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Summary

Colorectal cancer (CRC) is the most common cancer in Europe and the leading
cause of death. A combination of therapy with targeted agents and the knowledge of
many biomarkers is significantly increasing to better guide the selection of treatment.
Biomarkers that are currently used as predictive and prognostic, as well as factors for
therapy selection, are described in this overview. It refers to microsatellite instability
(MSI), RAS-family of oncogenes, BRAF, TP53, Ki-67, Oncotype DX_, phosphatidylinosi-
tol 3-kinase (PI3K)/AKT, 18q LOH, and CpG island methylator phenotype.

Only a few biomarkers are currently used and in routine reported by pathologists.
Future studies need to consider the combination of markers, standardising protocols
and, if possible, simple and standardised assays for the detection of molecular markers.
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INTRODUCTION

Colorectal cancer (CRC) is the most commonly diagnosed cancer in Eu-
rope and one of the leading causes of cancer death worldwide [1,2]. In 2008,
436,000 new cases of CRC were diagnosed in Europe and it was responsi-
ble for 212,000 (12.2%) deaths representing the second most common cau-
se of cancer death after lung cancer (19.9%) [1]. In Croatia, combined, colon,
rectum, rectosigmoid and anal cancers represented 15% in the male and 13%
in the female cancer incidence in 2011 [3].
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In the past years treatment and outcome of early and advanced disease
has steadily improved. Currently, a broad variety of trials and retrospective
analyses gave further insights into clinical questions like selection and du-
ration of treatment, combinations with targeted agents and also knowledge
of prognostic as well as predictive biomarkers is significantly increasing to
better guide selection of treatment.

Therefore pathology report is becoming more complex and in the field of
newfound and offered biomarkers it is becoming hard to identify and stan-
dardize those with truly predictive and prognostic value.

There are some factors definitively proven to be of prognostic importance
based on evidence from multiple published trials and generally used in pati-
ent management. These are: the local extent of tumor assessed pathologically
(the pT category ofthe TNM staging system of the American Joint Committee
on Cancer and the Union Internationale Contre le Cancer [AJCC/UICC]); re-
gional lymph node metastasis (the pN category of theTNM staging system);
blood or lymphatic vessel invasion; residual tumor following surgery with
curative intent (the R classification of the AJCC/UICC staging system), espe-
cially positive surgical margins [4].

Some factors biologically and clinically shown to have prognostic value
for outcome and/or predictive value for therapy are also reported by patho-
logist, although it remains to be validated in comprehensive studies. It inclu-
des tumor grade, radial margin status and residual tumor in the resection
specimen following neoadjuvant therapy (the ypINM category of the TNM
staging system) [4].

Factors shown to be promising in multiple studies are histologic type,
histologic features associated with microsatellite instability (MSI) (ie, host
lymphoid response to tumor and medullary or mucinous histologic type),
high degree of MSI (MSI-H), loss of heterozygosity at 18q (DCC gene allelic
loss), tumor border configuration (infiltrating vs pushing border), DNA con-
tent and all other molecular markers, perineural invasion, microvessel den-
sity, tumor cell-associated proteins or carbohydrates, peritumoral fibrosis,
peritumoral inflammatory response, focal neuroendocrine differentiation,
nuclear organizing regions and proliferation indices [4,5].

In recent years, colorectal cancer (CRC) has been divided into different
subgroups with distinct precursor lesions, pathways of carcinogenesis, mor-
phological, and molecular characteristics [6]. In spite of a tremendous amou-
nt of available literature on biomarkers only a few are nowadays used in da-
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ily clinical practice, such as KRAS, BRAF, MSI and the Oncotype DX_ Colon
Cancer Assay [7].

BIOMARKERS

Microsatellite instability

There are two forms of genomic instability that reflect different genetic
pathways of tumorigenesis. One refers to a clonal change in the number of
repeated DNA nucleotide units in microsatellites caused by deletions or in-
sertions, and appears in tumors with deficient mismatch repair (MMR) [8].

The biochemical basis of this phenotype is explained by strand-specific
mismatch repair defects and linked to germline mutations of the MMR gene
hMSH2 and hMLH1. MSI phenotype is also found in Lynch Syndrome as
mutations in PMS2 and hMSHS. If there is a clinical suspicion of Lynch Syn-
drome (Bethesda Guidelines), MSI testing with molecular screening and/or
immunohistochemistry is recommended by the ESMO Consensus [9].

