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Abstract
Background: Gastrointestinal cancers are among the most 
common cancers worldwide and account for a high propor-
tion of cancer-related mortality. Advancements to improve 
outcomes are constrained by the lack of biomarkers that can 
offer early diagnostic and prognostic information as tradi-
tional serological tumour markers and conventional imag-
ing approaches are not able to provide early information 
regarding disease recurrence and treatment outcomes. Re-
cent advances in technology have allowed the detection of 
circulating tumour DNA (ctDNA) in plasma, nucleic acid 
fragments released into the circulation from primary or met-
astatic lesions undergoing apoptosis and necrosis. A grow-
ing body of evidence has emerged supporting the use of 
ctDNA in many aspects of cancer care. Summary: This re-
view focuses on the potential role of ctDNA in the manage-
ment of patients with gastrointestinal cancers including 
colorectal, pancreatic, and upper gastrointestinal cancers. 
In this review, we discuss its possible utility in screening, de-
tection of minimal residual disease and prognostication, 
longitudinal surveillance, and identification of therapeutic 
targets and resistance incorporating recent literature and 

ongoing randomised clinical trials. Key Messages: ctDNA 
has substantial potential as a clinically useful marker in the 
management of gastrointestinal cancers from cancer 
screening through to treatment of advanced disease.

© 2020 S. Karger AG, Basel

Introduction

Cell-free deoxyribonucleic acid (cfDNA) are DNA 
fragments that can be found circulating in plasma and 
other bodily fluids. In 1989, Stroun et al. [1] were the first 
to demonstrate that a proportion of cfDNA detected in 
cancer patients was derived from cancer cells. Now wide-
ly known as circulating tumour DNA (ctDNA), these tu-
mour-derived genetic fragments are thought to be re-
leased from primary and metastatic sites of cancer, by 
apoptosis or necrosis, as well as from circulating tumour 
cells [2]. Since its discovery, an evolving field dedicated to 
the detection and interrogation of ctDNA as a biomarker 
in early diagnosis, detection of recurrence, and its poten-
tial role in driving treatment decision-making has 
emerged.

Broadly, there are two different approaches to ctDNA 
detection [3]. The first is a tumour-informed approach in 
a patient with known malignancy, requiring prior knowl-
edge of target mutations specific to the tumour, usually 
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assessed through whole exome sequencing or targeted 
next-generation sequencing of tumour tissue, to inform 
what mutation(s) are to be detected in the plasma. Meth-
ods that adopt this tumour-informed approach include 
targeted sequencing platforms modified with molecular 
barcoding methods and error-suppression algorithms 
such as Safe-Seqs (Safe Sequencing System) and CAPP-
Seq (CANcer Personalized Profiling by deep Sequencing) 
as well as PCR platforms such as droplet digital PCR and 
BEAMing. The second approach is tumour agnostic (or 
non-tumour informed), analysing plasma samples for 
mutations without prior analysis of tumour tissue, target-
ing frequently mutated cancer genes (e.g., KRAS, EGFR), 
epigenetic changes, and other analytes in plasma. Al-
though both approaches have been adopted in clinical tri-
als, to date there is limited data to directly compare the 
two approaches and the optimal assay remains to be de-
fined.

As an easily accessible biomarker, the potential role of 
ctDNA in clinical cancer diagnosis and treatment has 
been widely speculated and continues to be explored. 
Proposed applications are summarised in Table 1.

In this review article, we aim to explore the current lit-
erature surrounding the clinical utility of ctDNA in gas-
trointestinal malignancies.

Colorectal Cancer

Screening
The Australian National Bowel Cancer Screening Pro-

gram provides biennial immunochemical faecal occult 
blood test screening for people aged 50–74 years. While 
proven to reduce cancer incidence and cancer deaths, 
only 42% of invited participants complete the test [4]. No-
tably, it has been demonstrated that patients prefer a 

blood test as the chosen modality of non-invasive screen-
ing for colorectal cancers (CRC) suggesting that incorpo-
ration of ctDNA testing may improve compliance [5]. 
Our group used a tumour-informed approach to analyse 
patients with newly diagnosed CRC, detecting plasma 
ctDNA in 46% of patients with stage I cancers, demon-
strating that ctDNA is present even in early-stage cancers 
[6]. Rates of detection were higher in locally advanced 
rectal cancers (80%) [6]. Similarly, Bettegowda et al. [7] 
analysed 640 patients with various cancer types; ctDNA 
was detected in 73% of patients with a localised CRC.

