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The Mutational Landscape of Gastrointestinal Malignancies as 
Reflected by Circulating Tumor DNA
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and Razelle Kurzrock1

1Center for Personalized Cancer Therapy, and Division of Hematology and Oncology, UCSD 
Moores Cancer Center, 3855 Health Sciences Drive, La Jolla, California 92093, La Jolla, USA

2Department of Medicine/Oncology, Stanford University School of Medicine

Abstract

We aimed to assess the utility of a novel, non-invasive method of detecting genomic alterations in 

patients with gastrointestinal malignancies i.e., the use of liquid biopsies to obtain blood-derived 

circulating tumor DNA (ctDNA) through an analysis of the genomic landscape of ctDNA (68 

genes) from 213 patients with advanced gastrointestinal cancers. The most common cancer types 

were colorectal adenocarcinoma (N=55 (26%)), appendiceal adenocarcinoma (N=46 (22%)), 

hepatocellular carcinoma (N=31 (15%)), and pancreatic ductal adenocarcinoma (N=25 (12%)). 

The majority of patients (58%) had ≥1 characterized alteration (excluded variants of unknown 

significance). The median number of characterized alterations was 1 (range, 0–13). The number of 

detected alterations per patient varied between different cancer types: in hepatocellular carcinoma, 

74% of patients (23/31) had ≥1 characterized alteration(s) versus 24% of appendiceal 

adenocarcinoma patients (11/46). The median percent ctDNA among characterized alterations was 

2.50% (interquartile range, 0.76–8.96%). Overall, 95% of patients (117/123) had distinct 

molecular portfolios with 143 unique characterized alterations within 56 genes. Overall 

concordance rates of 96%, 94%, 95%, and 91%, respectively, were found between ctDNA and 

tissue-biopsy (N = 105 patients) in the four most common alterations (KRAS amplification, MYC 
amplification, KRAS G12V, and EGFR amplification). Of 123 patients with characterized 

alterations, >99% (122/123) (57% of entire population tested (122/213)) had one or more 

alterations potentially actionable by experimental or approved drugs. These observations suggest 

that many patients with gastrointestinal tumors, including difficult-to-biopsy malignancies like 

hepatocellular cancers, frequently have discernible and theoretically pharmacologically tractable 

ctDNA alterations that merit further studies in prospective trials.
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INTRODUCTION

Advances in tumor sequencing have made possible unprecedented data-driven decision-

making in clinical and academic oncology, using panels of markers for the development and 

implementation of matched targeted therapies (1–4) and new research paradigms such as 

multi-histology “basket trials” (5). For example, the discovery of KRAS mutations 

predictive of primary resistance to cetuximab in colorectal cancer (CRC) (6) has led to 

changes in clinical use of this and other EGFR targeting agents. Indeed, KRAS, BRAF, 

NRAS, ERBB2, and MET (amongst other) mutations or amplifications all confer secondary 

resistance to EGFR blockade (7), and suggest the need for combination therapies (8). 

However, the implementation of this knowledge in the clinical setting relies on a robust 

sequencing protocol with a panel of actionable genes and alterations, and the ability to 

biopsy tumors, perhaps repeatedly, prior to the selection of each new treatment regimen. 

Traditional tissue biopsies are invasive and sometimes costly procedures that carry their own 

risks. Furthermore, in breast cancer, for instance, genetic characterization of primary tumors, 

lymph node metastases, and distant metastases found a great deal of heterogeneity, not only 

between metastases in general and the primary tumor, but also (and especially pronounced) 

between distant metastases, likely both because of random evolutionary forces and tissue-

specific selective pressures (9,10). This diversity may not be appreciable with biopsy of a 

single solid tumor. More importantly, exclusively using data from biopsy of a single tumor 

in treatment decisions may be suboptimal, both because of missed opportunities for targeted 

therapy and because of inadvertent selection of drugs for which distinct resistant clones are 

already present. For example, a study of circulating tumor cells (CTCs) in breast cancer 

found that 54% of patient with estrogen-receptor (ER-) negative primary tumors expressed 

ER-positive circulating tumor cells (CTCs) (11).

