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ABSTRACT – Colorectal cancer (CRC) is a common disease, with incidence in Brazil of 45,630 new cases per 100,000 inhabitants between 2023–2025. Risk factors 
for CRC can be evaluated between environmental and hereditary and their mode of presentation are classified as sporadic, inherited and familial. Sporadic 
disease is characterized by the absence of a family history and accounts for approximately 70% of all colorectal cancers, being more common over 50 years of 
age, with dietary and environmental factors implicated in its pathogenesis. Sporadic disease is characterized by the absence of a family history and accounts for 
approximately 70% of all colorectal cancers, being more common over 50 years of age, with dietary and environmental factors implicated in its pathogenesis. 
The percentage of patients with a true hereditary genetic predisposition is less than 10%, and these are related to the presence or absence of colonic polyps as 
an important manifestation of the disease. Non-polyposis diseases are known as hereditary non-polypomatous colorectal cancer (HNPCC) or Lynch syndrome, 
and polyposis diseases are familial adenomatous polyposis (FAP), MUTYH-associated polyposis (MAP), and hamartomatous polyposis syndromes (e.g., Peutz-
Jeghers, juvenile polyposis, phosphatase and tensin homologue – PTEN, Cowden syndrome). These diseases are linked to a high risk of developing cancer. With 
the development of treatments in metastatic disease and the use of targeted therapies and their biomarkers, it was possible to evaluate them within clinical 
studies both in the primary tumor and in the correspondence of metastases.

HEADINGS: Colorectal Cancer. Genetics. Neoplasms Metastasis. 
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RESUMO – O câncer colorretal (CCR) é uma doença comum, com incidência no Brasil de 45.630 novos casos por 100.000 habitantes entre 2023–2025. Os fatores de 
risco para CCR podem ser avaliados entre ambientais e hereditários e seu modo de apresentação são classificados como esporádicos, hereditários e familiares. 
A doença esporádica é caracterizada pela ausência de histórico familiar e representa aproximadamente 70% de todos os cânceres colorretais, sendo mais 
comum acima de 50 anos de idade, com fatores dietéticos e ambientais implicados em sua patogênese. A porcentagem de pacientes com uma verdadeira 
predisposição genética hereditária é menor que 10%, e estes estão relacionados à presença ou ausência de pólipos colônicos como uma manifestação 
importante da doença. Doenças não polipóticas são conhecidas como câncer colorretal hereditário não polipomatoso (HNPCC) ou síndrome de Lynch, e 
doenças polipóticas são polipose adenomatosa familiar (FAP), polipose associada a MUTYH (MAP) e síndromes de polipose hamartomatosa (Peutz-Jeghers, 
polipose juvenil, fosfatase e homólogo de tensina – PTEN, síndrome de Cowden). Essas doenças estão ligadas a um alto risco de desenvolver câncer. Com o 
desenvolvimento de tratamentos em doenças metastáticas e o uso de terapias direcionadas e seus biomarcadores, foi possível avaliá-los em estudos clínicos 
tanto no tumor primário quanto na correspondência de metástases.
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A QUEDA DA PRESSÃO PORTAL APÓS DESVASCULARIZAÇÃO 
ESOFAGOGÁSTRICA E ESPLENECTOMIA INFLUENCIA A VARIAÇÃO 
DO CALIBRE DAS VARIZES E AS TAXAS DE RESSANGRAMENTO NA 
ESQUISTOSSOMOSE NO SEGUIMENTO EM LONGO PRAZO?
Does the drop in portal pressure after esophagogastric devascularization and splenectomy 
variation of variceal calibers and the rebleeding rates in schistosomiasis in late follow-up?
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ABSTRACT - Background: The treatment of choice for patients with schistosomiasis with 
previous episode of varices is bleeding esophagogastric devascularization and splenectomy 
(EGDS) in association with postoperative endoscopic therapy. However, studies have shown 
varices recurrence especially after long-term follow-up. Aim: To assess the impact on 
behavior of esophageal varices and bleeding recurrence after post-operative endoscopic 
treatment of patients submitted to EGDS. Methods: Thirty-six patients submitted to EGDS 

portal pressure drop, more or less than 30%, and compared with the behavior of esophageal 
varices and the rate of bleeding recurrence. Results
late post-operative varices caliber when compared the pre-operative data was observed 
despite an increase in diameter during follow-up that was controlled by endoscopic therapy. 
Conclusion
variceal calibers when comparing pre-operative and early or late post-operative diameters. 
The comparison between the portal pressure drop and the rebleeding rates was also not 

HEADINGS: Schistosomiasis mansoni. Portal hypertension. Surgery. Portal pressure. 
Esophageal and gastric varices.

