-6), by adding WBC testing we could detect so-
matic mutations in all patients (median 11; range 1-234).
This resulted in changes to the top 10 mutated genes with
the highest allele mutation frequency (VAF; Figure 1B).
Added value of sequencing tumor tissue and paired WBCs

Among the major constraints in monitoring MRD are iden-
tifying molecular abnormalities to be followed in plasma at
4 https://doi.org/10.1016/j.esmoop.2023.102051
the time of diagnosis and the high frequency of false-
positive DNA results.8 Therefore we evaluated whether
incorporating WBC sequencing data for classifying muta-
tions as somatic or germinal variants would yield greater
precision than relying on public genomic databases (which
use only tumor data) and would also thus help lower the
false-positive rate. The mutational landscape from both
germline testing and tumor-only sequencing approaches is
shown in Figures 1A and 2A, respectively. Our study cohort
showed that the top 10 mutated genes varied depending on
whether germline testing or tumor-only testing was
analyzed. According to the tumor-only data, the most
commonly mutated gene was KMT2C (146/148, 98.65%),
whereas when germline testing was conducted, KMT2C was
only present in 23% (34/148) of cases. A similar result was
observed when analyzing TGFBR2 mutations. It is note-
worthy that well-established CC drivers such as APC
Volume 8 - Issue 6 - 2023
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Figure 3. Mutations identified from white blood cell (WBC) sequencing.
(A) Waterfall plot of germline mutations detected in the cohort. (B) Number of clonal hematopoiesis of indeterminate potential (CHIP) mutations detected. (C) Cor-
relation of variant allele frequency for CHIP mutations detected in cell-free DNA and WBCs.
UTR, untranslated region; VAF, variant allele frequency.
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(86.49%), TP53 (68.92%), KRAS (45.95%), and PIK3CA
(31.76%) were less commonly found mutated when
analyzing tumor-only data. Furthermore, a significantly
higher number of somatic mutations were identified by
analyzing tumor-only data compared with germline testing
(Wilcoxon test, P value ¼ 2.2 � 10e16; Figure 2B). As ex-
pected, the use of tumor-only data significantly decreased
the germinal mutation count (Wilcoxon test, P value ¼
2.2 � 10e16; Figure 2C). These findings imply that carrying
out germline sequencing could help prevent the possibility
of misidentifying significant mutations, resulting in more
accurate monitoring.26
Detection of germline alterations and clonal
hematopoiesis

Although its primary purpose is to assist in treatment de-
cision making, tumor testing can also uncover the existence
Volume 8 - Issue 6 - 2023
of germline variants, which has important clinical implica-
tions for both patients and their relatives.27 In our study,
sequencing tumor tissue and paired WBCs enabled us to
differentiate between somatic and germline mutations. Of
148 patients, nonsilent germline mutations were discovered
in 65 individuals (43.92%; Figure 3A), with FAT4 (11.49%),
APC (9.46%), and KMT2C (6.08%) being the most commonly
altered genes.We observed five distinct pathogenic variants
in APC, with a prevalence rate ranging from 0.67% to 2.68%,
and only one TP53 variant, with a prevalence rate of 1.34%.
In all cases, the VAF remained consistent in both WBC and
tumor (Table 1). These findings are noteworthy for patients
due to their potential association with hereditary cancer
syndromes.28

Most APC alterations detected across our cohort
(including p.Ser2621Cys, p.Ala2274Val, and Glu1317Gln) are
listed as benign in public databases and are categorized as
rare germline pathogenic variants.29,30 Nevertheless,
https://doi.org/10.1016/j.esmoop.2023.102051 5
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Table 1. Pathogenic germline variants

Involved genes Variant Patients (%) Median VAF in WBCs Median VAF in tumor Syndrome

APC p.Ser2621Cys 1.34 0.49 0.50 Familial adenomatous polyposis
Attenuated familial adenomatous polyposis
Gastric adenocarcinoma and proximal polyposis of the
stomach