The need for a method of easily repeatable, minimally invasive, and spatially unbiased tumor 

characterization makes technology such as next generation sequencing (NGS) of circulating 

tumor cell DNA (ctDNA) especially appealing (12). Cancer cells, either through direct 

secretion, or secretion secondary to immune cell phagocytosis of necrotic or apoptotic cell 

fragments, release ctDNA (13). This DNA can then be detected in various body 

compartments (e.g. blood), and sequenced. Because of the minimally invasive nature of a 

blood test (as opposed to tissue biopsy), the reproducibility of liquid biopsies has been 

leveraged for several proof-of-concept studies predicting response and resistance (14,15), as 

well as prognosis and recurrence (16,17). Here we examined the ctDNA mutational 

landscape of 213 patients with a variety of gastrointestinal malignancies.

METHODS

Patients

We performed a retrospective analysis of ctDNA liquid biopsies collected between October 

2014 through December 2015 from 213 patients with gastrointestinal cancers at the 

University of California San Diego Moores Cancer Center. All patients in the study either 

had metastatic or locally advanced unresectable disease. Data was collected from a de-

identified database with minimal clinical information present. Data analysis and consent 

acquisition was performed in accordance with UCSD IRB guidelines (NCT02478931). All 
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authors had access to study data, and contributed to reviewing and approving the final 

manuscript.

Next Generation Sequencing

Next generation sequencing (NGS) of plasma ctDNA (liquid biopsies) was done by 

Guardant Health (www.guardanthealth.com/guardant360/), a College of American 

Pathologists (CAP)-accredited and Clinical Laboratory Improvement Amendments (CLIA)-

certified laboratory. This is a highly analytically/clinically sensitive and specific test, able to 

detect single molecules of tumor DNA in 10mL blood samples, >85% of single nucleotide 

polymorphisms (SNPs) found in tumors of patients with advanced cancers, with analytic 

specificity of >99.9999%. At the time of this study, this test detected alterations (e.g. 

mutations, fusions, copy number change, etc.) in a panel of 68 genes (Supplemental Table 

1). Sequencing covered all cell-free DNA, including germline found in the bloodstream (e.g. 

as a result of immune lysis), as well as the ctDNA. The percent ctDNA was quantified by 

dividing the number of ctDNA SNP variants by the number of wild type DNA fragments at 

the respective nucleotide. Gene amplifications were reported by absolute copy number 

detected in plasma, as compared to normal controls from healthy patients included in each 

run (18).

Definition of actionability

An alteration was considered actionable if an FDA-approved drug or an investigational drug 

in a clinical trial could specifically target the resulting protein product, either directly (e.g. 

EGFR inhibition) or through a downstream pathway (e.g. mTOR inhibitor in the context of a 

PIK3CA mutation). For small molecule inhibitors, this classification was met if the drug 

directly impacted the aberration with low nanomolar 50% inhibitory concentration (IC50). 

Antibody therapeutics had to have primary selectivity against the altered protein. If an 

important downstream effector of protein products of a gene anomaly could be targeted, that 

anomaly was considered druggable. Finally, if a drug could recognize a protein that was 

differentially expressed on tumor versus normal cells, the gene responsible for that protein 

was considered potentially actionable regardless of whether or not the drug affected protein 

function.

Definition of Variant of Unknown Significance (VUS)

A non-synonymous change in the gene sequence for which the risk of malignancy was 

unclear or unknown was designated as a VUS. Characterization of variants (known versus 

unknown significance) was performed by N-of-One, Inc. (https://n-of-one.com/), using the 

published literature as well as publicly available databases, including COSMIC, cBioPortal, 

EVS, ExAC, and ClinVar. Novel variants are assessed for their incidence in somatic cancers 

vs. incidence in the germline and evaluated based on the literature for evidence of molecular 

effect based on cellular or biochemical assays, or clinical evidence of association with 

disease or predictive, prognostic, or diagnostic value. Variants with little available evidence 

may also be evaluated based on their location at a conserved amino acid or an amino acid 

that is a hotspot for mutation if the specific mutation has not been characterized. Protein 

prediction algorithms may be used to contribute to the analysis, but are not used as the sole 
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basis for classification of an alteration. Synonymous alterations were not included in our 

analysis.

