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Abstract

With advances in the understanding of the biology and genetics of colorectal cancer (CRC),
diagnostic biomarkers that may predict the existence or future presence of cancer or a hereditary
condition, and prognostic and treatment biomarkers that may direct the approach to therapy have
been developed. Biomarkers can be ascertained and assayed from any tissue that may demonstrate
the diagnostic or prognostic value, including from blood cells, epithelial cells via buccal swab,
fresh or archival cancer tissue, as well as from cells shed into fecal material. For CRC, current
examples of biomarkers for screening and surveillance include germline testing for suspected
hereditary CRC syndromes, and stool DNA tests for screening average at-risk patients. Molecular
biomarkers for CRC that may alter patient care and treatment include the presence or absence of
microsatellite instability, the presence or absence of mutant KRAS, BRAF or PIK3CA, and the
level of expression of 15-PGDH in the colorectal mucosa. Molecularly targeted therapies and
some general therapeutic approaches rely on biomarker information. Additional novel biomarkers
are on the horizon that will undoubtedly further the approach to precision or individualized
medicine.
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INTRODUCTION

Colorectal cancer (CRC) develops as a consequence of intrinsic genetic changes that are
influenced by local environmental factors.! Some genetic changes are exemplified from
inherited germline mutations in which the CRC presents as an extreme case of the somatic
mutation in sporadic colorectal cancer.2 Among sporadic CRC patients, these genetic
changes present as part of somatic driver mutations, usually 2 to 8 per individual CRC, that
propel normal mucosa and benign precursor adenomas to malignancy, while others
alterations are passenger mutations that may be multiple and appear to be happenstance
during neoplastic progression. In particular, the presence of driver gene mutations or
epimutations may lend itself as a biomarker in which molecularly targeted therapy might
intervene to modify the outcome of the patient, whereas passenger mutations might be
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helpful for diagnostic purposes to show the presence or absence of the neoplastic process in
a particular patient.

A comprehensive molecular analysis of sporadic CRCs confirmed about 30 years of
individual discoveries from which biomarkers might be drawn from.14> CRCs can be
grouped into hypermutated, ~15% of CRCs with the accumulation of a few driver and
hundreds of passenger gene mutations, and non-hypermutated, ~85% of CRCs in which a
few driver and only tens of passenger gene mutations but extensive copy number variation
(aneuploidy) exists.? The somatic mutations and epimutations are different between
hypermutated and non-hypermutated cancers. Hypermutated CRCs are driven by loss of
DNA mismatch repair (MMR) through hypermethylation of MLH1 or POLE inactivation,
with most somatic mutations occurring principally in genes with coding microsatellite
sequences generating microsatellite instability (MSI), in addition to BRAF mutation.1> Non-
hypermutated CRCs are driven by mutation and loss of APC and TP53, and consistently
show mutation of KRASand PIK3CA.1® The combination of APC and TR53 inactivation
appears to be a trigger for the extensive chromosomal instability and aneuploidy observed in
non-hypermutated CRCs.% The consolidated knowledge from these extensive genetic and
genomic analyses continues to inform the approach to biomarker utility, and its use into a
clinically actionable change for improved patient care (Table 1).

