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Introduction

Gastrointestinal (GI) and hepatobiliary/pancreatic 
malignancies account for approximately 26.7% of all 
global cancers, but more importantly account for 36.5% 
of the global cancer related mortality (1). Long-term 
survival is achieved mainly in patients with early-stage 
disease. A substantial number of patients affected by these 
neoplasms may not have early presentation or receive 

timely treatment. In addition to surgical resection, (neo)
adjuvant systemic treatment is recommended by guidelines 
to minimize the risk of recurrence (2-4). The main objective 
of adjuvant chemotherapy in GI malignancies is to eradicate 
microscopic spread of the tumor at the time of diagnosis 
but are present after curative intent surgical resection, 
which by definition is not detected on routine imaging 
(e.g., computed tomography) or based on traditional tumor 
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markers (CEA, CA 19-9, AFP, etc.) (5,6). This state is also 
known as molecular residual disease (MRD) (6). However, 
all currently available histopathologic prognostic factors 
to guide adjuvant treatment are based on the probability 
of MRD, rather than actual detection of MRD. In other 
words, pathologic staging, in addition to ‘high risk’ features 
such as angiolymphatic and perineural invasion predict the 
probability of MRD for patients with a defined stage in 
general, but for the individual patient they can lead to over- 
or undertreatment since they cannot identify the actual 
MRD state for an individual patient (7).

Liquid biopsy assays detect circulating tumor DNA 
(ctDNA), short fragments of DNA released by tumor cells. 
Conventional static assays seek genomic alterations in a set 
number of pre-defined cancer-associated genes, independent 
of tumor tissue (6). While they have a high rate of specificity, 
and can guide treatment decisions in advanced disease 
based on detection of validated predictive markers, their 
sensitivity is dependent on tumor stage, i.e., disease volume. 
Thus, static assays have limited utility for the detection of 
MRD after surgical removal of all visible disease. On the 
other hand, a tumor-informed ctDNA assay first identifies 
16 tumor unique truncal mutations, and then uses a custom 
multiplex PCR assay to detect these 16 mutations in the 
plasma of patients for the presence of residual tumor (8,9). 
Using this approach, the sensitivity for MRD detection 
is improved by at least an order of magnitude compared 
to static assays. Furthermore, in addition to the tumor 
tissue, the patient’s blood is collected to compare with the 
tumor-derived mutations, excluding any potential clonal 
hematopoiesis of indeterminate potential (CHIP) mutations, 
which further increases the specificity of the assay (10). 
While the prognostic value of a positive MRD assay has 
been shown in initial studies for multiple tumor types (e.g., 
lung, bladder, breast), the largest body of evidence for GI 
cancers currently is for colorectal carcinomas (11-13).

Here, we sought to expand on currently available data 
for the role of tumor-informed ctDNA testing in a variety 
of GI malignancies, specifically with a focus on real world 
application of the test and inclusion of ethnic minorities 
which might be underrepresented in other published series. 
We present the following article in accordance with the 
STROBE reporting checklist (available at https://dx.doi.
org/10.21037/jgo-21-484). 

Methods

This was a retrospective chart review. Included patients 

were 18 years and older with a diagnosis of one of the 
following GI malignancies: cancers of the esophagus, 
stomach, small bowel, colon or rectum, anus, primary liver, 
bile ducts or pancreas. Patients with unknown primary 
cancer were excluded from this study. A personalized 
and tumor-informed multiplex PCR assay (SignateraTM 
bespoke mPCR NGS assay) was used for the detection and 
quantification of ctDNA. The technical details have been 
described previously (8). In brief, tumors underwent whole-
exome sequencing, and 16 high-ranked patient-specific 
somatic single-nucleotide variants and short indels were 
selected for each patient. Multiplex PCR primer pairs were 
generated based on the selected set of variants. Cell-free 
DNA was extracted from plasma, universal libraries were 
created by end repair, A-tailing, and ligation with custom 
adapters. The libraries were then amplified by multiplex 
PCR, barcoded, pooled, and sequenced on an NGS 
sequencing platform (HiSeq 2500 system, Illumina Inc.). 
Plasma samples with two or more variants detected were 
defined as ctDNA positive. The first plasma sample for all 
patients with Stage I-III cancers was drawn >4 weeks after 
curative intent surgery. For Stage IV cancers, surgery had 
either been performed previously for early stage disease, 
or for curative intent in those patients with oligometastatic 
disease. Serial time points were collected on a subset of 
patients to monitor their ctDNA levels in response to 
treatment. All patients included had at least one available 
bespoke ctDNA test result between October 2019 and 
February 2021. 