Data extraction and analysis

Data examined included the date(s) at which samples were collected for sequencing, gene 

alterations detected, the type and details of the alteration, the interpretation of the alteration, 

demographic information that was part of the deideintified report (gender, age, and histology 

of cancer), as well as the corresponding actionability classification for each alteration. 

Analysis was predominantly descriptive, but when appropriate the median and confidence 

intervals or (interquartile) range were reported. There were 213 individual patients who 

collectively underwent a total of 386 ctDNA liquid biopsies. When counting alterations in 

the patients who underwent multiple tests, an alteration was considered present if it appeared 

in at least one of the tests. When describing percent ctDNA for patients with multiple tests, 

we selected the larger value.

Assessment of concordance with solid tissue sequencing

A separate analysis compared the concordance between solid and liquid biopsy sequences in 

the four most common alterations (KRAS amplification, MYC amplification, KRAS G12V, 

and EGFR amplification) in patients who underwent both tests. Tissue biopsy genotyping 

was performed using a 315 gene next generation sequencing panel (https://

www.foundationmedicine.com/). An overall concordance matrix was tabulated by 

examining detection of alteration(s) within the 68 genes included in both the liquid and 

tissue sequencing panels and iterating this across the 105 patients who had undergone both 

types of studies. The same process was repeated for the 16 genes that are evaluated for 

amplification in both liquid and tissue biopsies to yield the amplification concordance 

statistics.

Results

Patient Characteristics

Data from 213 patients’ gastrointestinal cancers were analyzed. The most common 

malignancies were colorectal adenocarcinoma (N=55 (26%)), appendiceal adenocarcinoma 

(N=46 (22%)), hepatocellular carcinoma (N=31 (15%)), and pancreatic ductal 

adenocarcinoma (N=25 (12%)). Within the overall population, the majority were men 

(N=124 (58%)) and the median age was 61 years (range, 25 to 92 years) (Table 1).

Overall mutational landscape

Number of alterations—The majority of patients (70%) had one or more detected 

alterations, of which 83% had ≥1 characterized alteration(s) (excluding VUS). Overall, 58% 

of patients had ≥1 characterized alterations (Table 1; Figure 1A). However, the number of 

patients with a given number of detected alterations decreased proportionally to the number 

of alterations, with only 15% (N=32) of our patients having more than three alterations of 

known significance (Figures 2A and 2B). The median number of characterized alterations 

per patient was 1 (range, 0–13); the median number of alterations that included VUS (but 

still excluded synonymous alterations) was 2 (range, 0 to 26). When examining the number 

Riviere et al. Page 4

Mol Cancer Ther. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

https://www.foundationmedicine.com/
https://www.foundationmedicine.com/


of alterations by cancer histology, we found significant differences (p<.00001 (Kruskall-

Wallis test)). Within the more common histologies in this study, this was best illustrated by 

the difference between hepatocellular carcinoma, where almost 74% of patients (23/31) had 

one or more characterized alterations, and appendiceal adenocarcinoma, in which 76% of 

patients (35/46) presented with no detectable alterations of known significance (Figure 2B).

Types of alterations—There were 143 unique characterized alterations, and if VUSs 

were included, there were 301 unique alterations. Overall, 56 genes were altered in at least 

one patient. The three genes that most commonly had characterized alterations (excluded 

VUS) in patients across the different cancers were TP53 (N = 77: 36% of patients), KRAS 
(N = 54; 25%), and PIK3CA (N = 20; 9%) (Figure 1A).