RESUMO - Racional: O tratamento de escolha para pacientes com hipertensão portal 
esquistossomótica com sangramento de varizes é a desconexão ázigo-portal mais 
esplenectomia (DAPE) associada à terapia endoscópica. Porém, estudos mostram aumento 
do calibre das varizes em alguns pacientes durante o seguimento em longo prazo. Objetivo: 
Avaliar o impacto da DAPE e tratamento endoscópico pós-operatório no comportamento 
das varizes esofágicas e recidiva hemorrágica, de pacientes esquistossomóticos. Métodos: 
Foram estudados 36 pacientes com seguimento superior a cinco anos, distribuídos em 
dois grupos: queda da pressão portal abaixo de 30% e acima de 30% comparados com o 
calibre das varizes esofágicas no pós-operatório precoce e tardio além do índice de recidiva 
hemorrágica. Resultados
esofágicas que, durante o seguimento aumentaram de calibre e foram controladas com 

o comportamento do calibre das varizes no pós-operatório precoce nem tardio nem os 
índices de recidiva hemorrágica. Conclusão

operatórios precoces ou tardios. A comparação entre a queda de pressão do portal e as 

DESCRITORES: Esquistossomose mansoni. Hipertensão portal. Cirurgia. Pressão na veia porta. Varizes esofágicas 
e gástricas.
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Perspectiva
Este estudo avaliou o impacto tardio no índice 
de ressangramento de pacientes submetidos ao 
tratamento cirúrgico e endoscópico. A queda na 

variação do calibre das varizes quando comparado 
o seu diâmetro no pré e pós-operatório precoce e 
tardio. A comparação entre a queda de pressão 
portal e as taxas de ressangramento, também 

evidenciar se apenas a terapia endoscópica, ou 
operações menos complexas poderão controlar o 
sangramento das varizes.

Evolução do calibre das varizes no período pré e pós-
operatório precoce  e tardio

Mensagem central
A desconexão ázigo-portal e esplenectomia 
apresenta importante impacto na diminuição 
precoce do calibre das varizes esofágicas na 
esquistossomose; entretanto, parece que a 
associação com a terapia endoscópica é a maior 
responsável pelo controle da recidiva hemorrágica.
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several specific molecular and morphological alterations, which 
target tumor suppressor genes, oncogenes and those related 
to DNA repair mechanisms. As described above, depending 
on the origin of these mutations, CRC is classified as sporadic 
(70–75%), hereditary (5%) and familial (20–25%)15.

Origin and progression of colorectal cancer
There are three main pathways that are involved in the 

origin and progression of CRC, described below: 
1. Chromosomal instability (CIN); 
2. Microsatellite instability (MSI); 
3. CpG island methylation phenotype (CIMP), below we 

will describe its pathological, genetic and clinical characteristics15. 

The most common genetic mechanism is chromosomal 
instability, accounting for 85% of all CCRs, characterized by 
the acquisition of consistent karyotypic variability, aneuploidy, 
chromosomal and subchromosomal aberrations, gene amplifications 
and loss of heterozygosity. The main one being the loss of 
heterozygosity in the loci of tumor suppressor genes. Another 
important feature of this subgroup is the association with the 
accumulation of mutations at the level of several oncogenes, 
including KRAS (Ki-ras2 Kirsten rat sarcoma viral oncogene 
homolog) and BRAF, and tumor suppressor genes such as 
APC (adenomatous polyposis coli) and TP53. Due to these 
characteristics, a meta-analysis demonstrated that this profile 
is associated with a worse prognosis20. 