BIOMARKERS FROM DRIVER AND PASSENGER MUTATIONS FOR CRC
SCREENING
Fecal DNA Testing

Fecal DNA testing was developed based on knowledge of the genetics of the adenoma-to-
carcinoma sequence in the colon, with the promise of being a noninvasive approach to CRC
screening in the general, asymptomatic population over the age of 50 years.? Initial
prototypes and versions included a plethora of genetic targets, including APC, KRAS, TP53,
the microsatellite BAT-26, among several others, following a shotgun approach towards
detection. Over time, fecal DNA tests have become refined in their targets, utilizing a
mixture of driver and passenger gene alterations, including methylation of NDRG4 and
BMP3, KRAS, and with the inclusion of a fecal immunochemical test (FIT).” Most important
is the ability of the fecal DNA test to detect adenomas and cancer in asymptomatic patients,
and this has improved with each upgraded version of the test. The current version of the test
(v3.0), approved by the U.S. Food and Drug Administration in 2014 with approved
insurance covered by the U.S. Centers for Medicare and Medicaid Services, shows a 92.3%
detection of CRC and a 42.4% detection of advanced adenomas (>9 mm, villous or
malignant component), and a 42.4% detection of serrated polyps >1 cm, with a specificity of
86.6%. This compares to FIT alone, showing only 73.8% of CRC and 23.8% of advanced
adenomas detected, 5.1% of serrated polyps >1cm detected, and a specificity of 94.9%.
Thus, fecal DNA testing greatly improves upon FIT testing alone, with a slight cost in
specificity. Further refining the biomarkers utilized in fecal DNA testing will likely continue
to improve detection of advanced adenomas in future versions of the test, and will likely be
used more widely depending on the costs of the test as a honinvasive alternative for mass
asymptomatic CRC screening.
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Germline DNA Testing

Clinical suspicion that a familial CRC syndrome might be present generally comes from a
strong family history for syndromic cancers, personal history of cancer(s), a young age of
onset of cancer in the proband or family, as well as the presence of clinical features of the
syndrome.2 After genetic counseling, appropriate genetic testing for mutated genes that may
fit that syndrome would ensue in the most appropriate family member that can potential
yield a detected mutation. Individual gene testing, that is, testing one or a related group of
genes one at a time, was the norm. Cost reductions and advances in technology have allowed
whole exome sequencing and whole genome sequencing to be offered for some tests.?
Panels of genes that can simultaneously examine several genes for CRC risk are now offered
commercially, and data suggests that this approach has high yield for unsuspected mutations
in other genes,8 and may be more cost effective compared to one gene examine at a time
with some conditions.?

Essentially all germline mutations for familial CRC syndromes are driver mutations that
cause the extreme presentation of the typical somatic mutation in a family or proband.
Adenomatous polyposis syndromes follow the genetic mutational burden of hypermutated or
non-hypermutated groups, like sporadic CRCs. Familial adenomatous polyposis (FAP), an
autosomal dominant condition caused by germline mutation of the APC gene, and its near
phenocopy, MYH-associated polyposis (MAP), an autosomal recessive condition caused by
biallelic inheritance of two mutant MYH repair genes, are non-hypermutated conditions that
show aneuploid CRCs.2 The pattern of inheritance in the family pedigree is key to
distinguishing FAP and MAP, as both can present with or show risk for oligopolyposis to
extensive colonic polyposis, desmoids, duodenal and ampullary polyps and cancers.
Conjoined testing of these two syndromes sometimes makes sense if clinically they are
indistinguishable. However, the risks of cancer in related family members is different due to
the inheritance pattern. Lynch syndrome, an autosomal dominant condition caused by
germline mutation of one of several DNA mismatch repair (MMR) genes (MLH1, MSH2,
MSH6, PMS2, EPCAM) and polymerase proofreading associated polyposis (PPAP), caused
by germline mutation in the exonuclease domain of the polymerase genes POLE or POLD1,
generate hypermutated CRCs. Lynch syndrome CRCs demonstrate MSI, whereas PPAP
cancers do not,® and Lynch syndrome is much more common in the CRC population (~3%)
compared to PPAP (a fraction of one percent, with only a handful of families described in
the literature).2 Both Lynch syndrome patients and some PPAP patients will develop CRCs
as well as some endometrial and brain tumors for clinical spectrum overlap.1® Most clinics
specializing in hereditary CRC would test individuals for Lynch syndrome, particularly if
any obtained cancer from the proband or blood relative shows MSI. Assessing for PPAP,
due to it being a more rare condition, would only ensue if Lynch testing was negative. A
phenocopy of Lynch syndrome, Lynch-like syndrome, has as the only difference from
Lynch syndrome the lack of detectable germline mutation in a DNA MMR gene. Both
conditions show MSI in their CRCs, and both present at younger age of cancer onset
compared to sporadic patients. Lynch-like patients show two somatic hits within the
CRCs.1! Another Lynch syndrome phenocopy is the Familial CRC Type X syndrome
(FCCTX), in which rare individual gene mutations define families without a common