The aforementioned studies used a tumour-informed 
approach, a strategy which is not feasible when screening 
a well population. In this context, Cohen et al. [8] devel-
oped the multi-analyte CancerSEEK test, a blood-based 
test combining tumour-agnostic ctDNA detection and 
circulating protein biomarker assessment. Median sensi-
tivity amongst multiple eight cancer types including liver, 
stomach, pancreas, oesophagus, and colorectum was 70% 
(p < 10–96). This was lower for stage I cancers (43%) but 
varied between cancer types (liver cancer 100%, oesopha-
geal 20%). The primary site of the cancer was able to be 
localised to one of two anatomic sites in a median of 83% 
of these patients (p < 10–77). Further studies adopting 
such a tumour-agnostic approach to ctDNA screening in 
large asymptomatic populations are needed to validate 
this approach. Impacts on health economics, potential 
harm from unnecessary interventions, and patients’ psy-
chological health also need to be addressed before ctDNA 
can be routinely incorporated into CRC screening.

Detection of Minimal Residual Disease
ctDNA has been demonstrated to detect minimal re-

sidual disease, defined as the occult presence of cancer 
cells after curative intent treatment that will eventually 
lead to relapse. In a prospective cohort of 230 patients 

Table 1. Proposed applications of circulating tumour DNA (ctDNA) in clinical practice

Application Proposed utility

Screening – Identifying biomarkers that could be used as a cancer screening tool to detect early-stage and
asymptomatic cancers allowing earlier intervention 

Detection of minimal
residual disease

– Detection of ctDNA after curative intent surgery has been shown to correlate with an increased
risk of relapse, thus offering prognostic information
– Allowing a risk-adjust approach to adjuvant treatment, including escalating or de-escalating
treatment intensity based on ctDNA analysis

Longitudinal
surveillance

– Serial monitoring of ctDNA during and after adjuvant treatment to allow early identification of
relapse or progression prior to clinical or radiological manifestation

Identifying therapeutic
targets and resistance

– Identifying presence of clinically actionable mutations; especially beneficial in cases where tumour
tissue cannot be easily retrieved and may better reflect tumour heterogeneity
– Identifying mechanisms of resistance to targeted treatment
– As an early measure of tumour response to treatment
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with resected stage II colon cancers, we showed that pa-
tients with detectable ctDNA post-surgery have marked-
ly reduced recurrence-free survival compared to those 
that did not (HR 18; 95% CI 7.9–40) [9]. The prognostic 
impact of post-surgery ctDNA was similarly observed in 
patients with locally advanced rectal cancer treated with 
neoadjuvant chemoradiotherapy and surgery (3-year 

RFS 33 vs. 87%, positive versus negative ctDNA) [10]. 
Reinert et al. [11] reported similar data in patients with 
stage II to III CRC, demonstrating that ctDNA detection 
was associated with reduced RFS (HR 7.2; 95% CI 2.7–
19.0). In all three studies, multivariable analysis con-
firmed that ctDNA was an independent biomarker of re-
lapse.

Table 2. Examples of ongoing ctDNA-guided randomised clinical trials in localised gastrointestinal malignancies

Trial name Country Study population Target
sample size

Study design Primary  
endpoint

Colorectal cancer
DYNAMIC II
(ACTRN12615000381583)

Australia Curatively resected stage II 
colon cancer

450 Randomised controlled; randomised 2:1 to ctDNA-informed or standard 
of care adjuvant chemotherapy
Intervention:
– ctDNA arm: adjuvant chemotherapy if positive, surveillance if negative
– Standard of care arm: at investigator’s discretion

3-year 
recurrence-
free survival

CIRCULATE
(NCT04089631)