The second most common mechanism is the CIMP pathway 
— colorectal tumors that have a particularly high frequency of 
methylation of some CpG islands (in which a cytosine [C] base 
is immediately followed by a guanine [G] base that are linked 
by a phosphodiester bond [CpG]), responsible for 20–30% of 
all RCCs and is more frequent in the proximal colon (30-40%) 
and more rarely found in the distal colon (3-12%). This defect 
may result in hypermethylation of the promoter region of DNA 
repair enzymes such as MLH1 and silencing of gene expression. 
Activating mutations in the BRAF gene, mostly in the V600E 
codon, occur almost exclusively in MSI-H, CIMP+ tumors that 
do not carry any mutations in the KRAS gene21.

Finally, the mechanisms for microsatellite instability involve 
several recurrent changes in the microsatellite zone, without 
apparent structural and numerical changes in the genome. 
Approximately 15% of all RCCs have a high frequency of MSI 
due to germline mutations in the mismatch repair system 
(MMR) or somatic inactivation by hypermethylation of the 
MLH1 gene promoter4. 

Colorectal cancer molecular subtypes
It was through an analysis of gene expression, obtained 

in thousands of cases of CRC, that a classification for colon 
cancer was proposed, based on four main molecular consensus 
subtypes (CMS), CMS1 to CMS4. Below we will describe the 
main characteristics of each subtype10. 

The CMS1 group (MSI immune subtype, 14%) is genetically 
characterized by hypermutation, hypermethylation, BRAFV600E 
mutations (40% of tumors) and mainly by significant infiltration 
of the tumor microenvironment by immune cells, particularly T 
lymphocytes (cytotoxic CD8+ and CD4+ T helper) and natural 
killer lymphocytes. The most frequent mutations in these tumors 
are in the APC gene (35%), TP53 (30%) and KRAS (25%), other 
possible mutations are in the MSH6, RNF43, ATM, TGFBR2, 
BRAF and PTEN genes. Its origin is more commonly described 
through precursor lesions with serrated histology, in proximal 
regions of the colon and has an intermediate prognosis, being 
poor after relapse10. 

The canonical subtype, better known as CMS2, corresponds 
to 37% of cases and is characterized by high chromosomal 
instability (CIN-H), microsatellite stability (MSS) and low levels 

INTRODUCTION

Colorectal cancer (CRC) is a common disease, with 
approximately 151,030 new cases each year in 
the United States18 and has a forecast incidence 

in Brazil of 45,630 new cases per 100,000 inhabitants between 
2023–202517. Risk factors for CRC can be evaluated between 
environmental and hereditary and their mode of presentation 
are classified as sporadic, inherited and familial

Sporadic disease is characterized by the absence of 
a family history and accounts for approximately 70% of all 
colorectal cancers, being more common over 50 years of 
age, with dietary and environmental factors implicated in its 
pathogenesis. The percentage of patients with a true hereditary 
genetic predisposition is less than 10%, and these are related 
to the presence or absence of colonic polyps as an important 
manifestation of the disease. Non-polyposis diseases are 
known as hereditary non-polypomatous colorectal cancer 
(HNPCC) or Lynch syndrome, and polyposis diseases are 
familial adenomatous polyposis (FAP), MUTYH-associated 
polyposis (MAP), and hamartomatous polyposis syndromes 
(e.g., Peutz-Jeghers, juvenile polyposis, phosphatase and tensin 
homologue [PTEN] Cowden syndrome). These diseases are 
linked to a high risk of developing cancer3. The third and least 
understood pattern is known as “familial” CRC, and is related 
to up to 25% of cases. These are those patients who do not 
fit into any genetic syndrome, but have a first-degree relative 
affected by the disease. Having a single first-degree relative 
diagnosed with CRC increases your risk by up to 1.7 times 
compared to the general population.

The mechanism of transformation of a normal colonic 
epithelium into invasive cancer is possibly related to specific 
genetic alterations, which can be inherited or acquired. Germline 
mutations are those that occur during or before fertilization of 
the ovum, and are then likely to be transmitted from parent to 
child. However, in cases where the mutation occurs spontaneously 
in the sperm, egg or zygote, the affected individual’s parents 
do not express the cancer phenotype, but future progeny may 
inherit the mutation. The most common alteration is that which 
occurs spontaneously in a cell during the growth or development 
of a given tissue or organ, and is called somatic mutation9,16. 

