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Abstract

Background: Colorectal cancer (CRC) is the third most common and the second deadliest cancer, causing about 10% of cancer

deaths worldwide. Changes in the PIK3CA gene are important for CRC development and treatment response.

Objectives: This study aimed to evaluate mutations in the PIK3CA gene, specifically E542K and E545K, linked to CRC in the

Iranian population.

Methods: This study analyzed 39 CRC tumor samples from Dr. Ganjavian Hospital and Imam Ali Clinic in Dezful. DNA was

extracted using the phenol-chloroform method, followed by amplification refractory mutation system-polymerase chain

reaction (ARMS-PCR) and sequencing to identify mutations.

Results: Thirty-nine patients were examined in this study, comprising 14 women (35.9%) and 25 men (64.1%). The mean age of

the participants was 59.2 years, with a standard deviation of 15.9 years. The findings indicated that 46.1% of the patients

presented with tumors exceeding 4.5 cm in size, whereas 53.9% had tumors that were 4.5 cm or smaller. Lymphoid metastasis

was observed in 55.81% of all patients, with those having tumors larger than 4.5 cm exhibiting a notably higher incidence of this

metastasis. The most frequently encountered tumor grades among the participants were grades 1 and 2. Staging was identified

as follows: 18.42% were classified as stage 1, 50% as stage 2, and 31.58% as stage 3. No E542K or E545K mutations were detected in

any of the 39 CRC patients (0%).

Conclusions: This research suggests no correlation between mutations in the PIK3CA gene and the occurrence of CRC within

the studied population, but a significant correlation was observed between tumor size > 4.5 cm and lymphoid metastasis (P <

0.001). These findings underscore the importance of population-specific genetic profiling in CRC, even in the absence of

expected mutations.
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1. Background

Cancer remains a major cause of mortality in both

industrialized and many developing nations, resulting
in around 10 million fatalities globally (1). Colorectal

cancer (CRC) is the third most common type of cancer

and the second leading cause of cancer-related
mortality, accounting for approximately 10% of all

cancer deaths globally (2). The pathogenesis of CRC is a

multifaceted phenomenon characterized by the

interaction of genetic predispositions and

environmental influences, which complicates both
prevention and therapeutic approaches (3). Although

traditional treatment modalities, including surgery,

radiotherapy, and chemotherapy, have demonstrated

some degree of efficacy (4), they face considerable
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challenges such as recurrence, metastasis, and the

development of drug resistance (5, 6). Furthermore, the

inherent heterogeneity among cancer cells, along with
variations among individual patients, adds another

layer of complexity to the formulation of effective
treatment strategies (7, 8).

Molecular genetics is essential for comprehending

CRC, as emphasized by Piawah and Venook (9). This area

encompasses the examination of genetic variations,

gene mutations, epigenetic modifications, and the

regulation of gene expression, which aids in uncovering

the intricate mechanisms that play a role in the

progression of the disease (10). This type of research is

crucial for the identification of potential pathogenic

genes, driver mutations, and cancer-associated

signaling pathways, thereby offering significant

insights for personalized therapies and the

development of targeted treatments (11). Genomic

investigations have identified several genes associated

with the initiation and progression of CRC, including

PIK3CA, KRAS, APC, SMAD4, and BRAF, with particular

emphasis on the PIK3CA gene (12).

The PIK3CA gene, responsible for encoding the alpha

catalytic subunit of phosphatidylinositol-4,5-

bisphosphate 3-kinase (PI3K), is often modified in

numerous types of cancer. It is situated on the long arm
of human chromosome 3 at the 3q26.32 locus and

produces a catalytic protein known as p110, consisting of

1,068 amino acids and having a molecular weight of

approximately 110 kDa. The PI3K plays a crucial role in

the phosphorylation of phosphatidylinositol-4,5-
bisphosphate to form phosphatidylinositol-3,4,5-

triphosphate. Mutations in the PIK3CA gene are

commonly observed across a diverse array of cancers,

particularly in prevalent types such as breast,

endometrial, and CRCs. The high frequency of these

mutations may offer potential therapeutic strategies,

even for less common cancers that are generally

challenging to treat (13). Mutations in the PIK3CA gene

are significant not only in the progression of CRC but

also in shaping its clinical features, prognosis, and

treatment responses (14, 15). The E542K and E545K

mutations were prioritized due to their high prevalence

in global CRC studies and their established role in PI3K

pathway activation (13).