Germany,
Austria,
Sweden

Curatively resected stage 
colon and high rectum 
adenocarcinoma

4,812 Phase III randomised controlled; ctDNA-positive patients randomised 
2:1 to adjuvant chemotherapy (capecitabine ± oxaliplatin) or  
trial-scheduled follow-up; ctDNA-negative patients randomised 1:4  
to trial-scheduled follow-up or standard of care follow-up

Disease-free
survival

PRODIGE 70 –  
CIRCULATE
(NCT04120701)

France Curatively resected stage II 
colon and high rectum 
adenocarcinoma

1,980 Phase III randomised controlled; randomised to chemotherapy  
arm (FOLFOX6m; all patients in this arm will have ctDNA tested),  
trial-scheduled follow-up or standard of care follow-up

3-year disease-
free survival

NRG-GI005 (COBRA)
(NCT04068103)

United States Curatively resected stage 
IIA adenocarcinoma of the 
colon and appropriate for 
active surveillance (i.e., no 
adjuvant chemotherapy)

1,408 Phase II/III randomised; patients in experiment arm II assigned to 
ctDNA positive (Group 1) and ctDNA negative (Group 2)
Intervention:
– Group 1: FOLFOX or XELOX at investigator’s discretion. 
– Group 2: active surveillance

Rate of ctDNA
“clearance”; 
3-year 
recurrence-
free survival

DYNAMIC III
(ACTRN12617001566325)

Australia Curatively resected stage III 
colon cancer

1,000 Phase II/III randomised; randomised 1:1 to ctDNA-informed or standard 
of care adjuvant chemotherapy
Intervention:
– ctDNA arm: escalation of planned adjuvant chemotherapy regimen if 
ctDNA positive; de-escalation if negative
– Standard of care arm: at investigator’s discretion

3-year 
recurrence-
free survival

COLUMBIA 2
(NCT04145193)

International Resected stage II and III, 
microsatellite-stable, 
ctDNA-positive colorectal 
cancer

160 Phase II study; randomising post-surgery ctDNA-positive patient 1:1:1:1 
to standard of care adjuvant chemotherapy or chemotherapy and novel 
oncology therapies
Intervention:
– mFOLFOX6
– mFOLFOX + durvalumab
– mFOLFOX, durvalumab + oleclumab
– mFOLFOX6, durvalumab + monalizumab

Rate of ctDNA
“clearance”

DYNAMIC Rectal
(ACTRN12617001560381)

Australia Locally rectal cancer treated 
with pre-operative long-
course chemoradiation and 
surgery

408 Randomised controlled; randomised 2:1 to ctDNA-informed or standard 
of care adjuvant chemotherapy 
Intervention:
– ctDNA arm: 4 months of adjuvant fluoropyrimidine-based 
chemotherapy if ctDNA positive or negative with high-risk features 
(based on standard pathology risk assessment)
– Standard of care arm: at investigator’s discretion

3-year 
recurrence-
free survival

Pancreas cancer
DYNAMIC Pancreas
(ACTRN12618000335291)

Australia Locally advanced 
adenocarcinoma of the 
pancreas treated with pre-
operative chemotherapy 
and surgery

438 Phase II/III randomised controlled; if received neoadjuvant 
FOLFIRINOX chemotherapy, randomised 1:1 to standard of care 
(Cohort A) or ctDNA-informed (Cohort B) adjuvant chemotherapy.  
If curative surgery alone, enrolled to Cohort C (observational arm,  
non-randomised)
Intervention:
– Cohort A: at investigator’s discretion
– Cohort B: 4–6 months of gemcitabine-based doublet chemotherapy if 
ctDNA positive; 3 months of FOLIFIRINOX if negative
– Cohort C: escalated, de-escalated, or switched from intended adjuvant 
chemotherapy based on ctDNA result

2-year 
recurrence-
free survival

Solid organ cancers
NCT03832569 United States MSI-H solid organ cancers 

with positive ctDNA within 
4–5 months after 
completion of standard of 
care therapy (surgery, 
chemotherapy, radiation)