Different mechanism causes the sporadic type of MSI to develop in CRC
and it is associated with hMLH1 promoter hypermethylation and lack of
hMLHI1 expression and subsequently loss of mismatch repair system func-
tion. This sporadic type of MSI could be investigated through testing for a
BRAF V600E mutation that is strongly associated with a sporadic origin or by
analysis of hAMLH1 promoter hypermethylation [8,10].

It has been shown that MSI CRC is associated with a better prognosis
than non-MSI CRC, but appears to be more pronounced for Lynch Syndrome
[8,11,12]. MSI testing in molecular pathology laboratories is becoming incre-
asingly available, but requires expertise and experience in testing and inter-
pretation. Nowadays, immunohistochemistry (IHC) shows high sensitivity
and specificity in detecting MSI and could therefore offer a relatively cheap,
easy to perform and universally available test for MSI, instead of a more com-
plex polymerase chain reaction (PCR)-based MSI test [13,14].

KRAS

The RAS-family of oncogenes consists of three members involved in tu-
mor development, KRAS, HRAS and NRAS. Active KRAS mutations are fo-
und in 35-42% of CRCs and are thought to occur early in CRC carcinogenesis
[15]. KRAS is part of the EGFR-signaling pathway downstream to EGFR, a
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receptor tyrosine kinase which is activated through extracellular ligand bin-
ding. Activation of the pathway ultimately leads to the modulation of angi-
ogenesis, cell migration, proliferation, cell adhesion, metastasis formation,
and survival [16, 17]. Differences in KRAS mutations at codon 12 and 13 may
result in different biological and functional consequences that could influen-
ce the prognosis of CRC. Initially, KRAS was found to be a strong prognostic
factor in CRC, but this finding was later restricted to a codon 12 mutation,
leading to a glycine to valine substitution (G12V).

American Society of Clinical Oncology recommends that all patients
with metastatic colorectal carcinoma who are candidates for anti-EGFR anti-
body therapy should have their tumor tested for KRAS mutations. If KRAS
mutation in codon 12 or 13 is detected, then patients should not receive an-
ti-EGFR antibody therapy as part of their treatment [18,19]. The attempt to
predict response to EGFR treatment by assessing EGFR expression by immu-
nohistochemistry in analogy to HER2/new in breast cancer turned out to be
unsuccessful [6]. Mutation of the KRAS gene results in a constitutively active
KRAS protein and mitogen activated protein kinase (MAPK) pathway signa-
ling independent from EGFR [6].

In general, KRAS mutational analyses concentrate on mutations in codon
12 and 13 with commercially available kits such as the ‘Therascreen KRAS
Mutation Test kit, which make up for 96% of all observed mutations. Other
activating mutations have been identified in these codons and, additionally,
in codon 61 and 146 of the KRAS gene.

Approximately 1% of tumors with wild type at codons 12 and 13 will
have mutations in codon 146 and an additional 7% of these will be mutated
in codon 61 (6,8,18,19). These mutations may very well predict resistance to
anti-EGFR treatment as may mutations of the Neuroblastoma RAS viral on-
cogene homolog (NRAS) gene. It remains to be seen, whether expanded mu-
tational analyses of KRAS and NRAS adds substantial additional predictive
value [6,8].

BRAF

The BRAF gene encodes a serine/threonine protein kinase belonging to
the RAS-RAF-MEK-ERK kinase pathway regulated by KRAS protein activity
and involved in CRC development. Nearly all oncogenic transformations of
BRAF are the V60OE mutations (8,20,21). The frequency of BRAF mutations
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in CRC decreases with advancing UICC stage, approximately 8% of all CRC
carry a BRAF mutation which is mutually exclusive to KRAS mutations
[5,8,22].

After being primarily discussed as a potent predictive marker for resi-
stance to anti-EGFR treatment, BRAF mutation has meanwhile been reported
as a marker for poor prognosis in CRC in a number of retrospective analyses
of large clinical trials.