APC p.Ser1400Leu 0.67 0.53 0.58
APC p.Ala2274Val 0.67 0.50 0.42
APC p.Glu1317Gln 2.68 0.49 0.44
APC p.Ile1307Lys 1.34 0.49 0.56
TP53 p.Val157Ile 1.34 0.48 0.61 LieFraumeni syndrome

Number of pathogenic germline mutations detected in the cohort. The number and percentage of patients affected by these mutations are also shown. The relationship of these
mutations with hereditary cancers is shown on the right side of the table.
VAF, variant allele frequency; WBC, white blood cell.
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variants such as p.Ser1400Leu and p.Ile1307Lys (observed
in three of our patients) have been identified as leading
factors for CC.31-33 The p.Val157Ile TP53 variant (found in
two patients within the cohort) has been observed in pa-
tients with several tumor types, including sarcoma and
breast cancer,34,35 and has been linked to hereditary cancer
in databases such as ClinVar.36

By contrast, germline testing reduced the false-positive
rate of CHIP-associated mutations.37 Our analysis of 118
plasma and matched WBC samples at the time of diagnosis
revealed CHIP-related mutations in 27% of patients, with
TP53 (11.02%), KRAS (5.08%), and KMT2C (2.54%) exhibiting
the highest VAF (Figure 3B). Consistent with previous
studies,38 the median mutant allele fraction among the 27
variants derived from WBCs was 0.62% (range 0.26%-
1.83%), which was comparable to the median mutant allele
fraction of the CHIP variants identified in cfDNA (median
0.44; range 0.14%-2.35%, P ¼ 0.07, Wilcoxon’s rank-sum
test). The correlation between CHIP-related mutation
levels in WBCs and in cfDNA (Pearson’s correlation
coefficient ¼ 0.63) is shown in Figure 3C.

Identification of potentially actionable mutations

We analyzed the sequencing results of tumor tissue and
paired WBCs which showed potentially actionable muta-
tions, subsequently consulting OncoKB39,40 to determine
the level of evidence for a molecular-matched approach for
each mutation detected (Table 2).40 Of a total of 148 pa-
tients, 60 (40.54%) had one or more actionable targets,
among which KRAS was the most frequently mutated gene
(39.19%), followed by PIK3CA (21.62%). The percentages of
ARID1A (9.46%), NRAS (6.08%), BRAF (5.41%), and PTEN
Table 2. Potentially actionable mutations detected in tumor samples

Genes Druggable
mutations (n)

Patients
(%)

Treatment

PIK3CA 37 21.62 Alpelisib
ARID1A 18 9.46 PLX2853, Tazemetostat
NRAS 9 6.08 Binimetinib
BRAF 8 5.41 Selumetinib, Trametinib, Encorafenib,

Dabrafenib, Vemurafenib
PTEN 6 3.38 GSK2636771, AZD8186
KRASG12C 4 2.70 Sotorasib, Adagrasib

Number of targetable mutations identified in the cohort. The table shows the
treatment recommendations provided by the OncoKb database for each specific
alteration.
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(3.38%) alterations were smaller in the study population
and compatible with previously published reports.41 This
highlights the significance of the KRASG12C mutation (2.7%)
as both a driver and a target for novel compounds.
ctDNA monitoring using tumor-only alterations compared
with the addition of WBCs

After filtering alterations from WBCs, all individuals had at
least one somatic mutation to be tracked in plasma, in
contrast to only 89% of patients who underwent tumor-only
sequencing (Supplementary Figure S1A, available at https://
doi.org/10.1016/j.esmoop.2023.102051).

Postoperative ctDNA was analyzed in 68 patients using
ddPCR based on patient-specific mutations to compare the
monitoring performance between the tumor-only approach
and the germline approach, in which the two most frequent
somatic mutations were selected. Although the germline
approach enabled the follow-up of more patients, there
were no notable variations in the performance of the two
techniques (proportion test, P value ¼ 0.43; Supplementary
Figure S1B, available at https://doi.org/10.1016/j.esmoop.
2023.102051). To determine whether monitoring a greater
number of mutations (beyond the two somatic mutations
with the highest VAF) could enhance the accuracy of MRD
detection, all somatic mutations with an available ddPCR
probe were assessed. This latter approach improved accu-
racy, but again no significant differences in postoperative
MRD detection were observed (proportion test, P value ¼
0.56).