J Dig Cancer Rep. Author manuscript; available in PMC 2015 November 23.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carethers

Page 4

germline target.12-15 Tumors of FCCTX patients do not show MSI and have intact DNA
MMR function.12

Germline DNA testing for the rare hamartomatous polyposis syndromes also detect driver
mutations, with the pattern of CRC formation from hamartomatous polyps likely being in
the non-hypermutated grouping given no loss of major DNA MMR function or polymerase
function. CRCs have been shown to arise from the hamartomatous polyps through adenoma
transition.16 Patients or families generally have a classic or partial observable phenotype
associated with hamartomatous and/or hyperplastic polyps. These include PTEN germline
mutations in the PTEN Hamartoma Syndrome (including Cowden’s Disease, Lhermitte-
Duclos, and Bannayan-Riley-Ruvulcaba syndromes); SMAD4, and BMPR1A germline
mutations in juvenile polyposis syndrome with hereditary hemorrhagic telangiectasia
overlap; STK11 germline mutations in Peutz-Jeghers syndrome; and GREM1 overexpression
in Hereditary Mixed Polyposis syndrome.2 There is no germline testing for serrated
(hyperplastic) polyposis syndrome as generally there is no family history among probands,
and no known association with any mutated genes to date.?

Overall, germline DNA testing is a biomarker that determines the clinical and surveillance
approach to an affected patient and their family.

BIOMARKERS FROM DRIVER MUTATIONS FOR CRC PATIENT
TREATMENT

The approach to CRC largely involves screening asymptomatic as well as susceptible
populations. Chemoprevention and secondary prevention approaches to CRC involve the use
of aspirin and NSAIDs, with the caveat for gastrointestinal side effects.1’ Treatment of CRC
involves combinations of drugs tied to oral or parenteral forms of 5-fluorouracil (5-FU), and
may include oxaliplatin and/or irinotecan for some stage 11, all stage 111, and some stage IV
patients.1819 Molecularly targeted therapies have been added to treatment regimens for
stage IV patients and include bevacizimab (targeting VEGF), and cetuzimab and panitumab
(both targeting EGFR) and are effective in extending survival in combination with the
standard chemotherapy regimens.1® Biomarkers from driver gene mutations have emerged
that inform the practitioner regarding the utility of molecularly targeted therapies, as well as
identifying the optimal patients for primary and secondary prevention.

Microsatellite Instability and Adjuvant 5-Fluorouracil Treatment

Microsatellite instability (MSI) is a biomarker for the absence of DNA MMR function.1:20
This can be observed in patients with sporadic CRC (hypermethylation of MLH1 and the
presence of BRAFVY600E mytation), Lynch syndrome patients (germline DNA MMR gene
mutation), and Lynch-like syndrome patients (biallelic somatic DNA MMR gene
mutation),1 and CRCs are hypermutated. A surrogate for MSI is the absence of
immunohistochemical detection of a DNA MMR protein from the CRC.1:11.20

The presence of MSI in CRC is associated with improved outcome when compared to same-
staged CRC patients without MSI.1:2:20.21 However, stage 11 and 111 patients whose CRCs
manifest MSI do not appear to respond to 5-FU for improved survival like patients whose
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tumors do not show MSI.22:23 Biochemical studies demonstrate that intact DNA MMR
function is needed to recognize 5-FU that gets incorporated into DNA to trigger cell death of
CRC cells, and this process is abrogated with MMR deficiency rendering CRC cells
resistant to 5-FU.24:27 Detection of the absence or presence of MSI has been rolled into
commercialized prediction models to determine the consideration for 5-FU based
chemotherapy for stage Il patients.28