48 Phase 2 randomised, double-blind study; randomised to either 
pembrolizumab or placebo

Disease-free
survival
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Based on these studies, it is clear that ctDNA can be 
used to identify patients at high risk of relapse post-cura-
tive intent treatment. For stage II colon cancers, where 
the survival impact of chemotherapy remains uncertain, 
ctDNA detection post-surgery could define a cohort like-
ly to benefit from adjuvant chemotherapy (ACT). Vari-
ous international studies (Table 2) are currently explor-
ing either a ctDNA-based adjuvant strategy, randomising 
patients to a ctDNA informed arm where treatment is 
based on ctDNA result versus standard-of-care adjuvant 
treatment (e.g., DYNAMIC and COBRA), or a ctDNA-
by-treatment interaction design, in which ctDNA-posi-
tive patients are randomised to investigational therapy 
versus control and ctDNA-negative patients can undergo 
the same randomisation or are offered standard treat-
ment (e.g., CIRCULATE). For stage III cancers, ctDNA 
could be used to stratify risk, patients with detectable  
ctDNA being candidates for more intense adjuvant ther-
apy and surveillance, whereas the low-risk patients with 
undetectable ctDNA may be managed with de-escalated 
treatment without compromising survival outcomes. The 
currently recruiting DYNAMIC-III trial is exploring this 
approach. The ability of post-operative ctDNA positivity 
to enrich for very-high-risk patients could also help expe-
dite novel drug development in the adjuvant setting. Sev-
eral industry-led trials have begun using this strategy.

Longitudinal Surveillance
Evaluation of ctDNA dynamics during and following 

ACT may serve as an early indicator of treatment out-
come. It has been shown across both stage II and III CRCs 
that ctDNA positivity after ACT is associated with poorer 
RFS [11, 12]. This appears to demonstrate that persistent 
detection of ctDNA post-ACT reflects presence of micro-
metastatic disease, which ultimately is the source of clin-
ical recurrence. Serial monitoring during post-treatment 
surveillance also appears to predict relapse with signifi-
cant lead time over serological CEA monitoring, ranging 
from 100 days to 8.7 months across different studies. 
These studies tested ctDNA at different time points and 
did not perform imaging with each ctDNA analysis, like-
ly accounting for the variation in lead time. Despite this, 
these studies illustrate that earlier detection of recurrence 
may be possible with incorporation of longitudinal  
ctDNA testing into surveillance programs. But whether 
bringing forward the diagnosis of recurrence impacts sur-
vival outcomes is a key unanswered question.

In the metastatic setting, ctDNA dynamics may reflect 
treatment response. In a study of 53 patients with meta-
static CRC (mCRC) receiving first-line chemotherapy, a 
10-fold reduction in ctDNA mutant allele fraction 2 
weeks after commencing chemotherapy correlated with a 
radiological response at 8–10 weeks [13]. A later study 
demonstrated that changes in ctDNA concentration even 

as early as 1 week after initiation of chemotherapy also 
predicted for response and PFS [14]. Therefore, ctDNA 
monitoring may allow early prediction of response or 
progression, but how this should guide treatment deci-
sion-making remains uncertain.

Identifying Therapeutic Targets and Resistance
The standard treatment of mCRC that are wild-type 

for KRAS and NRAS includes EGFR blockade, although 
benefit is limited in patients with a right-sided primary 
tumour. Current assessment of mutation status is based 
on analysis of tumour tissue, but ctDNA could provide an 
easier method of detection. Many studies have shown a 
high concordance (∼90%) between RAS status in matched 
cfDNA and tumour tissue samples, with sensitivities and 
specificities ranging from 70 to 96% and 83 to 98%, re-
spectively [15]. Reasons for the failure to detect RAS mu-
tation in the plasma have been shown to be largely due to 
the lack of ctDNA being released by the tumour, which is 
associated with low tumour burden, peritoneal, nodal, or 
lung metastases, and mucinous histology [15]. Several 
retrospective studies have also observed similar outcomes 
in patients with mCRC who were treated with anti- 
EGFR-based regimens based on RAS status that was de-
termined by tissue or plasma testing [16, 17].