The best-known evolution to colorectal cancer is the 
adenoma-carcinoma sequence, where the adenomas (adenomatous 
polyps) become dysplastic. They form when the usual mechanisms 
that regulate epithelial renewal are disrupted. Cell proliferation 
occurs at the base of the crypts, and as cells are continually 
moved towards the luminal surface, they stop proliferating 
and terminally differentiate. This orderly process is interrupted 
as the adenomas increase in size, becoming dysplastic and 
eventually reaching some invasive potential5. 

In the 90’s, Fearon et al. described that germline or 
somatic mutations are necessary for malignant transformation 
and also about the accumulation of genetic mutations that 
characterize the biological behavior of the tumor9. Sporadic 
cancers result from the accumulation of multiple somatic 
mutations, while germline mutations are the basis of genetic 
syndromes (eg, familial adenomatous polyposis and Lynch 
syndrome)3. In addition to point mutations, other genetic 
alterations are implicated in human tumorigenesis and 
include altered DNA methylation and gene rearrangements, 
amplifications, overexpression, and deletions.

Although this pathway is the most studied and most 
common, there is evidence of an alternative route through 
serrated polyps, a group that encompasses a morphologic 
spectrum that includes hyperplastic polyps, mixed hyperplastic 
polyps/adenomas, and serrated adenomas11. 

Because it is a heterogeneous disease that comprises 
several tumor phenotypes, colorectal cancer is characterized by 
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of gene hypermethylation. The most frequent mutations include 
recurrent APC (75%), TP53 (70%) and KRAS (30%), while BRAF 
mutations were absent, there is increased downstream targets 
of WNT and MYC, elevated expression of EGFR, HER2, IGF2, IRS2, 
HNF4A and cyclin, and are more frequent in the distal colon10,21.

The CMS3 subtype or metabolic subtype (10%) is characterized 
by the activation of glutaminolysis and lipidogenesis and by 
the presence of a distinct genomic and epigenomic profile 
when compared to other tumors with chromosomal instability. 
This occurs due to the presence of a mixed CIMP-H (20%), 
MSI-H (15%), hypermutation (30%) and CIN-H (54%), at the 
mutational level frequent mutations are found in KRAS and 
APC and less frequently in TP53 and BRAF. The most common 
morphology is papillary and they are located at the proximal 
and distal level of the colon14.

Comprising 25% of cases, the CMS4 subtype, known as 
mesenchymal, is characterized by the presence of tumors that 
exhibit activation of pathways related to epithelial-mesenchymal 
transition (EMT) and stemness (TGF-β and integrin signaling) 
and overexpression of genes involved extracellular matrix 
remodeling, stromal invasion and angiogenesis, complement-
associated inflammation. The marked infiltration of stromal 
cells in the tumor microenvironment is typical in these tumors, 
as well as CIMP-H and MSI-H are frequently associated with 
high chromosomal instability, although rarely hypermutated. 
Mutations in APC, TP53 and KRAS are common, as well as rare 
mutations in BRAF. From the histological point of view, they 
have a desmoplastic characteristic with high stroma and have 
a worse prognosis when compared to other subtypes10. 

There is also a subgroup that is not possible to be included 
in any of those described above, which make up 10–15% of 
the total number of tumors and have mixed characteristics, 
reflecting tumor heterogeneity10. 

In recent years, some studies have shown that CRC 
presents clinically relevant molecular heterogeneity related to 
several genetic and non-genetic mechanisms. The identification 
of molecular subtypes helped to demonstrate new treatment 
strategies for selected groups of patients, the so-called “target 
therapies”. As the presence of mutations in the KRAS or NRAS 
genes that allowed the identification of the refractoriness of 
this subgroup of patients with the use of therapies with EGFR 
inhibitors; as well as the presence of “wild-type” tumors, with 
no mutation in the KRAS, NRAS, BRAF and PIK3CA/PTEN genes 
would be responsive to EGFR inhibitors. Another example 
would be patients with the BRAF V600E mutation, who have 
a worse prognosis, but who respond to combined treatment 
with anti EGFR in association with a BRAF inhibitor. As well as 
other molecular targets such as HER-2 amplification, where 
patients may be sensitive to anti HER-2 blockade; as well as 
hypermutated RCC patients such as MSI-H and POLE who are 
particularly responsive to the use of immune checkpoint inhibitor 
treatments. And finally, patients with mesenchymal phenotype 
who exhibit immunosuppressive mechanisms that can be 
removed through treatments combined with immunotherapy8. 

