
UPDATES IN ONCOLOGY: PART 1

21

24

EN

Updates in Tumor Profiling in Gastrointestinal Cancers
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ABSTRACT 
In the last decade there has been a focus on biomarkers 
that play a critical role in understanding molecular and 
cellular mechanisms which drive tumor initiation, main-
tenance and progression of cancers. Characterization of 
genomes by next-generation sequencing (NGS) has per-
mitted significant advances in gastrointestinal cancer 
care. These discoveries have fueled the development of 
novel therapeutics and have laid the groundwork for the 
development of new treatment strategies. Work in col-
orectal cancer (CRC) has been in the forefront of these 
advances. With the continued development of NGS 
technology and the positive clinical experience in CRC,  
genome work has begun in esophagogastric, pancreatic, 
and hepatocellular carcinomas as well. 
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INTRODUCTION

The prognosis for patients with gastrointestinal cancers is  
currently based on tumor-node-metastasis (TNM) staging; 
however, outcomes for patients with the same histologic-clin-
ical staging can be heterogeneous. As a result, research efforts 
have shifted from identification of mutations of individual 
genes to genome-wide identification of genetic abnormali-
ties in cancer. Identification of these somatic mutations and 
evaluation of gene expression patterns is key to understand-
ing the molecular mechanism of cancer and the development  
of novel therapeutics. 

The application of next generation sequencing (NGS) 
technology – the rapid sequencing of large stretches of DNA 
– has been in development in gastrointestinal malignancies. 
In the forefront is colorectal cancer, where there has been an 
improvement in mortality rates because of improvements 
in treatment as a result of several predictive and prognostic 
biomarkers.1 The experience in CRC, as well as lung can-
cer, breast cancer and melanoma, has fostered the pursuit of 
genome profiles in other cancers as well. 

TUMOR TYPES AND MUTATIONS

Colorectal Cancer
Sjoblom and Wood and colleagues were the first to perform 
exome-wide mutation analysis by sanger-sequencing to 
demonstrate the genomic profile of CRC, which included 
high-frequency mutated genes such as APC, KRA, TP53.2,3 
With the development of NGS, The Cancer Genome Atlas 
(TCGA) network further expanded the genome profile. They 
demonstrated 32 somatic recurrently mutated genes, among 
the somatic mutations identified in 24 genes. The most 
frequent mutated genes were APC, TP53, KRAS, PIK3CA, 
FBXW7, SMAD4, TCF/L2, NRAS, ACVR2A, APC, TGFBR2, 
MSH3, MSH6, SLC9A9, TCF7L2 and BRAF V600E were noted.4

At the current time, there are previously identified genes, 
which are directing clinical treatment options or are used as 
prognostic indicators (see Table 1): 

Tumor Type Gene Incidence Clinical Implications

Colorectal 
Cancer 

EGFR 70% Therapeutic – anti-EGFR 
monoclonal antibodies

Prognostic -none

K-ras exon 2  
(codon 
12,13,61)

40% Therapeutic – If wild-type, 
increased susceptibility 
to anti-EGFR monoclonal 
antibodies

Prognostic – If mutated, 
associated poorer prognosis

B-raf V600E 5% Therapeutic – If mutated, 
decrease response to EGFR 
monoclonal antibodies

Prognostic – If mutated 
associated poorer prognosis

Microsatellite 
Instability

15% Therapeutic – If present 
insensitive to fluorouracil 
but sensitive to irinotecan

Prognostic – If present, 
good prognosis

Dihydro-
pyrimidine 
dehydrogenase 
(DPD)

3–5% Therapeutic – If present 
patient is unable to 
metabolize fluorouracil

Prognostic – none

Uridine 
diphosphate-
glucoronosyl 
transferase 1A1 
(UGTA1A1)

3–5% Therapeutic – If present 
patient is unable to 
metabolize irinotecan

Prognostic – none

Table 1. Colorectal Cancer Molecular Profile
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EGFR gene expression: The epidermal growth factor 
receptor is a transmembrane receptor which is expressed 
in 70% of CRCs. Anti-EGFR monoclonal antibodies such 
as cetuximab competitively inhibit EGFR by preventing its 
binding to endogenous ligands and prolong survival when 
given in combination with chemotherapy.5 