The prognostic value of BRAF mutation is obviously influenced by the
MSI status. In fact, patients with BRAF mutation and MSI had a favorable
prognosis when compared with microsatellite stabile( MSS)/ BRAF wild-ty-
pe patients [5,8,22,23].

Immunohistochemistry (IHC) can be used in detecting BRAF mutation; it
shows high sensitivity and specificity for BRAF V600E mutation.

Other potential biomarkers

TP53 is a tumor suppressor gene on the short arm of chromosome 17, en-
coding a protein important in regulating cell division. It is aborting growth
of potentially malignant cells. Mutations of the TP53 gene are detected in up
to 85% of CRCs, usually occurring during the adenoma to adenocarcinoma
transition (24,25,26). Lack of consensus on antibodies and scoring methods
in immunohistochemical staining, lack of correlation between immunohis-
tochemical overexpression and clinical data and discrepancies between im-
munohistochemistry and mutation analysis are responsible for conflicting
results and are therefore important reasons for not justifying the use of TP53
in clinical practice [8,26,27].

Proliferation and ability to evade apoptosis is one of the most important
attributes tumor cells must acquire for tumorigenesis. Ki-67 is used to deter-
mine proliferation in tumor cells but lack of uniformity in methodological
approach and variations in the interpretation and reporting of pathologic
findings are currently the most problematic issues associated with this fac-
tor. Further research should focus on combined analysis of proliferation and
apoptosis, as a balance might exist between these two hallmarks of cancer
[6,8,28-30].

Genomic signatures potentially have a high prognostic value and some
are already in use in clinical practice, like Oncotype DX_. Other genomic
signatures need to be validated before introducing them in clinical practice,
preferably using tissues from randomized clinical trials [6,8,31-33].
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Activation of the phosphatidylinositol 3-kinase (PI3K)/AKT pathway has
been associated with the development of a human CRC, when stratified by
KRAS status, a worse colon cancer-specific mortality associated with a PIK-
3CA mutation was only found in KRAS wildtype tumors [8,34].

The prognostic value of 18q LOH also remains unclear and validation is
necessary to draw further conclusions [35].

The existence of a new pathway for CRC pathogenesis which involves the
transcriptional silencing of tumor suppressor genes by hypermethylation of
CpG islands of the promoter region of various genes is increasingly studying.
These tumors are classified as having the CpG island methylator phenotype
(CIMP). CIMP could be used as a prognostic marker, but further research is
necessary to confirm and validate these data [35,36,37].

CONCLUSION

Our knowledge of the process of tumorigenesis has been increasing in
the past decades and it affects the development of new treatment modalities
in human cancer. Only a few biomarkers are currently used and in routine
reported by pathologist. Future studies need to consider the combination of
markers, standardising protocols and if possible simple, cheap, automated
and standardized assays for the detection of molecular markers. Most impor-
tantly, results need to be validated in larger studies, followed by prospective
trials.

References
[1] Ferlay J, Parkin DM, Steliarova-Foucher E. Estimates of cancer incidence and mortal-
ity in Europe in 2008. Eur ] Cancer. 2010;46:765-781.

[2] Jemal A, Bray F, Center MM et al. Global cancer statistics. CA Cancer ] Clin. 2011; 61:
69-90.

[3] Znaor A. Cancer Incidence in Croatia in2011. Croatian National Institute of Public
Health. Croatian National Cancer Registry. 2013;36:3-8.

[4] Compton CC, Fielding LP, Burgart L] et al. Prognostic Factors in Colorectal Cancer
College of American Pathologists Consensus Statement 1999. Arch Pathol Lab Med.
2000;124:979-994.

[5] Schmoll HJ, Van Cutsem E, Stein A et al. ESMO Consensus Guidelines for manage-

ment of patients with colon and rectal cancer. A personalized approach to clinical
decision making. Annals of Oncology. 2012;23:2479-2516.

46



Rad 520. Medical Sciences, 40 (2014) : 41-49
M. Ulamec, B. Kruslin: Colorectal cancer, novel biomarkers and immunohistochemistry — an overviw

(6]

(7]

(8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]
[16]
(17]

[18]

[19]

[20]

Aust DE, Sommer U, Baretton GB. What can molecular pathology offer for optimal
decision making? Annals of Oncology. 2012;23:63-70.