Mutant KRAS and BRAF and the Use of EGFR Inhibitors

About 55% of all CRCs show activating mutations in KRAS, NRAS or BRAF (with near
exclusivity of found mutations between these oncogenic proteins), intracellular signaling
components downstream of EGFR that incessantly signal through MAPK to turn on cellular
proliferation.® In addition, about 7% of CRCs overexpress EGFR itself.> Use of the
molecularly targeted EGFR inhibitors such as cetuximab and panitumab, two compounds
approved for treatment for stage IV CRC patients, do not work effectively in patients
carrying mutations in KRAS or BRAF due to the unhinging of EGFR regulation of these
mutant downstream effectors. Hazard ratios for progression-free survival when an EGFR
inhibitor is added to a 5-FU standard regimen was ~1.1 (showing no effectiveness compared
to the standard regimen alone) in patients manifesting mutant KRAS, but was 0.7 (showing
more effectiveness) in patients manifesting WT KRAS in their CRC.2° Detection of the
presence or absence of mutant KRAS has become the standard of care before considering
EGFR inhibitor therapy.

Mutant PIK3CA and Aspirin Usage

Patients who have had CRC are surveyed more frequently because their risk for recurrence
is greater than the general population. There is some evidence that secondary prevention via
the regular use of aspirin, in addition to colonoscopic surveillance, might curtail recurrence
risk. Aspirin inhibits the cyclooxygenase 2 enzyme (Cox-2), which downregulates WT P13
Kinase, part of a mitogenic pathway that signals through AKT and mTOR, and is
antagonized by PTEN. Activating mutations in a component of P13 Kinase, PIK3CA,
commences incessant oncogenic signaling. Thus, aspirin essentially mimics the normal
antagonism of PTEN upon P13 Kinase. Mutant PIK3CA has been shown to be a biomarker
for aspirin effectiveness. Patients whose original CRCs show mutant PIK3CA have a lower
probability for CRC-specific death with the regular use of aspirin compared to those patients
who did not use aspirin.3? There was no difference in the probability of death between
aspirin takers and non-takers if their CRC showed WT PIK3CA.3 Thus, the presence of
mutant P1K3CA is a predictor for aspirin effectiveness as a secondary chemoprevention
agent.

15-PDGH Expression and Aspirin Usage

15-hydroxyprostaglandin dehydrogenase (15-PGDH) is an enzyme that inactivates
prostaglandin E2, a pro-proliferative prostaglandin generated by Cox-2 and action by
microsomal PGE2 synthase-1. While Cox-2 levels are elevated in CRCs, generating more
PGE2, 15-PGDH levels are diminished in CRCs, preventing the destruction of PGE2 and
further enhancing its levels. The expression levels of 15-PGDH from normal colorectal
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mucosa can predict the effectiveness of aspirin as a primary or secondary preventive agent.
Compared to nonusers of aspirin, regular users of aspirin had no benefit from the aspirin if
their 15-PGDH levels were low (hazard ratio of 0.90, 95% CI 0.63 to 1.27, p=0.53).31
However, regular aspirin users with high mucosal levels of 15-PGDH demonstrated hazard
ratios for CRC of 0.49 (95% CI 0.34 to 0.71, p=0.0002).3 Thus, regular use of aspirin is
associated with a lower risk for CRC in which the colorectal mucosa expresses high levels
of 15-PGDH This biomarker can stratify who might benefit from aspirin, while avoiding the
side effects of aspirin in the population who would not benefit from it.

CONCLUSIONS

Biomarkers are increasingly being used in the decision-making and care of CRC patients.
They can inform practitioners regarding patients who most benefit from a treatment
approach, while avoiding unnecessary or non-beneficial effects in patients in which the
biomarker indicates that such treatment won’t be effective. Biomarkers can inform
diagnostic approaches, such as screening and/or surveillance for CRC in patients at average
or elevated risk. Biomarkers help discern individualized care, or precision medicine (Table
1). Future biomarkers that inform precision medicine for CRC patients will include: the
detection and targeting of circulating tumor cells and RNAs in the blood, the development of
individualized immunovaccines, and whole exome or whole genome sequencing to examine
individual driver mutation(s) for each person’s CRC.2

Acknowledgments

This work was supported by the United States Public Health Service (DK067287 and CA162147) and the A. Alfred
Taubman Medical Research Institute of the University of Michigan. The funders had no role in study design, data
collection and analysis, decision to publish, or preparation of the manuscript. This manuscript was presented at least
in part at the 2015 Multinational Alliant Gastro-Intestinal Cancer Symposium held in Seoul, Korea.