Statistical analysis

Following data were abstracted via chart review from 
eligible patients: age, gender, ethnicity, cancer stage, 
diagnosis date, surgical date, ctDNA status, microsatellite 
instability, tumor grade, and treatment. Data were 
summarized in tables. Chi square test was used to compare 
rate of ctDNA positivity between groups; P<0.05 was 
considered statistically significant.

Ethical statement

The study was conducted in accordance with the 
Declaration of Helsinki (as revised in 2013). The current 
study was approved by the Institutional Review Board at the 
University of California Irvine (protocol# 2020-6196) and 
Saint Luke’s Health System (protocol# 001CTDNA21), and 
individual consent for this retrospective anonymized study 
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was waived.

Results

Patient and tumor characteristics

Our study consisted of a total of 258 plasma samples 
from 198 patients. Table 1 depicts the patient and tumor 
characteristics. Sixty one percent were female, and despite a 
median age of 62 years, a wide range of ages were included 
(23–89 years). Slightly more than half of the patients were 
Caucasian, while 49% belonged to ethnic minorities (Asian, 
Hispanic, and African American) and 4% identified as 
‘other’.

With regards to tumor characteristics, all stages were 
represented, including 23% advanced/metastatic tumors. 

Table 1 Patient characteristics (N=198)

N (%)

Gender

Male 78 39

Female 120 61

Age (years)

Median 62

Range 23–89  

Ethnicity

Caucasian 102 52

Asian 49 25

Hispanic 28 14

AA 11 6

Other 8 4

Stage

I 32 16

II 57 29

III 64 32

IV 45 23

Tumor type

GEC 42 21

Pancreas 26 13

Hepatobiliary 15 7

Small bowel 5 3

Appendix 13 7

Colon 65 34

Rectum 25 13

Anal 2 1

MSI-high

Yes 12 6

No 66 33

Unknown 120 61

Tumor grade

Low 25 13

Moderate 72 35

High 44 22

Unknown 57 29

Table 1 (continued)

Table 1 (continued)

N (%)

Site of metastasis

Liver 24 12

Lung 11 6

Peritoneum 17 9

Other 8 4

Treatment modality

Surgery 182 92

Radiation 24 12

Systemic Treatment 165 83

Regimen

Fluoropyrimidine based 136 68

Gemcitabine based 16 8

Taxane based 11 6

Biologics 39 20

Serial testing

Total 64 100

Neg -> Neg 42 66

Pos -> Pos 9 14

Pos -> Neg 10 16

Neg -> Pos 3 5

AA, African American; GEC, gastric/esophageal carcinomas; 
Neg, negative; Pos, positive; due to rounding, percentages 
might not exactly add up to 100%.
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Twenty-four percent of the tumors originated in the upper 
GI tract, 20% were hepato-pancreato-biliary, and the 
remaining tumors (56%) were located in the lower GI tract. 
In patients with metastases, the predominant site of distant 
metastases was liver (40%), followed by peritoneum and 
lung (28.3% and 18.3%, respectively). 

The majority of patients (92%) had undergone surgical 
resection. Additionally, 83% had received systemic 
treatment. The most common chemotherapy regimens were 
fluoropyrimidine based (68%), while 20% of the patients 
received checkpoint inhibitors or targeted therapies.

ctDNA status based on patient and tumor characteristics

We next sought to determine whether there might be 
an association between the available patient/tumor 
characteristics and the rate of ctDNA positivity. For this 
purpose, all available plasma samples were included in the 
analysis. As shown in Table 2, 67 of 258 unique samples were 
ctDNA positive (26%). There appeared to be a statistically 
significant correlation between disease stage, number 
and site of metastases with the rate of ctDNA positivity. 
Whereas only about 20% of postoperative samples from 
locoregional tumors (i.e., stage I-III) were ctDNA positive, 
the rate in stage IV GI cancers was 44% (P=0.004). Plasma 
samples from patient with distant metastases had a higher 
median ctDNA positivity rate (36 of 85 samples, 42%) than 
samples from non-metastatic tumors (31 of 173 samples, 
22%) (P<0.00003). Interestingly, while for most sites of 
metastases the positivity rate ranged between 37–53% 
(Table 2), 8 of 11 (73%) of the samples from lung metastases 
were positive. Finally, samples from patients with two or 
more metastatic sites had a more than double positivity rate 
compared to samples from patients with only one site of 
metastasis (19 of 29, 66% vs. 17 of 56, 30%) (P<0.002).