The initial treatment strategy for advanced disease always 
relies on the molecular profile of the disease, the location of 
the tumor and the patient’s performance status as key features.

Genetics of colorectal cancer of the primary lesion 
and its correspondence in metastases

Around 20% of patients are diagnosed with advanced 
disease, its main sites of metastases are liver, lung, peritoneum, 
bone and central nervous system with greater rarity. Numerous 
comparative studies of tumor sequencing of primary lesions 
and metastases have been performed and a high degree of 
agreement has been observed12. These data reinforce the view 
that a better understanding of molecular alterations and their 
heterogeneity can improve the outcome of the treatment of 

these patients. In one study19, the analysis of KRAS, NRAS, BRAF, 
PIK3CA and TP53 genes in 84 patients with colorectal cancer 
was reported. As a result, it was observed that the frequency of 
mutations in the KRAS, NRAS and PIK3CA genes were similar in 
metastatic tumors versus primary tumors; TP53 mutations were 
more frequent in metastatic versus primary tumors (53 versus 
30%, respectively), while BRAF mutations were significantly 
less frequent (1.9 versus 7.7%). In this same study, discordant 
mutations in KRAS/NRAS and BRAF were not observed; the 
only private mutations, defined as mutations seen only in 
the primary or metastatic tumor, were seen at the level of the 
APC, PIK3CA, SMAD4 and TP53 genes. These findings have 
supported the view that genetic alterations that occur early 
during the genesis of colorectal cancer, such as APC, KRAS, 
NRAS and BRAF mutations, are maintained during the tumor 
evolution process until the final level of tumor metastases2,7. 

It was through a meta-analysis of 61 clinical studies 
with approximately 3,565 patients with metastatic RCCs that 
it was demonstrated: 

1. A very high median of agreement of biomarkers for 
KRAS (93%), NRAS (100%), BRAF (99.4% ), PIK3CA (93%); 

2. A pooled discordance of 8% for KRAS, 8% for BRAF 
and 7% for PIK3CA. 

These findings further support the maintenance of key 
driver mutations in patients with colorectal cancer who undergo 
metastatic spread1. 

Liver metastases
The liver is one of the most frequent sites of dissemination 

of colorectal cancer. Liver metastases may be amenable to local 
surgical treatment or through procedures such as therapeutic 
ablation, which leads to a gain in survival for this subpopulation. 
A possible link between genomic characteristics and outcomes 
in patients with metastatic colorectal cancer undergoing 
resection of liver metastases was evidenced. Some studies 
have shown that the presence of double mutation RAS/TP53 
in tumors located in the right colon (31% of patients) had a 
lower 5-year overall survival of 12%, when compared to 55% 
in the subgroup of patients with TP53 wild type6. 

In 5.1% of patients with metastatic colorectal cancer, the 
BRAFV600E mutation is observed and it has been associated with 
a worse prognosis in patients undergoing surgical treatment 
for CRC liver metastasis. The same was not observed in non-
V600E mutations14. 

In a study of 935 patients, Datta et al. evaluated patients 
with metastatic RCC and showed that co-alteration of oncogenic 
TP53 in association with KRAS, NRAS or BRAF mutations were 
related to worse survival compared to alterations in genes alone7. 

Very similar results were found in another study by 
Kawaguchi et al. in which the possible relationship between the 
somatic gene mutation profile and the outcome was analyzed 
in 507 patients with metastatic RCC who underwent resection 
of liver metastases. Double or triple mutations in RAS, TP53 
and SMAD4 are associated with worse overall survival and 
recurrence-free survival after surgical treatment when compared 
to mutations in only 1 or none of these genes. It is important 
to point out that this was a retrospective study, generating 
hypotheses of possible prognostic factors13. 

CONCLUSION
With the development of treatments in metastatic disease 

and the use of targeted therapies and their biomarkers, it 
was possible to evaluate them within clinical studies both in 
the primary tumor and in the correspondence of metastases. 
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And these mutational status concordances data for KRAS, NRAS, 
BRAF and PIK3CA have been evaluated in multiple clinical 
studies in over 3500 patients as described above. 