Alpelisib was initially discovered in 2013 and has

been approved for the treatment of PIK3CA-mutant
breast cancer. It is recognized as the first

pharmacological inhibitor of the p110α subunit to
receive marketing authorization. The widespread

presence of PI3Kα in the body can lead to anticipated

adverse events when it is inhibited. Notably, alpelisib's

interference with insulin signaling may cause glucose

intolerance or diabetes, as shown by dose-dependent

effects observed in breast cancer patients during the
SOLAR study (16, 17).

Emerging inhibitors targeting p110α variants aim to

enhance treatment efficacy for mutant cells while

improving safety. Notably, LOXO-783, an allosteric small-

molecule inhibitor, exhibits high selectivity for the

p.H1047R variant of PI3Kα, demonstrating preclinical

activity without affecting the wild-type PI3Kα in breast

cancer patients (PIKASSO-01, NCT05307705) (18).

Additionally, two chemically distinct pan-mutant PI3Kα
inhibitors, RLY-2608 and RLY-5836, have shown

effectiveness both in vitro and in vivo. They exhibit

favorable safety profiles and robust inhibition of

mutant PI3Kα (19). Currently, both medications are

being evaluated in phase 1 clinical trials for advanced

breast cancer (clinical trials NCT05216432 and

NCT05759949).

Therefore, it is essential to explore the function and

mechanisms of PIK3CA gene mutations in CRC to gain a
deeper insight into the molecular pathology of this

condition. Such research offers essential insights and

direction for early detection, molecular categorization,

risk assessment, targeted treatment, and

immunotherapy approaches for CRC (12).

2. Objectives

This study aimed to evaluate mutations in the PIK3CA

gene, specifically E542K and E545K, linked to CRC in the

Iranian population.

3. Methods

3.1. Ethics Statement

This study is approved under the ethical approval
code of the Committee of Dezful University of Medical

Sciences in Dezful, Iran (code: IR.DUMS.REC.1401.104).

3.2. Patients and Sampling

We identified 39 patients diagnosed with CRC based

on histological evaluations and clinical criteria, as

confirmed by a pathologist. These patients were selected

from referrals to Ganjavian Hospital and Imam Ali Clinic

in Khuzestan province, Iran, between January 2015 and

April 2022. Tumor tissue samples from these patients

were formalin-fixed, paraffin-embedded (FFPE), and

sectioned into 5 - 10 µm slices for DNA extraction. We

employed the phenol-chloroform method for digestion,

followed by ethanol precipitation. Informed consent
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was obtained from all participants in the study or their

family members.

3.3. Genotyping by Amplification Refractory Mutation System
Polymerase Chain Reaction

We selected two specific mutations in the PIK3CA
gene — E542K (G>A) and E545K (G>A) — as potential

hotspot mutations associated with CRC. To detect these

mutations, we employed the BIO-RAD T100™ Thermal
Cycler System using the amplification refractory

mutation system-polymerase chain reaction (ARMS-PCR)
method. The PCR reactions were conducted in a total

volume of 20 µL, which included 10 µL of Taq DNA

Polymerase Master Mix RED, 2 µL of primers, 2 µL of DNA,
and 6 µL of double-distilled water (ddH2O). The

amplification cycle began with an initial denaturation

at 95°C for five minutes. This was followed by 34 cycles

consisting of denaturation at 95°C for 30 seconds,

annealing at 59°C for E542K or 60°C for E545K for 30

seconds, and extension at 72°C for 20 seconds. The final

steps included a single extension cycle at 72°C for five

minutes. The primers utilized in this study are detailed

in Table 1.