Finally, we observed trends for higher ctDNA positivity 
rate (defined as 10% or higher absolute difference in 
positivity rate) with male gender (30% vs. 20%), higher 
tumor grade (37% high grade vs. 17% low grade), tumor 
location (17% upper GI tract vs. 28% other) and having 
systemic treatment (31% vs. 21%), although none reached 
the level of statistical significance.

Despite an average positivity rate of 26%, discrepancies 
were seen between different ethnicities, with positivity 
rates ranging from 19% (Hispanic) to 44% (African 
American). Given the correlation with advanced stage and 
ctDNA positivity rate, we first determined the race/ethnic 
distribution among Stage IV patients; Caucasian (26/102, 

25.5%), Asian (4/49, 8.2%), Hispanic (4/24, 14.3%), and 
African American (4/11, 36.4%). Among the patients with 
stage IV disease, there appeared to be a wide range, with 
Hispanics showing a trend for the lowest positivity rate (1/6, 
16.7%), followed by Caucasian (17/43, 39.5%) and Asian 
(6/11, 54.5%) patients, and the highest observed rate seen 
in African American patients (4/5, 80%). This observed 
effect was less pronounced in Stage I-III patients, although 
the trends persisted: Hispanic 19.2%, Caucasian 19.4%, 
Asian 25.6%, and African American 30.8% (Table 3).

Serial measurement of ctDNA

A total of 64 patients had serial testing, i.e., more than 
one plasma sample timepoint. Two-thirds of them (42 of 
64, 66%) exhibited negative ctDNA throughout. In nine 
patients (14%), the result remained positive, i.e., no change 
with treatment. Fourteen patients (22%) had ctDNA status 
that changed in the course of their treatment. Ten patients 
(16%) had ctDNA that turned from positive to negative 
after receiving chemotherapy. 

Unfortunately, four patients (6%) had a baseline 
negative ctDNA that turned positive during the course of 
their disease. In the first case, the patient had pancreatic 
adenocarcinoma status post Whipple procedure and 
adjuvant chemotherapy with 5FU/Leucovorin/oxaliplatin/
irinotecan (FOLFIRINOX). ctDNA after surgery and again 
after six months of adjuvant chemotherapy was negative, 
however became positive 11.3 months later on surveillance. 
At that time, the patient was found to have multiple liver 
metastases on imaging. In the second case, the patient had 
colon cancer treated with left hemicolectomy and adjuvant 
capecitabine/oxaliplatin (CAPEOX). ctDNA was negative 
post completion of adjuvant treatment, then turned positive 
after 27.5 months in the presence of a single site recurrence 
close to the ureter, which was identified on CT imaging 
(Figure 1A). In the third case, the patient had stage IV 
gastric adenocarcinoma complicated by malignant ascites, 
and was treated with docetaxel, oxaliplatin, leucovorin, 
and 5-FU (FLOT) followed by subtotal gastrectomy. 
2.9 months later, her ctDNA became positive and a 
mammogram showed a single focus of metastasis, biopsy 
consistent with carcinoma of gastric origin with signet 
ring cells. The patient underwent lumpectomy. The fourth 
patient was initially diagnosed with Stage II intrahepatic 
cholangiocarcinoma which was resected and treated with 
six months of adjuvant chemotherapy. Routine surveillance 
with CT imaging, CA19-9 remained negative for about 
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Table 2 ctDNA status based on characteristics for all plasma samples (N=258)