K-ras (v-Ki-ras2 Kirsten rat sarcoma viral oncogene homo-
log): Ras is an oncogene. K-ras is found in adenocarcinomas 
that transduce extracellular signals from the EGFR to the 
nucleus. Forty percent (40%) of CRC are positive for muta-
tion in K-ras exon 2, which includes codons 12,13,61. A 
mutation in any of these sites in K-ras are currently the only 
predictive biomarker, which denotes anti-EGFR monoclonal 
antibody efficacy in CRC.6 Recent retrospective analysis is 
suggesting an adverse prognostic impact.7

B-raf (v-raf murine sarcoma viral oncogene homolog B) 
V600E gene mutation: B-raf is an oncogene that encodes a 
protein which belongs to the raf/mil family of serine/thre-
onine protein kinases. This protein plays a role in regulating 
the MAP kinase/ ERKs signaling pathway, which affects cell 
division, differentiation, and secretion. B-raf mutations are 
found in 5–95% of CRC. A B-raf mutation has been associ-
ated with a negative response to EGFR inhibitors. Also its 
presence has been associated with overall poor prognosis 8

Microsatellite Instability (MSI): MSI is caused by defects in 
DNA mismatch repair genes, which include MLH1, MSH2, 
MSH3, PMS1, PMS2, and MSH6. Loss of function or expres-
sion of these genes leads to a higher than normal frequency 
of frameshift mutations and base-pair substitutions in 
regions of short tandem repeated nucleotide sequences found 
throughout the genome, also known as microsatellites.9 
Approximately 15% of CRC show MSI. The following phe-
notypic characteristics have been described: location in the 
proximal bowel, and characteristic histologic findings (poor 
differentiation, mucinous, and marked lymphocytic infiltra-
tion). MSI has also been described in Lynch syndrome (LS) 
– a hereditary syndrome which is associated with increased 
risk of colorectal cancer. BRAF mutations are found in up to 
50-70% of MLH1 mutated tumors, while LS rarely has BRAF 
mutations. Therefore if a patient is found to have a MLH1 
mutation, an associated mutation in BRAF(V600E) supports 
a sporadic etiology.10 There is also data, which supports a 
role in pharmacogenomics by MSI. Presence of MSI has 
been associated with better prognosis and chemo sensitiv-
ity to irinotecan but Ribic and colleagues demonstrated an 
associated poorer response to 5-fluoruracil, two chemother-
apeutic drugs commonly used to treat colorectal cancer.11

Pharmacogenomic data: Two genes have been identi-
fied that impact metabolism of fluorouracil and irinotecan. 
A mutation in Dihydropyrimidine dehydrogenase (DPD) 
results in deficiency of the DPD enzyme, which is a major 
catabolizing enzyme of fluorouracil. It has been detected in 
3-5% of the general population.1 However, the presence of 
the mutation or deficiency of the enzyme does not always 
dictate clinical outcome.12

Uridine diphosphate-glucuronosyl transferase 1A1 
(UGTA1A1) is an enzyme that mediates glucouronidation. 
This enzyme enables conjugation of glucuronic acid to the 
active form of irinotecan, SN-38. Therefore if UGTA1A1 
is mutated resulting in a quantitative deficiency of the 
UGTA1A1 enzyme, there will be a decreased rate of irinotecan 
metabolism resulting in clinically significant neutropenia  
and diarrhea.13

Gene Expression Assays: Oncotype Dx Colon, ColoPrint, 
ColDX are clinically available examples.14 The aforemen-
tioned assays assess 18 genes or more, the data is then used to 
predict an individual tumor’s risk of recurrence.15 At this time 
trials have demonstrated the role of these assays in predict-
ing recurrence risk for stage I-III CRC but none have proven 
to be reliable indicators of response to adjuvant therapy. 

Associated genes of unclear clinical relevance:
In recent studies analyzing the correlation of treatment 

response and molecular profile, the data demonstrated 
mutational frequencies of: KRAS (45%), NRAS (5%), 
BRAF(7%), PIK3CA (9%), PTEN (6%), TP53(60%), EGFR 
(1%), AKT1(<1%) and CTNNB1 (2%).16 The role of these 
mutations individually is unclear but gene signatures have 
demonstrated some prognostic and therapeutic relevance. 
For example, Yu and colleagues characterized CRC genomes 
by NGS. A five-gene-signature (CDH10, COL6A3, SMAD4, 
TMEM132D, VCAN) was devised. In an analysis of 22 
patients with CRC, a mutation in one or more of these genes 
was associated with a significant improvement in over-
all survival independent of tumor-node-metastasis (TNM) 
staging. The data demonstrate a median survival time of 
80.4months in the mutant group versus 42.4 months in the 
wild type group (p=0.0051).17