Using serial ctDNA tracking, two landmark studies in-
dependently revealed acquired KRAS mutations as sec-
ondary mechanisms of resistance to anti-EGFR therapy 
with these emerging mutations preceding radiological 
progression by several months [18, 19]. One strategy to 
overcome resistance is the temporary withdrawal of an 
anti-EGFR antibody, which results in a decline in RAS-
resistant clones and thus opening up an opportunity for 
an anti-EGFR rechallenge [20]. To highlight the utility of 
this ctDNA-guided rechallenge strategy, ctDNA analysis 
was performed in the phase II CRICKET study, which 
involved rechallenge of patients with RAS and BRAF 
wild-type mCRC in the third-line setting who had ac-
quired resistance to first-line cetuximab and irinotecan 
[21]. In this study, none of the 6 patients who responded 
to an anti-EGFR rechallenge had RAS mutations found in 
their plasma, translating into a longer PFS in these pa-
tients compared to those with RAS mutated ctDNA at the 
time of rechallenge (median PFS, 4.0 vs. 1.9 months). The 
ongoing ctDNA-guided CHRONOS trial (Rechallenge 
with Panitumumab Driven by RAS Dynamic of Resis-
tance; NCT 03227926) aims to assess the efficacy of initi-
ating panitumumab rechallenge when circulating RAS 
mutation load decreases by over 50% compared to the 
mutation load at the time of progression on first-line an-
ti-EGFR therapy.
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Pancreatic Ductal Adenocarcinoma

Screening
Although CA19-9 is used as a serological biomarker 

for pancreatic ductal adenocarcinoma (PDAC), it is not 
currently recommended as a screening tool in asymp-
tomatic patients. Mutations in the KRAS are the earliest 
genetic alteration driving pancreatic neoplasia and are 
present in > 90% of PDACs, making it an potential screen-
ing biomarker [22]. An early study analysing somatic 
KRAS mutations in cfDNA in newly diagnosed patients 
reported detection rates of 42.9% in stage I and 54.5% in 
stage II disease [23]. Other studies have reported sensi-
tivities ranging from 30 to 65% [24, 25]. One possible 
strategy to improve sensitivity is to combine ctDNA de-
tection with other biomarkers, an approach used by Co-
hen et al. [26] to assess 221 patients with resectable PDAC. 
Using multiple targets, including elevated serological 
CA19-9 and a select panel of protein markers along with 
ctDNA detection of KRAS mutations, they achieved im-
proved sensitivity with this combined biomarker ap-
proach compared to any one in isolation. Such an ap-
proach could be adopted as a screening tool but larger 
prospective studies are needed to validate this strategy in 
a large asymptomatic patient population.

Detection of Minimal Residual Disease
Our group investigated the prognostic value of pre- 

and post-operative KRAS mutant ctDNA detection in 42 
patients with resected early-stage PDAC [27]. It is noted 
that none of these patients had received neoadjuvant 
treatment and adjuvant treatment was blinded to the  
ctDNA analysis. Pre-operative detectable ctDNA was as-
sociated with an increased risk of recurrence (HR 4.1; 
95% CI 1.8–9.0) and inferior survival (HR 4.1; 95% CI 
1.6–10.5). This suggests that patients with positive pre-
treatment ctDNA are less likely to be cured by surgery 
alone and could benefit from more aggressive neoadju-
vant therapy. Evidence to support this was demonstrated 
by Groot et al. [28], who reported that patients with 
PDAC given neoadjuvant treatment were less likely to 
have detectable pre-operative ctDNA (21 vs. 69%). Detec-
tion was associated with decreased median RFS (8 vs. 19 
months; p < 0.001) and poorer survival (14 months vs. not 
reached, p < 0.001). Furthermore, all patients who re-
mained ctDNA positive after neoadjuvant treatment ulti-
mately recurred at a median RFS of 5 months from sur-
gery. This suggests that ctDNA may effectively treat mi-
crometastatic disease; however, what treatment strategies 
should be adopted if ctDNA was to be present post-neo-
adjuvant treatment needs to be explored.