3.4. DNA Sequencing

To validate the findings from ARMS-PCR, we

examined the DNA sequencing for the presence of the

hotspot mutations E542K G>A and E545K G>A in a

randomly selected 20% of the samples. Sequencing was

conducted on the ABI 3130XL capillary sequencing
platform provided by Applied Biosystems/Life

Technologies in Carlsbad, CA, USA. The resulting

sequencing data were then analyzed using Chromas

version 2.6.6 software.

3.5. Statistical Methods

Associations were analyzed using Fisher’s exact test

and independent t-tests via SPSS v26.

4. Results

4.1. Epidemiological and Clinicopathologic Results

In this study, we analyzed 39 patients, comprising 14

women (35.9%) and 25 men (64.1%). The average age of

the participants was 59.2 ± 15.9 years. When categorizing

tumor sizes, we found that 46.1% of the patients had

tumors larger than 4.5 cm, while 53.9% had tumors

measuring 4.5 cm or smaller. Lymphoid metastasis was

observed in 55.81% of all patients. The incidence of

lymphoid metastasis did not significantly differ

between women (58.2%) and men (41.8%), with a P-value

of 0.717. However, a direct correlation was identified

between lymphoid metastasis and tumor size; patients

with tumors exceeding 4.5 cm exhibited a notably

higher incidence of lymphoid metastasis (P < 0.001).

According to the disease grading system, grades 1 and

2 were the most common among patients. Although

individuals with grade 3 had a higher average age, this

difference was not statistically significant (P = 0.924).

Additionally, there was no significant correlation

between tumor size and gender (P = 0.979), age (P =

0.116), or disease grade (P = 0.058). In terms of disease

stage, 18.42% of patients were classified as stage 1, 50% as

stage 2, and 31.58% as stage 3. Furthermore, no

significant associations were found between disease

stage and either gender (P = 0.478) or age (P = 0.180).

4.2. Amplification Refractory Mutation System-Polymerase
Chain Reaction and Sequence Analysis Results

This study utilized the ARMS-PCR technique to

analyze mutations. For each mutation at the E542K and

E545K loci, the PCR was performed twice: Initially with

forward and reverse primers targeting the wild-type

allele, and subsequently with forward and reverse

primers for the mutant allele. Sequencing of the PCR

products was carried out after the PCR was completed.

The findings indicated an absence of mutations at the

E542K and E545K loci of the PIK3CA gene in patients

diagnosed with CRC (Figure 1).

5. Discussion

The CRC remains a significant health challenge, and

our research focuses on its association with genetic

mutations, particularly those involving the PIK3CA gene.

As the third most common cancer and a leading cause of

cancer-related deaths worldwide, it is essential to

understand the complexities of CRC. Our analysis of 39

tumor samples collected from patients at Dr. Ganjavian

Hospital and Imam Ali Clinic in Dezful offers valuable

insights into the characteristics of this disease within

our local context. Our sample has an average age of just

over 59, representing a significant portion of the

population at higher risk for CRC. The gender

distribution indicates that men are more frequently

affected, consistent with global trends (20).

Notably, the tumor size data is alarming: More than

46.1% of patients had tumors larger than 4.5 cm. This

raises concerns since larger tumors are often related to

more aggressive forms of the disease and poorer

outcomes. Our results are consistent with the study by

Weixing Dai et al., which demonstrated that tumor size

serves as an independent variable influencing overall

https://brieflands.com/articles/jai-162972
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Table 1. Primers Utilized in this Study

Gene Forward Primers Reverse Primers Product Length (bp)

E542K G>A 5’ ATCATGTGTGAATCCAGAGG 3’ R-Allele G: 5’TTCTCCTGCTCAGTGATTTC3’; R-Allele A: 5’TTCTCCTGCTCAGTGATTTT3’ 173

E545K G>A 5’ATCATGTGTGAATCCAGAGG3’ R-Allele G: 5’TGACAATCTTTCTCCTGCTC3’; R-Allele A: 5’TGACAATCTTTCTCCTGCTT3’ 182

Figure 1. Electropherogram showing wild-type genotypes (GG) at E542K and E545K loci in all samples: The arrow on the left denotes the homozygous GG genotype for the E542K
mutation, while the arrow on the right signifies the homozygous GG genotype for the E545K mutation.

survival (OS) and disease-free survival (DFS) in
individuals diagnosed with colorectal adenocarcinoma

(21). One of the key findings from our research is the
significant occurrence of lymphoid metastasis — more

than half of our patients experienced this complication.