Abbreviations used

CRC colorectal cancer

15-PGDH 15-hydroxyprostaglandin dehydrogenase
WT wild-type

MMR DNA mismatch repair

MSI microsatellite instability

FIT fecal immunochemical test

FAP familial adenomatous polyposis

MAP MY H-associated polyposis

PPAP polymerase proofreading associated polyposis
FCCTX familial colorectal cancer type X
NSAID non-steroidal anti-inflammatory drug
VEGF vasculare endothelial growth factor
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EGFR epithelial growth factor receptor
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PGE2 prostaglandin E2
References
1. Grady WM, Carethers JM. Genomic and epigenetic instability in colorectal cancer pathogenesis.

Gastroenterology. 2008; 135:1079-1099. [PubMed: 18773902]

. Carethers JM. DNA testing and molecular screening for colon cancer. Clin Gastroenterol Hepatol.

2014; 12:377-381. [PubMed: 24355100]

. Vogelstein B, Papadopoulos N, Velculescu VE, Zhou S, Diaz LA Jr, Kinzler KW. Cancer genome

landscapes. Science. 2013; 339:1546-58. [PubMed: 23539594]

. Carethers JM. Proteomics, genomics and molecular biology in the personalized treatment of

colorectal cancer. J Gastroin-test Surg. 2012; 16:1648-1650.

. Cancer Genome Atlas Network. Comprehensive molecular characterization of human colon and

rectal cancer. Nature. 2012; 487:330-337. [PubMed: 22810696]

. Drost J, van Jaarsveld RH, Ponsioen B, Zimberlin C, van Boxtel R, Buijs A, Sachs N, Overmeer

RM, Offerhaus GJ, Begthel H, Korving J, van de Wetering M, Schwank G, Logtenberg M, Cuppen
E, Snippert HJ, Medema JP, Kops GJ, Clevers H. Sequential cancer mutations in cultured human
intestinal stem cells. Nature. 2015; 521:43-47. [PubMed: 25924068]

. Imperiale TF, Ransohoff DF, Itzkowitz SH, Levin TR, Lavin P, Lidgard GP, Ahlquist DA, Berger

BM. Multitarget stool DNA testing for colorectal-cancer screening. N Engl J Med. 2014; 370:1287-
1297. [PubMed: 24645800]

. Yurgelun MB, Allen B, Kaldate RR, Bowles KR, Judkins T, Kaushik P, Roa BB, Wenstrup RJ,

Hartman AR, Syngal S. Identification of a Variety of Mutations in Cancer Predisposition Genes in
Patients with Suspected Lynch Syndrome. Gastroenterology. 2015 May 13. pii: S0016—
5085(15)00678-2. Epub ahead of print. 10.1053/j.gastr0.2015.05.006

. Ladabaum U, Wang G, Terdiman J, Blanco A, Kuppermann M, Boland CR, Ford J, Elkin E, Phillips

KA. Strategies to identify the Lynch syndrome among patients with colorectal cancer: a cost-
effectiveness analysis. Ann Intern Med. 2011; 155:69-79. [PubMed: 21768580]

10. Palles C, Gizier JB, Howarth KM, Domingo E, Jones AM, Broderick P, et al. Germline mutations

affecting the proofreading domains of POLE and POLD1 predispose to colorectal adenomas and
carcinomas. Nat Genet. 2013; 45:136-144. [PubMed: 23263490]

11. Carethers JM. Differentiating Lynch-like from Lynch syndrome. Gastroenterology. 2014;

146:602-604. [PubMed: 24468183]

12. Lindor NM, Rabe K, Petersen GM, Haile R, Casey G, Baron J, Gallinger S, Bapat B, Aronson M,

Hopper J, Jass J, LeMarchand L, Grove J, Potter J, Newcomb P, Terdiman JP, Conrad P, Moslein
G, Goldberg R, Ziogas A, Anton-Culver H, de Andrade M, Siegmund K, Thibodeau SN,
Boardman LA, Seminara D. Lower cancer incidence in Amsterdam-I criteria families without
mismatch repair deficiency: familial colorectal cancer type X. JAMA. 2005; 293:1979-1985.
[PubMed: 15855431]