Several studies have demonstrated that post-operative 
ctDNA detection is associated with a shorter time to re-
currence [27, 29, 30]. Given this association, the key ques-

tion is whether clearance of ctDNA by adjuvant therapy 
can predict improved outcomes. The currently recruiting 
DYNAMIC-Pancreas study aims to explore the benefit of 
intensified adjuvant therapy approach in patients with 
positive post-operative ctDNA (Table 2). The study will 
randomise patients who have undergone neoadjuvant 
chemotherapy followed by curative surgery to either a 
standard of care adjuvant treatment arm or ctDNA-in-
formed arm (ctDNA-negative patients will receive a fur-
ther 3 months of adjuvant modified FOLIFIRINOX, but 
those with positive ctDNA will be switched to 4–6 months 
of adjuvant gemcitabine-based doublet therapy).

Longitudinal Surveillance
Several studies have demonstrated that ctDNA posi-

tivity is an independent prognostic marker of OS in ad-
vanced PDACs [31, 32]. Pietrasz et al. [32] measured  
ctDNA in 104 patients with advanced PDAC, demon-
strating that ctDNA detection was associated with poorer 
survival outcomes (median OS 6.5 vs. 19.0 months, p < 
0.001) and on multivariate analysis, was an independent 
prognostic biomarker of OS (HR 3.46; 95% CI 1.40–8.50). 
This suggests that ctDNA detection can help identify pa-
tients who are likely to have a worse outcome and may 
benefit from a more intensive approach to their chemo-
therapy treatment.

ctDNA may also play a role as a biomarker of treat-
ment response. In a cohort of 54 patients receiving che-
motherapy for advanced PDAC, increase in KRAS mu-
tant ctDNA predicted disease progression with 83% sen-
sitivity and 100% specificity [33]. Rapid changes in ctDNA 
levels were evident even within 14 days of initiation of 
chemotherapy and correlated to later radiological re-
sponse. Importantly, ctDNA had a superior lead time 
over traditional biomarkers such as CA19-9. Other stud-
ies have also demonstrated lead time ranging from 1 to 2 
months [31, 34]. These studies demonstrate that ctDNA 
allows earlier detection of treatment failure; however, 
what impacts this should have on treatment decision-
making remains to be addressed.

Identifying Therapeutic Targets and Resistance
PDACs are associated with multiple genetic altera-

tions of driver genes such as KRAS, CDKN2A, ERRB2, 
Wnt, BRCA1, and BRCA2 [35, 36]. Some of these repre-
sent potential targets for systemic treatment, for example 
maintenance olaparib, a PARP inhibitor, recently dem-
onstrated efficacy in metastatic PDACs harbouring 
germline BRCA1 or BRCA2 mutations [37]. Studies have 
demonstrated high concordance rates (82–95%) between 
ctDNA and tissue mutation detected in patients with 
PDAC [38]. As proof-of-principle, Patel et al. [39] re-
ported a case of on an 83-year-old man with locally ad-
vanced PDAC in whom blood-derived ctDNA revealed 
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EGFR G1022S, GNAS R201C, KRAS G12D, MTOR 
D285fs, and NF1 D1976fs alterations. He was deemed an 
unsuitable candidate for aggressive chemotherapy and 
was instead treated with trametinib, potentially targeting 
the identified GNAS, KRAS, and NF1 alterations. At the 
time of reporting of this study, the patient remained on 
treatment at 26+ weeks. Subsequent serial ctDNA could 
no longer detect EGFR, GNAS, KRAS, and MTOR muta-
tions. This case illustrates the possible role that ctDNA 
can play in guiding and personalising treatment deci-
sion-making.

Upper Gastrointestinal Cancer

Screening
Population-based screening for gastric cancers with 

radiological or endoscopic examination has been imple-
mented in countries with a high prevalence such as Japan 
and Korea. Given the resource requirements, efforts have 
been made to develop blood-based screening, but these 
have yet to be adopted into standard practice.