Quantification of alterations—The median percent ctDNA (including VUS and repeat 

biopsies in the same patients) was 2.42% (interquartile range (IQR) 1.76–6.13%), and, when 

excluding VUS and repeats, 2.51% (IQR 0.76–8.96%) (Figure 1B). Prior work has found 

that a percent ctDNA threshold at ≥5% versus <5% is a prognostic marker for overall 

survival l (19). In our cohort, of the 123 patients with one or more characterized alterations, 

57 (46%) had one or more alterations for which the percent ctDNA was ≥ 5%.

Inimitability of the alterations—Most patients with characterized alterations had unique 

genomic portfolios. Of the 123 patients with one or more characterized alterations, there 

were 13 sets of patients with identical genomic alterations (involving 60 patients) (Table 2). 

The most common such pairings were single-mutations in either TP53 (N = 19 patients) or 

KRAS (N=10 patients). Of these 13 shared portfolios, nine were comprised of only two 

patients. Identical genetic portfolios have been reported to arise from different primary 

tissues-of-origin (20). Our study found the majority (N=8 of 13 portfolios) of the shared 

gene portfolios to be comprised of different histologies.

Unsurprisingly, identical molecular signatures (identical alteration(s) at the respective genes 

altered) were much less common than portfolios considering only the affected genes (N=6 

versus N=60, respectively). There were a total of six patients who had a molecular signature 

that was identical to at least one other patient, and each of the three such molecular 

portfolios were single-gene alterations shared between two patients (Table 2). Therefore, 

95% of patients (117 of 123) with detected characterized alteration(s) had distinct molecular 

portfolios. This uniqueness was even more marked within the 105 patients who had 

undergone the larger panel tissue biopsy NGS sequencing: only two patients shared an 

identical molecular signature (KRAS G12R single-mutation portfolio, in colorectal and 

pancreatic cancers).

Potential actionability of alterations (Figure 3 and 4, and Supplemental Table 
2)—Of the 123 patients with characterized alterations, >99% (122 of 123) had one or more 

hypothetical (experimental or approved) treatment options available (Figure 3). Overall, of 

the 213 patients in the study, 122 (57%) had potential targetable alteration(s). This number 

varied by cancer type. For instance, in hepatocellular carcinoma, 74% of patients (22 of 31) 

had one or more characterized alterations for which there is theoretically an FDA-approved 
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drug available (on- or off-label). In contrast, that number is approximately three-fold lower 

(24%) for appendiceal adenocarcinoma (11 of 46) (Figure 4).

Concordance between tissue next generation sequencing and ctDNA analysis 
(Supplemental Table 3)—The median time between specimen acquisition for tissue NGS 

and ctDNA in 105 patients who had both performed was 53 days (range −359 days to 3544 

days). We assessed tissue versus ctDNA concordance, using the four most commonly found 

alterations in the liquid biopsy data set (KRAS amplification, MYC amplification, KRAS 
G12V, and EGFR amplification). The concordance rates were 96%, 94%, 95%, and 91%, 

respectively. With only the last of these alterations (EGFR amplification) was there a 

significant difference between tissue and ctDNA NGS (p = 0.04). This difference was 

mainly due to the detection of EGFR amplification in ctDNA in patients in which it was not 

found in tissue NGS. An analysis of overall concordance at the gene level for the 68 genes 

included in both tissue and liquid biopsy panels was performed, and found a concordance 

rate of 96%, a kappa correlation of 0.42, and a p-value by McNemar’s exact test of 0.68. 

(kappa p value indicates that there is moderate concordance and the p value indicates that the 

two tests (ctDNA versus tissue NGS) did not perform significantly differently). Finally, 

analysis of concordance across the 16 genes evaluable for amplifications in both ctDNA and 

tissue found overall concordance of 97%, kappa correlation of 0.251, and a p-value by 

McNemar’s exact test of 0.0066, indicating that there was a difference between ctDNA and 

tissue in detection of amplification. The positive predictive value for tissue biopsy was 

37.5% and for ctDNA was 20%.