13. Nieminen TT, O’Donohue MF, Wu Y, Lohi H, Scherer SW, Paterson AD, Ellonen P, Abdel-

Rahman WM, Valo S, Mecklin JP, Jarvinen HJ, Gleizes PE, Peltoméki P. Germline mutation of
RPS20, encoding a ribosomal protein, causes predisposition to hereditary nonpolyposis colorectal
carcinoma without DNA mismatch repair deficiency. Gastroenterology. 2014; 147:595-598.
[PubMed: 24941021]

14. Schulz E, Klampfl P, Holzapfel S, Janecke AR, Ulz P, Renner W, Kashofer K, Nojima S, Leitner

A, Zebisch A, Wolfler A, Hofer S, Gerger A, Lax S, Beham-Schmid C, Steinke V, Heitzer E,
Geigl JB, Windpassinger C, Hoefler G, Speicher MR, Richard Boland C, Kumanogoh A, Sill H.
Germline variants in the SEMAJ4A gene predispose to familial colorectal cancer type X. Nat
Commun. 2014; 5:5191. [PubMed: 25307848]

J Dig Cancer Rep. Author manuscript; available in PMC 2015 November 23.



1duosnue Joyiny 1duosnue Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Carethers

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

Page 8

Wei C, Peng B, Han Y, Chen WV, Rother J, Tomlinson GE, Boland CR, Chaussabel M, Frazier
ML, Amos CI. Mutations of HNRNPAOQ and WIF1 predispose members of a large family to
multiple cancers. Fam Cancer. 2015; 14:297-306. [PubMed: 25716654]

Carethers JM. Unwinding the heterogeneous nature of hamartomatous polyposis syndromes.
JAMA. 2005; 294:2498-2500. [PubMed: 16287964]

Carethers JM. Secondary prevention of colorectal cancer: is there an optimal follow-up for patients
with colorectal cancer? Curr Colorectal Cancer Rep. 2010; 6:24-29. [PubMed: 20157368]
Carethers JM. Systemic treatment of advanced colorectal cancer ? tailoring therapy to the tumor.
Ther Adv Gastroenterol. 2008; 1:33-42.

Jo W-S, Carethers JM. Chemotherapeutic implications in microsatellite unstable colorectal cancer.
Cancer Biomarkers. 2006; 2:51-60. [PubMed: 17192059]

Boland CR, Goel A. Microsatellite instability in colorectal cancer. Gastroenterology. 2010;
138:2073-2087. [PubMed: 20420947]

Popat S, Hubner R, Houlston RS. Systematic review of microsatellite instability and colorectal
cancer prognosis. J Clin Oncol. 2005; 23:609-618. [PubMed: 15659508]

Carethers JM, Smith EJ, Behling CA, Nguyen L, Tajima A, Doctolero RT, Cabrera BL, Goel A,
Arnold CA, Miyai K, Boland CR. Use of 5-fluorouracil and survival in patients with microsatellite
unstable colorectal cancer. Gastroenterology. 2004; 126:394—401. [PubMed: 14762775]

Ribic CM, Sargent DJ, Moore MJ, Thibodeau SN, French AJ, Goldberg RM, Hamilton SR,
Laurent-Puig P, Gryfe R, Shepherd LE, Tu D, Redston M, Gallinger S. Tumor microsatellite-
instability status as a predictor of benefit from fluorouracil-based adjuvant chemotherapy for colon
cancer. N Engl J Med. 2003; 349:247-257. [PubMed: 12867608]

Tajima A, Hess MT, Cabrera BL, Kolodner RD, Carethers JM. The mismatch repair complex
hMutSa recognizes 5-fluoruracil-modified DNA: implications for chemosensitivity and resistance.
Gastroenterology. 2004; 127:1678-1684. [PubMed: 15578504]