ctDNA could serve as a serological screening test, but 
the correlation between ctDNA detection and early-stage 
gastric cancers is unclear. An analysis of 20 patients with 
non-metastatic gastric cancer demonstrated that only 4 
had detectable ctDNA at baseline [40]. The CancerSeek 
platform, combining ctDNA detection with protein bio-
markers, reported improved sensitivity rates of 73 and 
70% in non-metastatic gastric and oesophageal cancers, 
suggesting one strategy to improve detection [8]. Lin et 
al. [41] also adopted a tumour-agnostic approach, utilis-
ing methylation rates of three previously identified gas-
tric cancer-related genes, ZIC1, HOXD10, and RUNX3. 
In a series of patients with early and advanced gastric 
cancer as well as intestinal metaplasia, intraepithelial 
neoplasia, and healthy controls, methylation rates in-
creased significantly from normal controls to pre-inva-
sive lesions and gastric cancer. Of note, higher methyla-
tion rates of HOXD10 were found in advanced versus 
early gastric cancers. This early trial provides tantalising 
data in regards to how ctDNA could be used to not only 
detect early gastric cancers but also monitor pre-cancer-
ous lesions.

Detection of Minimal Residual Disease
The utility of ctDNA in upper gastrointestinal (UGI) 

cancers as a prognostic biomarker post-surgery has been 
explored. Maron et al. [42] measured the variant allele 
fraction (VAF) of somatic alterations in plasma from 
1,630 patients diagnosed with oesophageal, gastroesoph-
ageal junction (GOJ), or gastric adenocarcinoma. Pa-
tients with positive post-surgery ctDNA, using a VAF 
detection cut-off of 0.25%, had worse DFS than those 

with negative ctDNA (median 2.5 months vs. unreached, 
p = 0.03). A smaller study reported that detectable post-
surgery ctDNA predicted for relapse in 6 of 8 patients 
with a median lead time of 4.05 months to clinical recur-
rence [43]. A further study investigating ctDNA dynam-
ics in 11 patients with gastric cancer reported that cfDNA 
levels were initially elevated in the first 3 weeks post-sur-
gery but subsequently declined over the next 3 to 4 
months [44]. This emphasises that the optimal timing of 
ctDNA testing needs to be further defined. Future studies 
that incorporate post-surgical ctDNA status into treat-
ment selection in the adjuvant setting, ideally with a ran-
domised design compared to standard of care, are need-
ed to confirm the utility of ctDNA in improving treat-
ment decision-making in patients with resected UGI 
cancers.

Given that neoadjuvant treatment is standard for al-
most all potentially resectable UGI cancers, an important 
question is whether ctDNA detected after neoadjuvant 
treatment predicts relapse post-surgery. Azad et al. [45] 
analysed post-chemoradiotherapy plasma in early-stage 
oesophageal cancer patients and found that 5 out of 31 
were positive for ctDNA. These patients were found to 
be at a significantly increased risk of disease progression 
(HR 18.7; 95% CI 1.1–316.5), distant metastases (HR 
32.1; 95% CI 1.8–559.2), and disease-specific death (HR 
23.1; 95% CI 2.0–273.5) compared to ctDNA-negative 
patients. However, it must be noted that all 5 of these pa-
tients were treated with definitive chemoradiotherapy 
alone and did not undergo surgery. Based on this early 
evidence, it appears that ctDNA positivity post-initial 
chemoradiation is associated with a high relapse risk. 
How this risk should be addressed needs to explored in 
further studies.

Longitudinal Surveillance
Routine monitoring of CEA and CA19-9 during 

treatment is not recommended in published guidelines 
[46, 47]. Early data suggests that routine ctDNA moni-
toring could be developed to meet this important unmet 
need. Normando et al. [48] performed 3-monthly serial 
ctDNA testing, based on the ratio of expression of Alu 
DNA sequences (short DNA stretches associated with 
genomic instability) to total cfDNA, in patients with un-
resectable or advanced gastric cancer receiving systemic 
chemotherapy. In the 20 patients with serial ctDNA 
available for analysis, elevated levels of ctDNA detected 
3 months after the start of chemotherapy was signifi-
cantly correlated with poorer DFS (p = 0.022). Another 
study in patients with metastatic oesophageal/GOJ and 
gastric adenocarcinoma stratified patients as having 
high or low plasma VAF [43]. They hypothesised that a 
high maximal tumour somatic VAF (maxVAF) would 
reflect higher tumour burden and therefore be associ-
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ated with worst outcomes. Indeed, there appeared to be 
a trend to worse outcomes in high versus low patients 
(median OS 9.4 vs. 14.8 months, p = 0.1). They then an-
alysed ctDNA dynamics to predict response to treatment 
in 25 patients that had available longitudinal ctDNA 
within their first 150 days of treatment [43]. A decline of 
≥50% in maxVAF was associated with longer survival 
(median survival 13.7 vs. 8.6 months, p = 0.02), demon-
strating that ctDNA monitoring could predict treatment 
response.