Reimers MS, Zeestraten ECM, Kuppen P et al. Review Biomarkers in precision ther-
apy in colorectal cancer. Gastroenterology Report. 2013;22:166-183.

Bolocan A, Ion D, Ciocan DN et al. Prognostic and predictive factors in colorectal
cancer. Chirurgia. 2012;107:555-63.

Umar A, Boland CR, Terdiman JP et al. Revised Bethesda Guidelines for hereditary
nonpolyposis colorectal cancer (Lynch syndrome) and microsatellite instability. |
Natl Cancer Inst. 2004;96:261-68.

Capper D, Voigt A, Bozukova G et al. BRAF V600E-specific immunohistochemistry
for the exclusion of Lynch syndrome in MSI-H colorectal cancer. Int ] Cancer. 2013;
133:1624-30.

Bertagnolli MM, Redston M, Compton CC et al. Microsatellite instability and loss of
heterozygosity at chromosomal location 18q: prospective evaluation of biomarkers
for stages II and III colon cancer: a study of CALGB 9581 and 89803. J Clin Oncol.
2011;29:3153-62.

Hutchins G, Southward K, Handley K et al. Value of mismatch repair, KRAS and
BRAF mutations in predicting recurrence and benefits from chemotherapy in
colorectal cancer. ] Clin Oncol. 2011;29:1261-70.

Parc Y, Gueroult S, Mourra N et al. Prognostic significance of microsatellite instabil-
ity determined by immunohistochemical staining of MSH2 and MLH1 in sporadic
T3NOMO colon cancer. Gut. 2004;53:371-75.

Soreide K. Molecular testing for microsatellite instability and DNA mismatch repair
defects in hereditary and sporadic colorectal cancers: ready for prime time? Tumour
Biol. 2007;28:290-300.

Schubbert S, Shannon K and Bollag G. Hyperactive Ras in developmental disorders
and cancer. Nat Rev Cancer. 2007;7:295-308.

Mendelsohn J, Baselga ]J. Epidermal growth factor receptor targeting in cancer. Se-
min Oncol. 2006;33:369-385.

Scaltriti M, Baselga J. The epidermal growth factor receptor pathway: a model for
targeted therapy. Clin Cancer Res. 2006;12:5268-5272.

Barault L, Veyrie N, Jooste V et al. Mutations in the RAS-MAPK, PI(3)K (phosphati-
dylinositol-3-OH kinase) signaling network correlate with poor survival in a popu-
lation-based series of colon cancers. Int ] Cancer. 2008;122:2255-59.

Allegra CJ, Milburn Jessup ], Somerfield MR et al. American Society of Clinical On-
cology Provisional Clinical Opinion: Testing for KRAS Gene Mutations in Patients
With Metastatic Colorectal Carcinoma to Predict Response to Anti-Epidermal
Growth Factor Receptor Monoclonal Antibody Therapy. from jco.ascopubs.org.

Davies H, Bignell GR, Cox C et al. Mutations of the BRAF gene in human cancer.
Nature. 2002;417:949-54.

47



Rad 520. Medical Sciences, 40 (2014) : 41-49
M. Ulamec, B. Kruslin: Colorectal cancer, novel biomarkers and immunohistochemistry — an overviw

[21]

[22]

(23]

[24]
[25]

[26]

(27]

(28]
[29]
(30]

[31]

(32]

(33]

(34]

[35]

[36]

48

Farina-Sarasqueta A, van LG, Moerland E et al. The BRAF V600E mutation is an
independent prognostic factor for survival in stage II and stage III colon cancer pa-
tients. Ann Oncol. 2010;21:2396-402.

Richman SD, Seymour MT, Chambers P et al. KRAS and BRAF mutations in ad-
vanced colorectal cancer are associated with poor prognosis but do not preclude
benefit from oxaliplatin or irinotecan: results from the MRC FOCUS trial. ] Clin On-
col. 2009;27: 5931-5937.

Samowitz WS, Sweeney C, Herrick J et al. Poor survival associated with the BRAF
V600E mutation in microsatellite-stable colon cancers. Cancer Res. 2005;65:6063-
6069.

Levine AJ. p53, the cellular gatekeeper for growth and division. Cell. 1997;88:323-31.