NGS-based amplicons were also analyzed to enhance the
sensitivity of MRD detection.42,43 However, no significant
differences were observed compared with the ddPCR
technique (proportion test, P ¼ 1; Supplementary
Figure S1B, available at https://doi.org/10.1016/j.esmoop.
2023.102051).

NGS and ddPCR analysis were in good agreement in
postoperative ctDNA in the mutational profile
(Supplementary Figure S3A, available at https://doi.org/10.
1016/j.esmoop.2023.102051) and the VAF (P < 0.0001,
Supplementary Figure S3B, available at https://doi.org/10.
1016/j.esmoop.2023.102051). MRD detection in post-
operative plasma using ddPCR showed an HR of 4.59 (P ¼
0.0005; Supplementary Figure S4A, available at https://doi.
org/10.1016/j.esmoop.2023.102051), whereas the
amplicon-based NGS technique had an HR of 5.12 (P ¼
Volume 8 - Issue 6 - 2023
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0.0037; Supplementary Figure S4B, available at https://doi.
org/10.1016/j.esmoop.2023.102051) for disease-free
survival.
DISCUSSION

Colorectal cancer is a significant public health problem and
the second leading cause of cancer-related deaths world-
wide.1 The most dramatic statistics concern the younger
population; the incidence of this cancer is estimated to
double among under 50-year old by 2030.44 This highlights
a need to more precisely identify patients at a higher risk of
relapse and to develop better adjuvant treatment. Patho-
logic staging has so far served to help clinicians identify
patients at risk of recurrence.2 However, w15%-30% of
patients experience relapse despite receiving optimal initial
treatment.

ctDNA has emerged as a promising prognostic and
possibly predictive biomarker in the management of pa-
tients with localized CRC. ctDNA has shown various poten-
tial applications, including MRD detection, early recurrence
monitoring, molecular profiling, and prediction of thera-
peutic response.45 Nonetheless, liquid biopsy has certain
limitations, such as false-positive and false-negative results
in ctDNA, which pose challenges in detecting MRD.3-12

The aims of this study were to reduce the false-positive
rate in MRD detection and to identify new variants
through paired tumor tissue and WBC sequencing. In our
previous study, in which only tissue from the primary tumor
was sequenced, only 89% of patients had at least one
mutation that could be tracked in plasma during follow-
up.10 Because of the absence of WBCs to ensure a reliable
NGS result, only pathogenic variants were selected. As a
result, 11% of patients lacked mutations that could be
monitored in plasma, thus precluding MRD evaluation. By
contrast, matched tumor tissue and WBCs sequencing
(hereafter referred to as germline testing) not only permits
the detection of any somatic mutations, whether patho-
genic or otherwise, but can also distinguish them from
germline mutations. This approach enabled the detection of
at least one somatic mutation for monitoring in plasma in
all (100%) patients in our sample, thereby increasing the
number of patients eligible for MRD tracking.

In concurrence with the literature, the top 10 most
frequently mutated genes occur in driver genes in CC such
as TP53, APC, KRAS, PIK3CA, and BRAF, regardless of
whether only pathogenic variants or any somatic mutations
are considered.39 Taking the latter data into account,
however, resulted in changes to the top 10 mutated genes,
with the emergence of five new genes (ARID1A, FAT4, FLNA,
SOX9, and KMT2C) not initially identified. This points to the
importance of germline testing to detect further somatic
mutations.