As an example of the importance of analyzing the molecular 
profile of metastatic disease is the use of EGFR inhibitors, which 
are effective in a subset of wild-type allRAS RCC. However, it 
is known that after an initial response, resistance mechanisms 
may occur, evolving to disease progression. It was through 
molecular analyzes in clinical studies that the acquisition of 
secondary KRAS mutations was most frequently identified; 
mainly through analysis of circulating tumor DNA. In fact, in the 
future, the use of circulating tumor DNA will be an important 
tool for defining subsequent treatments, given the possibility 
of assessing the resistance profile, with a minimally invasive 
test. We are currently awaiting robust studies and clinical and 
economic applicability.

REFERENCES
1. Bhullar DS, Barriuso J, Mullamitha S, Saunders MP, O’Dwyer ST, 

Aziz O. Biomarker concordance between primary colorectal cancer 
and its metastases. EBioMedicine. 2019;40:363-74. https://doi.
org/10.1016/j.ebiom.2019.01.050 

2. Brannon AR, Vakiani E, Sylvester BE, Scott SN, McDermott G, 
Shah RH, et al. Comparative sequencing analysis reveals high 
genomic concordance between matched primary and metastatic 
colorectal cancer lesions. Genome Biol. 2014;15(8):454. https://
doi.org/10.1186/s13059-014-0454-7  

3. Campos FG, Bustamante-Lopez LA, D’Albuquerque LAC, Ribeiro 
Junior U, Herman P, Martinez CAR. A review to honor the historical 
contributions of Pauline Gross, Aldred Warthin, and Henry Lynch in 
the description and recognition of inheritance in colorectal cancer. 
Arq Bras Cir Dig. 2024;37:e1812. https://doi.org/10.1590/0102-
6720202400019e1812 

4. Cancer Genome Atlas Network. Comprehensive molecular 
characterization of human colon and rectal cancer. Nature. 
2012;487(7407):330-7. https://doi.org/10.1038/nature11252  

5. Caspary WF, Hanisch E, Raedle J, Sahm S, Zeuzem S. Kolorektales 
Karzinom und HNPCC. In: Caspary WF, Stein J, eds. Darmkrankheiten. 
Berlin: Springer Berlin Heidelberg; 1999. p. 545-75. 

6. Chun YS, Passot G, Yamashita S, Nusrat M, Katsonis P, Loree 
JM, et al. Deleterious effect of RAS and evolutionary high-risk 
TP53 double mutation in colorectal liver metastases. Ann Surg. 
2019;269(5):917-23. https://doi.org/10.1097/SLA.0000000000002450 

7. Datta J, Smith JJ, Chatila WK, McAuliffe JC, Kandoth C, Vakiani E, 
et al. Coaltered Ras/B-raf and TP53 is associated with extremes 
of survivorship and distinct patterns of metastasis in patients with 
metastatic colorectal cancer. Clin Cancer Res. 2020;26(5):1077-85. 
https://doi.org/10.1158/1078-0432.CCR-19-2390  

8. Dienstmann R, Salazar R, Tabernero J. Molecular subtypes and 
the evolution of treatment decisions in metastatic colorectal 
cancer. Am Soc Clin Oncol Educ Book. 2018;38:231-8. https://doi.
org/10.1200/EDBK_200929  

9. Fearon ER, Vogelstein B. A genetic model for colorectal tumorigenesis. 
Cell. 1990;61(5):759-67. https://doi.org/10.1016/0092-8674(90)90186-i  

10. Guinney J, Dienstmann R, Wang X, de Reyniès A, Schlicker A, Soneson 
C, et al. The consensus molecular subtypes of colorectal cancer. 
Nat Med. 2015;21(11):1350-6. https://doi.org/10.1038/nm.3967 

11. Jass JR. Classification of colorectal cancer based on correlation of 
clinical, morphological and molecular features. Histopathology. 
2007;50(1):113-30. https://doi.org/10.1111/j.1365-2559.2006.02549.x  

12. Jones S, Chen WD, Parmigiani G, Diehl F, Beerenwinkel N, Antal T, 
et al. Comparative lesion sequencing provides insights into tumor 
evolution. Proc Natl Acad Sci U S A. 2008;105(11):4283-8. https://
doi.org/10.1073/pnas.0712345105 