Leslie A, Pratt NR, Gillespie K et al. Mutations of APC, K-ras and p53 are associated
with specific chromosomal aberrations in colorectal adenocarcinomas. Cancer Res.
2003;63:4656-61.

Lopez I, Oliveira P, Tucci P et al. Different mutation profiles associated to P53 accu-
mulation in colorectal cancer. Gene. 2012;499:81-87.

Menezes HL, Juca MJ, Gomes EG et al. Analysis of the immunohistochemical ex-
pressions of p53, bcl-2 and Ki-67 in colorectal adenocarcinoma and their correlations
with the prognostic factors. Arq Gastroenterol. 2010;47:141-47.

Hanahan D and Weinberg RA. Hallmarks of cancer: the next generation. Cell.
2011;144:646-74.

Brown JM and Attardi LD. The role of apoptosis in cancer development and treat-
ment response. Nat Rev Cancer. 2005;5:231-37.

de Heer P, de Bruin EC, Klein-Kranenbarg E et al. Caspase-3 activity predicts local
recurrence in rectal cancer. Clin Cancer Res. 2007;13:5810-15.

Maak M, Simon I, Nitsche U et al. Independent Validation of a Prognostic Ge-
nomic Signature (ColoPrint) for Patients With Stage II Colon Cancer. Ann Surg.
2013;257:1053-58.

Jiang Y, Casey G, Lavery IC et al. Development of a clinically feasible molecular as-
say to predict recurrence of stage II colon cancer. ] Mol Diagn. 2008;10:346-54.

Lin YH, Friederichs ], Black MA et al. Multiple gene expression classifiers from dif-
ferent array platforms predict poor prognosis of colorectal cancer. Clin Cancer Res.
2007;13(2 Pt 1):498-507.

Farina SA, Zeestraten EC, van Wezel T et al. PIK3CA kinase domain mutation iden-
tifies a subgroup of stage III colon cancer patients with poor prognosis. Cell Oncol
(Dordr). 2011,34:523-31.

Ogino S, Nosho K, Irahara N et al. Prognostic significance and molecular associa-
tions of 18q loss of heterozygosity: a cohort study of microsatellite stable colorectal
cancers. ] Clin Oncol. 2009;27:4591-98.

Herman JG and Baylin SB. Gene silencing in cancer in association with promoter
hypermethylation. N Engl ] Med. 2003;349:2042-54.



Rad 520. Medical Sciences, 40 (2014) : 41-49
M. Ulamec, B. Kruslin: Colorectal cancer, novel biomarkers and immunohistochemistry — an overviw

[37] Hawkins N, Norrie M, Cheong K et al. CpG island methylation in sporadic colorec-
tal cancers and its relationship to microsatellite instability. Gastroenterology.
2002;122:1376-87.

Sazetak
Kolorektalni karcinom, novi biomarkeri i uloga imunohistokemije

Kolorektalni karcinom najcesci je maligni tumor u zemljama Europe te jedan od
vodetih uzroka smrti od raka. Kombinirana terapija s lijekovima koji djeluju ciljano
(tzv. pametni lijekovi) te sve vise novih saznanja i novootkrivenih biomarkera koje tu-
mor eksprimira znacajno je povecala mogucnost selektivne terapije. Biomarkeri koji se
trenutno sve viSe koriste kao prognosticki i prediktivni, kao i oni koji su vazni za izbor
terapije opisani su u ovom pregledu. Medu spomenute se najcesce ubraja mikrosate-
litska nestabilnost zbog pogreske u popravku gena, RAS-obitelj onkogena, BRAF, TP53,
Ki-67, Onkotip DX, fosfatidilinozitol-3 kinaza (PI3K)/AKT, 18q LOH i CpG metilacijski
fenotip. Trenutno je u Siroj upotrebi svega nekoliko markera te se rutinski spominju u
patoloskom izvjestaju.

Buduce studije bi centar istraZivanja trebale usmijeriti prema kombinacijama razlici-
tih markera, uspostavi standardiziranih protokola te jednostavnih i dostupnih analiza za
otkrivanje ekspresije molekularnih markera.

Klju¢ne rijeci: kolorektalni karcinom; biomarker; mikrosatellitska nestabilnost;
KRAS; BRAF.
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