Tajima A, lwaizumi M, Tseng-Rogenski S, Cabrera BL, Carethers JM. Both hMutSa and hMutSp
complexes participate in 5-fluoruracil cytotoxicity. PLoS One. 2011; 6:€28117. [PubMed:
22164234]

lwaizumi M, Tseng-Rogenski S, Carethers JM. DNA mismatch repair proficiency executing 5-
fluorouracil cytotoxicity in colorectal cancer cells. Cancer Biol Ther. 2011; 12:756-764. [PubMed:
21814034]

Hamaya Y, Guarinos C, Tseng-Rogenski SS, lwaizuma M, Das R, Jover R, Castells A, Llor X,
Andreu M, Carethers JM. Efficacy of adjuvant 5-fluorouracil therapy for patients with EMAST-
positive stage 11/111 colorectal cancer. PLoS One. 2015; 10:¢0127591. [PubMed: 25996601]
Srivastava G, Renfro LA, Behrens RJ, Lopatin M, Chao C, Soori GS, Dakhil SR, Mowat RB,
Kuebler JP, Kim G, Mazurczak M, Lee M, Alberts SR. Prospective multicenter study of the
impact of oncotype DX colon cancer assay results on treatment recommendations in stage Il colon
cancer patients. Oncologist. 2014; 19:492-497. [PubMed: 24710310]

Van Cutsem E, Kéhne CH, Hitre E, Zaluski J, Chang Chien CR, Makhson A, D’Haens G, Pintér T,
Lim R, Bodoky G, Roh JK, Folprecht G, Ruff P, Stroh C, Tejpar S, Schlichting M, Nippgen J,
Rougier P. Cetuximab and chemotherapy as initial treatment for metastatic colorectal cancer. N
Engl J Med. 2009; 360:1408-1417. [PubMed: 19339720]

Liao X, Lochhead P, Nishihara R, Morikawa T, Kuchiba A, Yamauchi M, Imamura Y, Qian ZR,
Baba Y, Shima K, Sun R, Nosho K, Meyerhardt JA, Giovannucci E, Fuchs CS, Chan AT, Ogino
S. Aspirin use, tumor PIK3CA mutation, and colorectal-cancer survival. N Engl J Med. 2012;
367:1596-1606. [PubMed: 23094721]

Fink SP, Yamauchi M, Nishihara R, Jung S, Kuchiba A, Wu K, Cho E, Giovannucci E, Fuchs CS,
Ogino S, Markowitz SD, Chan AT. Aspirin and the risk of colorectal cancer in relation to the
expression of 15-hydroxyprostaglandin dehydrogenase (HPGD). Sci Transl Med. 2014; 6:233re2.

J Dig Cancer Rep. Author manuscript; available in PMC 2015 November 23.



1duosnue Joyiny 1duosnuen Joyiny 1duasnuen Joyiny

1duasnuen Joyiny

Carethers

Page 9

Table 1

Some current biomarker examples from colorectal cancer patients that modify the clinical approach to care.

CRC-=colorectal cancer

Biomarker

Clinical Utility

Germline mutation in various genes associated with
hereditary CRC in white blood cell or buccal swab
epithelial cell

KRAS mutation; BRAF mutation in primary colorectal
cancer specimen

Methylation of NDRG4 and BMP3, and KRAS
mutation in NextGen Multitarget v3.0 Fecal DNA Test
(stool)

PIK3CA mutation in primary colorectal cancer
specimen

15-PGDH expression in normal colorectal mucosa

DNA mismatch repair protein expression (or
microsatellite instability) in primary colorectal cancer
specimen

Determines or confirms risk of cancer in patient/proband; information can extend to
testing of related family members to determine their risk; sets up appropriate
surveillance in at-risk patients and family members to extend life-span

Avoid use of EGFR inhibitors due to incessant signaling with mutation present in
stage IV CRC patients

Colorectal cancer screening in average risk patients every 3 years; if positive,
perform colonoscopy

Aspirin use can be effective with PIK3CA mutation present for secondary prevention

Aspirin can be effective to lower CRC risk with high levels of 15-PGDH

Absence approximates microsatellite instability; could identity Lynch syndrome
patient; predicts overall improved outcome with absence; absence predicts poor
response to 5-fluorouracil chemotherapy
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