It should be noted that in this study, we used a custom
panel of 29 genes frequently mutated in CRC,10 acknowl-
edging the limitations inherent to this method. To assess the
theoretical detection sensitivity of the sequencing approach
in CC, we determined the proportion of CC in The Cancer
Volume 8 - Issue 6 - 2023
Genome Atlas database46 with alterations in one or more of
the 29 analyzed genes. These analyses showed that our
targeted panel would have a sensitivity of w82.4%, given
that 435 of 528 CC cases had at least one alteration in these
genes (Supplementary Figure S5, available at https://doi.
org/10.1016/j.esmoop.2023.102051). In addition, we
detected at least one mutation at diagnosis in all patients in
our cohort, which contrasts with other tumors such as
breast cancer where the lower molecular alteration detec-
tion rate reduces the number of patients eligible to be
monitored in plasma and thus the MRD detection rate.47 In
addition, the sensitivity to detect ctDNA immediately after
surgery using our CC driver gene panel is 53%, slightly lower
than has been reported in commercial assays.11 This
sensitivity increases throughout mutation tracking due to
the increase in tumor burden over time.10

Recently, the recommendations of two groups of experts
in the field of ESMO and ASCO have pointed to next-
generation sequencing-based multigene assays as the
preferred method for detecting MRD, as opposed to ddPCR-
based assays.42,43 For this reason, we compared ddPCR and
amplicon-based NGS for sensitivity to MRD. Unfortunately,
no improvement in MRD accuracy was observed using
amplicon-based NGS, probably due to the small number of
patients analyzed.48

The prevalence of CHIP mutations increases as individuals
age, and these mutations have been found at low levels in
up to 95% of noncancer patients aged 50-60 years.49 Initial
studies have focused primarily on CHIP mutations in genes
known to be associated with hematological malignancies,
such as TET2, DNMT3, JAK2, and ASXL1, which have limited
relevance in solid tumors such as CC. However, subsequent
studies have also identified mutations in other genes,
including TP53 and KRAS, which could contribute to false-
positive results when detecting MRD in patients with
CC.50 To decrease the false-positive rate, we sequenced
cfDNA paired with WBCs and identified mutations in CHIP-
associated genes in 27% of our cohort, with TP53, KRAS, and
KMT2C being the most frequently mutated genes according
to the literature.51 Use of WBCs therefore ensures precise
interpretation of genetic variations to accurately detect
MRD.

Germline sequencing may also have certain ethical im-
plications.27 In our cohort, 9.2% of individuals presented
pathogenic or likely pathogenic mutations in genes such as
TP53 or APC, which are associated with hereditary cancer
syndromes such as LieFraumeni, familial adenomatous
polyposis, attenuated familial adenomatous polyposis and
gastric adenocarcinoma, and proximal polyposis of the
stomach.52

Likewise, using germline sequencing we could identify
actionable mutations that could potentially improve MRD
management, coinciding with interventional targeted ther-
apy trials in the advanced setting.53 We observed that 40%
of the cohort had targetable alterations at diagnosis,
including oncogenic mutations in the RAS/RAF, PI3K, and
WNT pathways and tumor suppressor pathways. Patients
with actionable molecular aberrations may derive greater
https://doi.org/10.1016/j.esmoop.2023.102051 7

https://doi.org/10.1016/j.esmoop.2023.102051
https://doi.org/10.1016/j.esmoop.2023.102051
https://doi.org/10.1016/j.esmoop.2023.102051
https://doi.org/10.1016/j.esmoop.2023.102051
https://doi.org/10.1016/j.esmoop.2023.102051
https://doi.org/10.1016/j.esmoop.2023.102051


ESMO Open F. Gimeno-Valiente et al.
benefit from targeted therapies tailored to their specific
alterations than from standard treatments. Accurate selec-
tion of targeted agents based on molecular alterations can
significantly enhance treatment decisions and overall
management, particularly in patients with advanced
cancer.41

The assay used in this study is based on a tumor-
informed approach. The two techniques currently used for
MRD assessment are the tumor-informed approach and the
tumor-agnostic approach. To date, no comparative data are
available on these two assays in terms of MRD detection
sensitivity, but ongoing prospective trials will provide more
information in this regard.54,55

CONCLUSIONS

Our findings demonstrate that utilizing both tumor DNA and
paired WBCs for sequencing not only expands the pool of
patients eligible for monitoring MRD in plasma, but also
reduces the frequency of false-positive results.
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