13. Kawaguchi Y, Kopetz S, Newhook TE, De Bellis M, Chun YS, Tzeng 
CD, et al. Mutation status of RAS, TP53, and SMAD4 is superior to 
mutation status of RAS alone for predicting prognosis after resection 
of colorectal liver metastases. Clin Cancer Res. 2019;25(19):5843-
51. https://doi.org/10.1158/1078-0432.CCR-19-0863 

14. Margonis GA, Buettner S, Andreatos N, Kim Y, Wagner D, Sasaki K, 
et al. Association of BRAF mutations with survival and recurrence in 
surgically treated patients with metastatic colorectal liver cancer. JAMA 
Surg. 2018;153(7):e180996. https://doi.org/10.1001/jamasurg.2018.0996 

15. Müller MF, Ibrahim AEK, Arends MJ. Molecular pathological 
classification of colorectal cancer. Virchows Arch. 2016;469(2):125-
34. https://doi.org/10.1007/s00428-016-1956-3  

16. Parada AA, Venco FE, Varca-Neto MR, El Ibrahim R, Poletti PB, 
Brito HP, et al. Which lesions are at higher risk of developing 
colorectal carcinomas: superficially elevated serrated lesions or 
depressed lesions? Arq Bras Cir Dig. 2023;35:e1716. https://doi.
org/10.1590/0102-672020220002e1716 

17. Santos MO, Lima FCS, Martins LFL, Oliveira JFP, Almeida LM, Cancela 
MC. Estimated cancer incidence in Brazil, 2023-2025. Rev Bras 
Cancerol. 2023;69(1):e213700. https://doi.org10.32635/21769745.
RBC.2023v69n1.3700 

18. Siegel RL, Miller KD, Fuchs HE, Jemal A. Cancer statistics, 2022. CA 
Cancer J Clin. 2022;72(1):7-33. https://doi.org/10.3322/caac.21708 

19. Vakiani E, Janakiraman M, Shen R, Sinha R, Zeng Z, Shia J, et al. 
Comparative genomic analysis of primary versus metastatic 
colorectal carcinomas. J Clin Oncol. 2012;30(24):2956-62. https://
doi.org/10.1200/JCO.2011.38.2994 

20. Walther A, Houlston R, Tomlinson I. Association between chromosomal 
instability and prognosis in colorectal cancer: a meta-analysis. Gut. 
2008;57(7):941-50. https://doi.org/10.1136/gut.2007.135004 

21. Weisenberger DJ, Siegmund KD, Campan M, Young J, Long TI, 
Faasse MA, et al. CpG island methylator phenotype underlies 
sporadic microsatellite instability and is tightly associated with 
BRAF mutation in colorectal cancer. Nat Genet. 2006;38(7):787-93. 
https://doi.org/10.1038/ng1834  

REVIEW ARTICLE

4/4 ABCD Arq Bras Cir Dig 2024;37:e1869

https://doi.org/10.1016/j.ebiom.2019.01.050
https://doi.org/10.1016/j.ebiom.2019.01.050
https://doi.org/10.1186/s13059-014-0454-7
https://doi.org/10.1186/s13059-014-0454-7
https://doi.org/10.1590/0102-6720202400019e1812
https://doi.org/10.1590/0102-6720202400019e1812
https://doi.org/10.1038/nature11252
https://doi.org/10.1097/SLA.0000000000002450
https://doi.org/10.1158/1078-0432.CCR-19-2390
https://doi.org/10.1200/EDBK_200929
https://doi.org/10.1200/EDBK_200929
https://doi.org/10.1016/0092-8674(90)90186-i
https://doi.org/10.1038/nm.3967
https://doi.org/10.1111/j.1365-2559.2006.02549.x
https://doi.org/10.1073/pnas.0712345105
https://doi.org/10.1073/pnas.0712345105
https://doi.org/10.1158/1078-0432.CCR-19-0863
https://doi.org/10.1001/jamasurg.2018.0996
https://doi.org/10.1007/s00428-016-1956-3
https://doi.org/10.1590/0102-672020220002e1716
https://doi.org/10.1590/0102-672020220002e1716
https://doi.org10
https://doi.org/10.3322/caac.21708
https://doi.org/10.1200/JCO.2011.38.2994
https://doi.org/10.1200/JCO.2011.38.2994
https://doi.org/10.1136/gut.2007.135004
https://doi.org/10.1038/ng1834