Discussion

As molecularly targeted therapeutics are becoming a mainstay of contemporary oncology, 

accounting for over $10 billion in annual spending in the U.S. alone, there is a growing need 

for effective new molecular tests (21). The specific advantages of liquid biopsies (e.g. 

repeatable, relatively inexpensive, and minimally invasive), has led to research in real-time 

prognostics and drug cycling applications, such as the use of KRAS mutations detected by 

liquid biopsy for prognosis in advanced pancreatic cancer (22), the use of serial ctDNA 

biopsies to track treatment-conditional clonal evolution to cycle EGFR inhibitors in 

colorectal cancer (23), and the use of cell-free plasma exome sequencing to identify new 

pathways of acquired resistance to targeted therapeutics in a variety of cancers (14).

In our study, we explored the mutational landscape of various gastrointestinal malignancies, 

as detected by ctDNA derived from liquid biopsy of blood. We found the genomic portfolio 

of the malignancies to be very diverse. The three genes most commonly found to have 

characterized alterations in patients across the different cancers were TP53 (N = 77: 36% of 

patients), KRAS (N = 54; 25%), and PIK3CA (N = 20; 9%) (Figure 1A). The median 

percent ctDNA in alterations of known significance was 2.42%, but the interquartile range 

was wide (0.6% to 8.5%). While common alterations like TP53 and/or KRAS were 

identified in 69% of patients with detected alteration(s), we also discerned aberrations in 56 

different genes, only 8 of which were found in more than 10% of the population with 

detected alteration(s). Altogether, there were 143 unique characterized alterations and, if 

Riviere et al. Page 6

Mol Cancer Ther. Author manuscript; available in PMC 2019 January 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



VUSs were included, there were 301 unique alterations. Certain specific alterations were 

more common within detected genes.

We examined how frequently shared portfolios of genes or specific alterations arose as 

detected by ctDNA liquid biopsies. When considering only shared portfolios at the level of 

genes (rather than specific alterations), there were thirteen sets (60 patients in total) of 

identical genomic portfolios (the genes involved were identical though the specific alteration 

within the genes may have been different). Analyzing data at the level of genes rather than 

alterations has limitations since different defects/gains of function in the same gene may 

have a vastly distinct biologic impact. At the alteration level, we found only three pairs of 

tumors to have identical profiles. These data suggest that, even with the limited panel of 

genes used here, the vast majority of patients have unique or near unique molecular 

portfolios, a finding also noted in tissue NGS for several tumors in the existing literature 

(20,21,24–26). Larger ctDNA panels may reveal further inter-tumor heterogeneity. Indeed, 

tissue NGS (with 315 genes) showed only one pair of patients with an identical molecular 

portfolio among the 105 patients tested (both had a KRAS G12R alteration) (Table 2). The 

complexity of cancers and their uniqueness has significant therapeutic implications, and 

suggests that customized combination therapy may be needed for many patients.

We also found that the current utility of liquid biopsy sequencing technology may be 

dependent on the tumor of origin. While on aggregate the majority of patients (58%) had 

characterized alteration(s), some tumor types were exceptions. For instance, less than a 

quarter of patients with appendiceal adenocarcinoma harbored alterations of known 

significance. As the gene panel was constructed, at least in part, based on potentially 

actionable alterations, the number of detected alterations in a patient’s blood directly 

correlated with the number of available cognate targeted agents. Indeed, only one of the 123 

patients with detected alteration(s) of known significance had no FDA-approved (on or off-

label) or experimental agents available (Figure 3).

In addition to potentially helping to select therapy, ctDNA results might also provide 

prognostic data. For instance, it was previously shown that percent ctDNA greater than or 

equal to 5% is associated with poorer survival (19). Furthermore, specific alterations, such 

as BRAF mutations in colorectal cancer, are associated with a poor prognosis (27).