Our research aligns with the findings of Kamilla Maria
Bech Johannesen et al. (22). The link between larger

tumor size and a higher rate of lymphoid metastasis
highlights the importance of early detection and

intervention (23). Our analysis of tumor grades revealed

that most tumors were classified as grades 1 and 2,
consistent with the findings of Ueno et al. (24). While

18.42% of patients were diagnosed at stage 1, the fact that
31.58% were at stage 3 suggests that a significant number

were diagnosed after the cancer had progressed. This

highlights the urgent need for improved screening
practices.

Interestingly, our study found no significant

associations between disease stage and gender or age,

contrasting with some previous reports. For instance,

Gabriel et al. observed a correlation between advanced

age and higher disease stages (25). This discrepancy

could be attributed to our comparatively limited sample
size or other factors specific to the population.

Although PIK3CA mutations play a critical role in CRC,

our study did not find any evidence of mutations at the

E542K and E545K loci in the patients we studied. This

finding was unexpected, especially considering the

existing literature that frequently identifies these

mutations as important contributors to CRC

development (26). The absence of these specific

mutations in our study may indicate that population-

specific genetic variations or environmental factors

contribute to CRC, which merits further investigation.

Although we did not find a direct correlation

between specific PIK3CA mutations and the presence of

CRC in our study, we detected a significant relationship

between tumor size and lymphatic metastasis. This

finding underscores the importance of ongoing

research in this area. Gaining a deeper understanding of

the unique genetic landscape of CRC across different

populations could lead to more targeted therapies and

ultimately improve patient outcomes.

https://brieflands.com/articles/jai-162972
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5.1. Conclusions

This study involving 39 CRC patients found no

mutations at the PIK3CA loci E542K and E545K in the

studied population. The small sample size (n = 39) and

focus on only two hotspot mutations (E542K/E545K) may

limit the generalizability of our findings. Future studies

should include exon 20 (H1047R) and larger multicenter

cohorts. The absence of PIK3CA mutations in this cohort

suggests that anti-EGFR therapies (e.g., cetuximab) may

remain viable options for Iranian CRC patients, as PIK3CA
mutations often confer resistance to these treatments.

However, a significant association was detected between

larger tumor size and an increase in lymphoid

metastasis. These findings underscore the importance

of population-specific genetic profiling in CRC, even in

the absence of expected mutations. Further research

should explore PI3K/AKT/mTOR inhibitors in PIK3CA-

wild-type CRC patients.

Acknowledgements

We would like to thank Ms. Samaneh Abyaz for her

assistance in collecting samples.

Footnotes

Authors' Contribution: M. A: Writing-original draft

and supervision; B. M. A., M. Z., A. M. R., and H. H: Writing-

review, editing, and data curation. All authors read and

approved the final version of the manuscript.

Conflict of Interests Statement: The authors declare

no conflict of interest.

Data Availability: The dataset presented in the study

is available on request from the corresponding author

during submission or after publication.

Ethical Approval: This study is approved under the

ethical approval code of the Committee of Dezful

University of Medical Sciences in Dezful, Iran (code:

IR.DUMS.REC.1401.104 ).

Funding/Support: Financial support was provided by

the Vice Chancellor of Research of Dezful University of

Medical Sciences by grant number: MED-401076-1401.

Informed Consent: The informed consent form was

completed by patients or their families.

References

1. Sung H, Ferlay J, Siegel RL, Laversanne M, Soerjomataram I, Jemal A, et

al. Global Cancer Statistics 2020: GLOBOCAN Estimates of Incidence

and Mortality Worldwide for 36 Cancers in 185 Countries. CA Cancer J

Clin. 2021;71(3):209-49. [PubMed ID: 33538338].

https://doi.org/10.3322/caac.21660.