Pancreatic and Biliary Cancers
To date, few DNA sequencing-based studies have been car-
ried out to define the predominant mutations in pancreatic 
cancer. Due to the low survival rates and high proportion of 
late-stage and metastatic diagnoses associated with pancre-
atic cancer, it has proven difficult to assess prognostic and 
therapeutic markers. Therefore, currently there are no Food 
and Drug Administration (FDA) drug options that exploit 
known genomic alterations. Current implicated genes 
include KRAS, TP53, SMAD/DPC4 (SMAD family member 
4/ deletion target in pancreatic carcinoma 4 homolog), and 
CDKN2A (cyclin-dependent kinase inhibitor 2A; p16). 

Jones and colleagues were the first to characterize the 
tumor profile of pancreatic adenocarcinoma. The data 
demonstrated an average of 63 genetic alterations, result-
ing in dysregulation of 12 cellular signaling pathways in 
most tumors. Although this analysis identified frequently 
mutated genes, ie KRAS, there was no common mutation 
profile limiting our ability to further decipher the molecular 
carcinogenesis of pancreatic cancer. 18

As with pancreatic cancer comprehensive genomic pro-
filing is underway to further characterize intrahepatic 
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cholangiocarcinoma (IHCCA), extrahepatic cholangiocarci-
noma(EHCCA) and gallbladder carcinomas (GBCA). Ross and 
colleagues performed comprehensive genomic profiling of 
the above tumors, which included 182 cancer-related genes. 
The most common genes identified included CDKN2B and 
ARID1A. Unique to IHCCA were FGFR, IDH1/2, BRAF and 
MET. EHCCA and GBCA shared common mutations in 
ERBB2, but differed in the frequency of KRAS mutations.19

Hepatocellular Carcinoma
As with the biliary cancers, initial analysis of the genetic 
landscape of hepatocellular carcinoma (HCC), as well as the 
related signaling pathways, is underway. Four pathways have 
been linked to HCC pathogenesis. The first is the Wnt/B-cat-
enin pathway, which is now considered the main oncogenic 
pathway in HCC. The genes most commonly associated 
with pathway activation include CTNNB1 and AXIN1. The 
second is interruption of cellular regulatory mechanisms, 
which has been linked to recurrent mutations in ARID1A 
and ARID2 (AT-rich interactive domain 1A and 2). The third 
is NRF2/KEAP1 pathway, if activated, results in transcrip-
tion of antioxidant genes, thereby giving proliferative and 
survival advantages to tumor cells. The fourth is the PI3K/
Akt/mTOR and Ras/Raf/MAP kinase pathways, which are 
activated by mutation sin PIK3CA, FGF19 and RPS6KA3.20 
Work is in progress to target these four pathways but none of 
the targeted therapy options have been approved yet. 

EsophagoGastric Cancers
Esophagogastric carcinomas are heterogeneous, with multi-
ple environmental etiologies and alternative pathways of car-
cinogenesis. With NGS the genes implicated in dysfunction 
of this pathway in gastric cancer include: ARID1A, MLL3, 
MLL, PIK3CA, FAT4 and MSI. As with CRC, microsatellite 
instability (MSI) has been identified as underlying a distinc-
tive carcinogenic pathway in 15% of all gastric cancers.21

One of the most recent breakthroughs in targeted therapy 
is the use of HER2 antibody, Trastuzumab, in gastric cancer. 
HER2 overexpression is observed in 7–34% of gastric can-
cers; however, resistance within this cohort to targeted ther-
apy is present. The culprits of resistance include alterations 
in HER2 structure and surroundings, dysregulation of HER2 
downstream signal effectors and interaction of HER2 with 
other membrane receptors. Mutations in PIK3CA and PTEN 
can impact the PI3K-Akt pathway, which is a downstream 
signaling pathway of HER2. However at this time little is 
known about the association between HER2 expression and 
PI3K-Akt pathway alterations.22

CONCLUSION

At this time large cancer sequencing initiatives, International 
Cancer Genome Consortium (ICGC) and The Cancer Genome 
Atlas (TCGA), have demonstrated heterogeneity in gastroin-
testinal malignancies. However, unlike CRC, the technology 

has not yet elucidated the significant genetic downstream 
effectors in the other gastrointestinal malignancies. At this 
time CRC remains an example of where this technology 
can take disease prognostication and therapeutic medicine. 
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