One hundred and five patients had both ctDNA and tissue NGS assessment. The median 

time between the two forms of biopsies was 53 days (range, −359 to 3544 days). Of interest, 

the concordance rates between tissue NGS and liquid biopsy ctDNA were 96%, 94%, 95%, 

and 91%, respectively, for the four most commonly detected alterations in the liquid biopsy 

dataset (KRAS amplification, MYC amplification, KRAS G12V, and EGFR amplification). 

Concordance data for these genes also suggests that there may be alteration-specific 

shortcomings/advantages of tissue NGS versus liquid biopsy. For example, NGS of ctDNA 

detected EGFR amplifications in eight patients for whom tissue biopsies did not find the 

alteration (p < 0.05), and NGS of tissue biopsies for KRAS G12V detected the mutation in 

five patients in whom ctDNA sequencing did not (p = 0.06) (Supplement Table 3). Though 

this latter finding was not statistically significant at the 0.05 threshold, it warrants further 

study, as the presence/absence of activating KRAS alterations guides ERGR-targeting 
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treatment decisions. Alongside the alteration-specific concordance, we also surveyed overall 

concordance of the two assays at the gene level (not alteration-specific) for all 105 patients 

for the 68 genes covered by both the tissue and liquid biopsy panels, and found a 

concordance rate of 96%. Overall, 119 of 263 (45%) of altered genes detected by ctDNA 

liquid biopsy were also detected by tissue NGS, and 119 of 271 (44%) of altered genes 

detected by tissue NGS were also detected in ctDNA liquid biopsy. The kappa correlation of 

0.42 suggested moderate correlation between the two tests, and a p-value by McNemar’s 

exact test of 0.68 indicated that differences in detection rate at the gene level between the 

two assays overall was not statistically significant (Supplemental Table 3). An analysis of 

the 16 genes (Supplemental Table 1) assessable for amplifications by both assays found that 

tissue biopsy detected alterations significantly more often (p < 0.01) than tissue biopsy. 

Overall concordance was 97%, but of the 44 patients in whom amplifications were detected 

by ctDNA liquid biopsy, only 9 of these were also found by tissue NGS (20%); reciprocally, 

9 of 24 (37.5%) genes detected by tissue NGS were also detected by ctDNA liquid biopsy 

(Supplemental Table 3).”

Although time elapsed between the tissue and liquid biopsies and technical problems in 

either tissue or ctDNA NGS cannot be ruled out as explanations for discrepancies, there are 

good biologic hypotheses for these differences. For instance, ctDNA NGS reflects genomic 

alterations from shed DNA derived from multiple metastatic sites while tissue NGS 

demonstrates only the molecular findings in the small piece of tissue assessed. Conversely, 

not all tumors may shed DNA into the bloodstream at an equivalent rate. Further, ctDNA 

may be suppressed if assessed while a patient is on therapy. Finally, there is an inverse 

correlation between time interval between tissue and blood-based NGS and concordance of 

findings (19).

There are several limitations to our analysis. First, the genomics data were obtained from a 

de-identified database and, hence, only limited clinical information was available. Second, 

only 105 patients also had tissue NGS performed, and these biopsies were rarely collected at 

the same time. Thus, (targeted) treatment courses could have arisen in the time between the 

two biopsy collections, and the patients could have had changes in their clinical/disease 

status. Furthermore, without access to pathology or full sequencing reports, it was not 

possible to adjust for possible confounders like tumor purity. Even so, concordance rates 

between tissue and ctDNA NGS was high (91% to 96%) for the four most frequently 

identified alterations in the liquid biopsy data. While there were occasional patients with 

similar molecular portfolios from different histologies, the numbers were too small to draw 

conclusions about the implications of this observation. Furthermore, more extensive 

genomic sequencing might reveal that the molecular portfolios in these patients differed. 

Finally, while the majority of patients had theoretically actionable alterations, it is important 

to point out that the clinical significance of these alterations will need to be evaluated in 

additional studies to confirm the true potential of liquid biopsies to discover drivers that are 

worth acting upon.