2. Hall DCN, Benndorf RA. Aspirin sensitivity of PIK3CA-mutated

Colorectal Cancer: potential mechanisms revisited. Cell Mol Life Sci.

2022;79(7):393. [PubMed ID: 35780223]. [PubMed Central ID:

PMC9250486]. https://doi.org/10.1007/s00018-022-04430-y.

3. Yan X, Cheng Y, Zhang X, Hu Y, Huang H, Ren J, et al. NICD3 regulates

the expression of MUC5AC and MUC2 by recruiting SMARCA4 and is

involved in the differentiation of mucinous colorectal

adenocarcinoma. Mol Oncol. 2022;16(19):3509-32. [PubMed ID:

35900231]. [PubMed Central ID: PMC9533685].

https://doi.org/10.1002/1878-0261.13296.

4. Gustavsson B, Carlsson G, Machover D, Petrelli N, Roth A, Schmoll HJ,

et al. A review of the evolution of systemic chemotherapy in the

management of colorectal cancer. Clin Colorectal Cancer. 2015;14(1):1-

10. [PubMed ID: 25579803]. https://doi.org/10.1016/j.clcc.2014.11.002.

5. Gupta R, Bhatt LK, Johnston TP, Prabhavalkar KS. Colon cancer stem

cells: Potential target for the treatment of colorectal cancer. Cancer

Biol Ther. 2019;20(8):1068-82. [PubMed ID: 31050577]. [PubMed Central

ID: PMC6606008]. https://doi.org/10.1080/15384047.2019.1599660.

6. Zhou Y, Xia L, Wang H, Oyang L, Su M, Liu Q, et al. Cancer stem cells in

progression of colorectal cancer. Oncotarget. 2018;9(70):33403-15.

[PubMed ID: 30279970]. [PubMed Central ID: PMC6161799].

https://doi.org/10.18632/oncotarget.23607.

7. Amirouchene-Angelozzi N, Swanton C, Bardelli A. Tumor Evolution as

a Therapeutic Target. Cancer Discov. 2017. [PubMed ID: 28729406].

https://doi.org/10.1158/2159-8290.CD-17-0343.

8. Naxerova K, Reiter JG, Brachtel E, Lennerz JK, van de Wetering M,

Rowan A, et al. Origins of lymphatic and distant metastases in

human colorectal cancer. Science. 2017;357(6346):55-60. [PubMed ID:

28684519]. [PubMed Central ID: PMC5536201].

https://doi.org/10.1126/science.aai8515.

9. Piawah S, Venook AP. Targeted therapy for colorectal cancer

metastases: A review of current methods of molecularly targeted

therapy and the use of tumor biomarkers in the treatment of

metastatic colorectal cancer. Cancer. 2019;125(23):4139-47. [PubMed

ID: 31433498]. https://doi.org/10.1002/cncr.32163.

10. Budinska E, Hrivnakova M, Ivkovic TC, Madrzyk M, Nenutil R,

Bencsikova B, et al. Molecular portraits of colorectal cancer

morphological regions. Elife. 2023;12. [PubMed ID: 37956043].

[PubMed Central ID: PMC10642970].

https://doi.org/10.7554/eLife.86655.

11. Ciardiello F, Ciardiello D, Martini G, Napolitano S, Tabernero J,

Cervantes A. Clinical management of metastatic colorectal cancer in

the era of precision medicine. CA Cancer J Clin. 2022;72(4):372-401.

[PubMed ID: 35472088]. https://doi.org/10.3322/caac.21728.

12. Wang H, Tang R, Jiang L, Jia Y. The role of PIK3CA gene mutations in

colorectal cancer and the selection of treatment strategies. Front

Pharmacol. 2024;15:1494802. [PubMed ID: 39555098]. [PubMed

Central ID: PMC11565213]. https://doi.org/10.3389/fphar.2024.1494802.

13. Voutsadakis IA. The Landscape of PIK3CA Mutations in Colorectal

Cancer. Clin Colorectal Cancer. 2021;20(3):201-15. [PubMed ID:

33744168]. https://doi.org/10.1016/j.clcc.2021.02.003.