ctDNA

P valuePositive Negative

N % N %

Total 67 26 191 74  

Gender

Male 46 30 105 70 0.0505

Female 21 20 86 80  

Stage

I 6 21 23 79 0.00356

II 11 18 50 82

III 14 20 55 80

IV 26 44 33 56  

Ethnicity

Caucasian 35 25 106 75 0.14

Asian 16 30 38 70

Hispanic 6 19 26 81

AA 8 44 10 56

Other 0 0 12 100  

Tumor grade

Low 4 17 20 83 0.17

Moderate 24 28 63 72

High 19 37 32 63  

Tumor type

GEC 7 17 34 83 0.3

Pancreas 11 30 26 70

Hepatobiliary 6 32 13 68

Small bowel 1 17 5 83

Appendix 4 25 12 75

Colon 27 26 77 74

Rectum 9 27 24 73

Anal 2 100 0 0  

MSI-high

Yes 5 42 7 58 0.45

No 22 31 50 69  

Table 2 (continued)
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Table 2 (continued)

ctDNA

P valuePositive Negative

N % N %

Systemic treatment

Yes 24 31 53 69 0.09

No 36 21 134 79  

Site of metastasis

Liver 10 37 17 63 0.04

Lung 8 73 3 27

Peritoneum 10 53 9 47

Other 7 26 20 74  

No. of metastatic sites

0 31 22 142 78 <0.0001

1 17 30 39 70

2+ 19 66 10 34

AA, African American; GEC, gastric/esophageal carcinomas; due to rounding, percentages might not exactly add up to 100%.

Table 3 ctDNA status based on ethnicity and number of metastatic sites for all plasma samples 

Ethnicity Stage No. Met. Sites

ctDNA

Positive Negative

N % N %

Caucasian I-III 0 19 19 79 81

IV 1 12 36 21 64

    >1 5 50 5 50

Asian I-III 0 11 26 32 74

IV 1 5 56 4 44

    >1 1 50 1  50

Hispanic I-III 0 5  19 21  81

IV 1 0  0 5  100

>1 1  100 0  0

AA I-III 0 4 31 9 69

IV 1 0 0 1  100

>1 4 100 0  0

No. Met. Sites, number of metastatic sites; AA, African American.
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a year. Repeat ctDNA testing became positive after  
19 months, short-term follow-up a month later confirmed 
rising ctDNA levels. Ultimately a PET CT showed a 
solitary T9 vertebral FDG avid lesion, confirmed on MRI 
of the T spine. The patient underwent treatment for the 
solitary site of recurrence with stereotactic body surgery 
(Figure 1B). In all of these cases, ctDNA turned positive 
with associated disease recurrence.  

Discussion

Tumor informed ctDNA assessment is associated with 
higher sensitivity, compared to tumor agnostic, or ‘static’, 
ctDNA assays. Hence, it can be used to detect very low 
disease volumes, i.e., MRD and early recurrence, but also 
due to its high specificity may serve as a valuable treatment 
monitoring tool for advanced disease (13).
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Figure 1 Patient-specific plots: (A) normalization of ctDNA and tumor marker CA19-9 after resection and adjuvant chemotherapy for 
intrahepatic cholangiocarcinoma. Recurrence detected by ctDNA only, imaging verified solitary metastasis at T9 vertebral body, treated with 
radiation. (B) Single site of nodal recurrence about two years after initial resection and adjuvant chemotherapy for stage III colon cancer. 
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In GI malignancies, the main body of data for MRD 
testing has been primarily produced for colon cancer 
(11-13). While there are emerging data for other GI 
malignancies (14,15), there is a need for more real-life 
data for the utility of the MRD assay in other GI and 
hepatobiliary malignancies. In addition, there has been 
an underrepresentation of ethnic minorities in currently 
available data sets. In this work, we describe the feasibility 
and clinical utility of the ctDNA MRD assay in one of the 
largest cohorts presented to date. Importantly, two-thirds of 
the tumors were of non-colon cancer origin, and more than 
40% from patients from ethnic minorities. While according 
to the most current Census data African Americans, 
Hispanics and Asians comprise about 13.4%, 18.5% and 
5.9% of the U.S. population, respectively, most published 
series to date include 80% or higher Caucasian patients 
(11,12). Our cohort had a much higher representation of 
these groups (combined 49%). The majority of the patients 
in our study were treated at the University of California 
Irvine located in Orange County, CA, USA. The population 
of Orange County includes about 55% Hispanics and 
Asians (16). On the other hand, the distribution by ethnicity 
in Kansas City, MO, location of the second study site, 
are 54.9% Caucasian, 28% African American and 6.2% 
Hispanic. Hence likely the over representation of ethnic 
minorities in our series. 