In conclusion, liquid biopsy of ctDNA in gastrointestinal malignancies is a promising new 

technique for obtaining genomic information in a minimally invasive, repeatable fashion. Its 
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potential utility for selecting targeted therapeutic agents or estimating prognoses warrants 

further investigation.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. Most frequently altered genes and percent ctDNA by gene
Abbreviations: VUS = variant of unknown significance

A: Bar plot representing the number of patients with an alteration(s) in a given gene, and the 

number of unique alterations in each gene. Unique alterations are defined as the number of 

specific alterations (point mutation, amplification, etc.) occurring in a given gene across the 

population. This plot only includes genes for which there were >5 patients with an alteration 

in the given gene; for others, refer to Figure S1. B: Bar plot representing median percent 

ctDNA (see Methods for definition) and 1st and 3rd quartiles. Only patients who had a 
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characterized alteration in the specified gene were included in the calculation. Variants of 

unknown significance were excluded. In patients who had multiple tests that detected the 

same alteration, only the greatest value was included.
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Figure 2. Number of patients with a given number of alterations and percent breakdown by 
cancer type (excludes VUS)
A: Histogram representing the number of patients with each given number of detected 

alterations. There were 123 patients with characterized alteration(s) (excluding VUSs), and 

149 patients with detected alteration(s) (including VUSs). B: Percentage of patients with 

given number(s) of characterized alterations, separated by most common cancers in data set. 

All 213 patients were included. Patients for whom all detected alterations were VUS, as well 

as patients with no alterations were counted as having zero characterized alterations. In some 
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cancers such as hepatocellular carcinoma, the majority of patients (74%) harbor one or more 

characterized alterations; in contrast, the vast majority (76%) of the patients with 

appendiceal adenocarcinoma patients had no characterized alterations (either no detected 

alterations, or all detected were VUS).
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Figure 3. Overall potential actionability of characterized alterations based on available agents
Almost all patients (122/123) with characterized alterations(s) had one or more targeted 

therapy(ies) available, either through an on-label drug, an off-label drug, or a clinical trial. 

For patients who had multiple therapies available, FDA approved agents were prioritized 

over experimental drugs. Amongst FDA approved agents, on-label drugs were prioritized 

over off-label drugs.
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Figure 4. Theoretical treatment options for characterized alterations across diverse 
gastrointestinal cancers
Abbreviations: FDA = Food and Drug Administration; pts = patients

Excluding variants of unknown significance, the percent breakdown of available treatment 

options for patients with the most common cancer-types in the cohort. FDA approved agents 

were prioritized over experimental drugs. Amongst FDA approved agents, on-label drugs 

were prioritized over off-label drugs. In our population, all of the patients who were 
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candidates for an experimental agent also had targeted FDA-approved drugs available, either 

on or off-label (see Figure 3).
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Table 1

Patient characteristics

Number of patients with ≥1 alteration(s) (includes VUS) 149 (70.0%)

Number of patients with ≥1 characterizeda alteration(s) (excludes VUS) 123 (58%)

Median number of characterizeda alterations per patient (range) 1 (0–13)

Women Men Overall

Number 89 (41.8%) 124 (58.2%) 213

Age (median, range) 60 (25–92) 62 (29–88) 61 (25–92)

Cancer Type (N, %)*

 Colorectal Adenocarcinoma 27 (49.1%) 28 (50.9%) 55 (25.8%)

 Appendix Adenocarcinoma 23 (50.0%) 23 (50.0%) 46 (21.6)

 Hepatocellular Carcinoma 8 (25.8%) 23 (74.2%) 31(14.6%)

 Pancreatic Ductal Adenocarcinoma 15 (60.0%) 10 (40.0%) 25 (11.7%)

 Cholangiocarcinoma 4 (30.8%) 9 (69.2%) 13 (6.1%)

 Gastric Adenocarcinoma 6 (54.5%) 5 (45.5%) 11 (5.2%)