Identifying Therapeutic Targets and Resistance
Standard therapeutic targets for advanced gastric, 

oesophageal, and GOJ cancers include HER2 and PD-
L1. Wang et al. [49] performed HER2 evaluation on 
matched tumour tissue (via dual in situ hybridisation) 
and plasma from 56 patients with advanced gastric can-
cer demonstrating high concordance (97.1%). They 
also reported plasma HER2 copy numbers appeared to 
correlate with treatment response, decreasing when pa-
tients were responding to treatment and then increas-
ing when disease progression occurred. A later study 
reported that increasing tumour burden index, a mea-
sure of the percentage of ctDNA targets in plasma, pre-
dicted for progression in patients with advanced gastric 
cancer receiving trastuzumab [50]. Further analysis of 
paired baseline and time-of-progression ctDNA in 10 
patients also revealed emergence of 86 secondary muta-
tions. The key molecular pathways most frequently al-
tered by these mutations were MAPK and EGFR, reveal-
ing that mechanisms of drug resistance are multifaceted 
and heterogeneous. These studies demonstrate that 
ctDNA interrogation of HER2 status can not only iden-
tify patients that would benefit from targeted therapy 
but also allow early evaluation of response and resis-
tance without the need for repeat sampling of tumour 
tissue.

The use of PD-L1 overexpression as a biomarker to 
predict response to immunotherapy has been demon-
strated to be unreliable across many cancer types, as even 
tumours with low levels of expression can have pro-
nounced and prolonged responses. Therefore, more ro-
bust markers are required. Kim et al. [51] performed mo-
lecular characterisation of tissue and ctDNA from 61 pa-
tients with metastatic gastric cancer receiving 
pembrolizumab. Patients with higher ctDNA mutation 
load at baseline appeared to have significantly improved 
overall response rates (83%; p < 0.01). Change in ctDNA 
6 weeks post-treatment also appeared to predict response, 
where all 4 patients who had increasing ctDNA experi-
enced progression within 100 days, whereas those with 
decreasing ctDNA showed improvements in ORR (58 vs. 
0%; p = 0.048) and PFS (median 123 vs. 66 days; p = 
0.029). This evidence needs to be validated in larger trials 

but if confirmed, could lead to the development of a reli-
able method of predicting and measuring response to im-
munotherapy not only for UGI cancers but other cancer 
types as well.

Conclusion

ctDNA analysis represents an exciting and dynamic 
biomarker for gastrointestinal cancers. It has been dem-
onstrated to be a marker of minimal residual disease after 
initial definitive treatment and offers prognostic infor-
mation in both localised and advanced disease. However, 
further work is needed to determine how detection 
should shape treatment decision-making. Several ongo-
ing randomised clinical trials are currently exploring the 
clinical utility of ctDNA-guided strategies in the adju-
vant setting, which include escalating treatment in  
ctDNA-positive patients and de-escalating treatment in 
ctDNA-negative patients (Table 2). Consideration 
should also be given to even earlier treatment adaptation, 
perhaps avoiding surgery and continuing with systemic 
treatment in patients with positive ctDNA post-neoadju-
vant treatment given the high risk of systemic relapse. 
Outcomes in patients could also be improved if ctDNA 
could be adopted as a screening tool and also employed 
to identify therapeutic targets and interrogate methods 
of treatment resistance. It is clear that further prospective 
trials are needed to explore all of these applications, but 
ctDNA clearly has substantial potential as a clinically 
useful marker in the management of gastrointestinal 
cancers from cancer screening through to treatment of 
advanced disease.
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