It has been suggested that in many subsets of GI cancers, 
African Americans tend to have delayed diagnosis and 
present with more advanced disease due to socio-economic 
disparities and lack of access to healthcare (17). In colorectal 
cancer, African American patients tend to have higher 
frequencies of KRAS mutations, which might lead to more 
aggressive cancers (18).

We confirm an association of ctDNA positivity rate 
with stage of disease (13), whereby the most significant 
difference is seen in Stage IV tumors compared to non-
metastatic disease. While we observed roughly a doubling 
of positivity rate with each additional site of metastases (i.e., 
from non-metastatic to single site of metastasis to two or 
more sites), it is notable that even in Stage I and II disease, 
there was a 21% and 18% rate of positive ctDNA. These 
rates are much higher than the 8% positivity rate reported 
in the study by Tie et al., in which single tumor-specific 
mutation was used to detect post-operative ctDNA in stage 
II colon cancer (19). The observed difference could mainly 
be attributed to the increased sensitivity associated with the 
use of multiple tumor-specific mutations (8). Considering 
the very high positive predictive value of the ctDNA MRD 

assay (11,12), this finding highlights the importance of 
determining the microscopic ‘post-operative stage’ vs. the 
traditional anatomic staging which is probabilistic in nature 
but does not describe the presence of MRD in individual 
patients, independent of their anatomic stage. Longer 
follow-up of these patients will provide further clarification 
regarding rates and patterns of recurrence in Stage I GI 
cancers with a positive ctDNA MRD test. 

We also observed varying rates of ctDNA positivity 
based on metastatic site. As expected for GI malignancies, 
the most common site of metastasis was the liver (12% of all 
patients). However, we could not confirm previous reports 
of liver metastases being associated with higher ctDNA 
rates (20,21). On the other hand, we observed a 73% 
positivity rate for lung metastases, which might possibly 
indicate more disseminated diseases (since we only included 
GI cancers), or biologically explained by the abundance of 
pulmonary capillary bed. Interestingly, previous work has 
identified peritoneal carcinomatosis with reduced levels 
of detectable ctDNA (20-22). In our series, 10/19 samples 
(53%) from patients with peritoneal carcinomatosis had 
positive ctDNA, highlighting the potential benefit of using 
a tumor informed assay to increase sensitivity for ctDNA 
detection in this group of patients. Of note, all patients with 
peritoneal metastases did not have any other documented 
site of metastatic spread. Finally, we were able to confirm 
that primary tumor location of colorectal carcinomas does 
not appear to affect the rate of ctDNA MRD positivity (23).

Thirteen patients in this study had ctDNA that changed 
from positive to negative or vice versa. Ten of these patients 
previously had positive ctDNA, that became negative during 
or after receiving chemotherapy, suggesting that ctDNA 
can be used to monitor treatment and remission of disease. 
Our results also show that patients receiving active systemic 
treatment have higher rates of positive ctDNA (31%) than 
those not receiving active chemotherapy (21%). This may 
reflect that ctDNA positivity rates are higher during active 
disease when patients are receiving treatment due to higher 
tumor burden, compared to patients who are not receiving 
therapy. Another explanation for this observation would be 
a transient flare of detectable ctDNA due to cell kill and 
release of ctDNA from systemic treatment.

The retrospective nature of this study is certainly a 
limitation with regards to accuracy and completeness of all 
relevant clinical and pathologic characteristics. Additionally, 
the personalized ctDNA-MRD ctDNA assay only became 
available outside of clinical trials in late 2019, so the follow-
up time for patients with early-stage disease is still too short 
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to fully capture the risk and pattern of recurrence. Longer 
follow-up, and additional serial testing, will surely address 
this issue. The relatively small sample size in sub-groups of 
patients likely affected statistical significance. However, the 
total number of patients of almost 200 makes this one of the 
largest reported cohorts, including 49% ethnic minorities, 
which adds to the available literature and may provide a 
framework to build upon for further research.

In summary, we provide further evidence for the real-
world clinical feasibility and utility of personalized ctDNA 
MRD testing using a tumor informed assay in a cohort of 
patients with a wide range of GI malignancies, stages, and 
ethnic backgrounds.
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