 Esophageal Adenocarcinoma 0 8 (100.0%) 8 (3.8%)

 Gastrointestinal Stromal Tumor (GIST) 0 7 (100.0%) 7 (3.3%)

 Pancreatic Neuroendocrine Tumor 0 5 (100.0%) 5 (2.3%)

 Anal Carcinoma 3 (75.0%) 1 (25.0%) 4 (1.9%)

 Gallbladder Carcinoma 2 (66.7%) 1 (33.3%) 3 (1.4%)

 Duodenum Adenocarcinoma 0 2 (100.0%) 2 (0.9%)

 GI Carcinoma Small Cell 0 1 (100.0%) 1 (0.5%)

 Small bowel adenocarcinoma (small intestine) 0 1 (100.0%) 1 (0.5%)

 Stomach carcinoma (Signet ring cell carcinoma) 1 (100.0%) 0 1 (0.5%)

Abbreviations: VUS = Variant of unknown significance

a
Characterized alterations do not, by definition, include VUSs

*
Percentages for women and men are the percent of cases within a given cancer type.
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Table 2

Frequency and tissues of origin of patients sharing gene or alteration profiles* (excludes VUS)

Shared gene profile (N = 60) Number of patients Represented histologies in liquid biopsy

TP53 19 Hepatocellular carcinoma (N = 7), colorectal adenocarcinoma (N = 4), pancreatic 
ductal adenocarcinoma (N=3), esophageal adenocarcinoma (N = 2), 
cholangiocarcinoma (N = 1), appendix adenocarcinoma (N = 1), gallbladder 
carcinoma (N = 1)

KRAS 10 Colorectal adenocarcinoma (N=4), pancreatic ductal adenocarcinoma (N=2), 
appendix adenocarcinoma (N=2), cholangiocarcinoma (N=1), pancreatic 
neuroendocrine tumor (N=1)

KRAS, TP53 9 Colorectal adenocarcinoma (N=5), pancreatic ductal adenocarcinoma (N=2), 
esophageal adenocarcinoma (N=1), GIST (N=1)

TP53, KRAS, MYC 4 Appendix adenocarcinoma (N=1), colorectal adenocarcinoma (N=1), gastric 
adenocarcinoma (N=1), pancreatic ductal adenocarcinoma (N=1)

RAF1 2 Duodenum adenocarcinoma (N=1), gastric adenocarcinoma (N=1)

APC 2 Colorectal adenocarcinoma (N=2)

GNAS 2 Appendix adenocarcinoma (N=1), colorectal adenocarcinoma (N=1)

CTNNB1 2 Hepatocellular carcinoma (N=2)

KRAS, MYC 2 Colorectal adenocarcinoma (N=1), pancreatic ductal adenocarcinoma (N=1)

CTNNB1, TP53 2 Hepatocellular carcinoma (N=2)

APC, TP53 2 Colorectal adenocarcinoma (N=2)

PIK3CA, TP53 2 Colorectal adenocarcinoma (N=1), hepatocellular carcinoma (N=1)

APC, KRAS, TP53 2 Colorectal adenocarcinoma (N=2)

Shared molecular alteration 
profile (N = 6)

Number of patients Represented histologies in liquid biopsy

KRAS G12D 2 Pancreatic ductal adenocarcinoma (N=1), colorectal adenocarcinoma (N=1)

GNAS R201H 2 Appendix adenocarcinoma (N=1), colorectal adenocarcinoma (N=1)

KRAS G12V 2 Appendix adenocarcinoma (N=2)

Shared molecular alteration 
profile (N = 2)

Number of patients Represented histologies in tissue biopsy

KRAS G12R 2 Pancreatic ductal adenocarcinoma (N=1), colorectal adenocarcinoma (N=1)

Abbreviations: VUS = variant of unknown significance, GIST = gastrointestinal stromal tumor

*
Patients sharing gene profiles had the same sets of genes altered, while shared alteration profiles were patients who had the same sets of specific 

alterations at the same gene.
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