14. Voutsadakis IA. Cell line models for drug discovery in PIK3CA-

mutated colorectal cancers. Med Oncol. 2022;39(5):89. [PubMed ID:

35568775]. https://doi.org/10.1007/s12032-022-01695-y.

15. Heczko L, Hlavac V, Holy P, Dvorak P, Liska V, Vycital O, et al.

Prognostic potential of whole exome sequencing in the clinical

management of metachronous colorectal cancer liver metastases.

https://brieflands.com/articles/jai-162972
https://ethics.research.ac.ir/ProposalCertificateEn.php?id=323756
http://www.ncbi.nlm.nih.gov/pubmed/33538338
https://doi.org/10.3322/caac.21660
http://www.ncbi.nlm.nih.gov/pubmed/35780223
https://www.ncbi.nlm.nih.gov/pmc/PMC9250486
https://doi.org/10.1007/s00018-022-04430-y
http://www.ncbi.nlm.nih.gov/pubmed/35900231
https://www.ncbi.nlm.nih.gov/pmc/PMC9533685
https://doi.org/10.1002/1878-0261.13296
http://www.ncbi.nlm.nih.gov/pubmed/25579803
https://doi.org/10.1016/j.clcc.2014.11.002
http://www.ncbi.nlm.nih.gov/pubmed/31050577
https://www.ncbi.nlm.nih.gov/pmc/PMC6606008
https://doi.org/10.1080/15384047.2019.1599660
http://www.ncbi.nlm.nih.gov/pubmed/30279970
https://www.ncbi.nlm.nih.gov/pmc/PMC6161799
https://doi.org/10.18632/oncotarget.23607
http://www.ncbi.nlm.nih.gov/pubmed/28729406
https://doi.org/10.1158/2159-8290.CD-17-0343
http://www.ncbi.nlm.nih.gov/pubmed/28684519
https://www.ncbi.nlm.nih.gov/pmc/PMC5536201
https://doi.org/10.1126/science.aai8515
http://www.ncbi.nlm.nih.gov/pubmed/31433498
https://doi.org/10.1002/cncr.32163
http://www.ncbi.nlm.nih.gov/pubmed/37956043
https://www.ncbi.nlm.nih.gov/pmc/PMC10642970
https://doi.org/10.7554/eLife.86655
http://www.ncbi.nlm.nih.gov/pubmed/35472088
https://doi.org/10.3322/caac.21728
http://www.ncbi.nlm.nih.gov/pubmed/39555098
https://www.ncbi.nlm.nih.gov/pmc/PMC11565213
https://doi.org/10.3389/fphar.2024.1494802
http://www.ncbi.nlm.nih.gov/pubmed/33744168
https://doi.org/10.1016/j.clcc.2021.02.003
http://www.ncbi.nlm.nih.gov/pubmed/35568775
https://doi.org/10.1007/s12032-022-01695-y


Behmanesh MA et al. Brieflands

6 J Adv Immunopharmacol. 2024; 4(4): e162972

Cancer Cell Int. 2023;23(1):295. [PubMed ID: 38008721]. [PubMed

Central ID: PMC10676609]. https://doi.org/10.1186/s12935-023-03135-x.

16. Andre F, Ciruelos E, Rubovszky G, Campone M, Loibl S, Rugo HS, et al.

Alpelisib for PIK3CA-Mutated, Hormone Receptor-Positive Advanced

Breast Cancer. N Engl J Med. 2019;380(20):1929-40. [PubMed ID:

31091374]. https://doi.org/10.1056/NEJMoa1813904.

17. Morin GM, Zerbib L, Kaltenbach S, Fraissenon A, Balducci E, Asnafi V,

et al. PIK3CA-Related Disorders: From Disease Mechanism to

Evidence-Based Treatments. Annu Rev Genomics Hum Genet.

2024;25(1):211-37. [PubMed ID: 38316164].

https://doi.org/10.1146/annurev-genom-121222-114518.

18. Klippel A, Wang R, Puca L, Faber AL, Shen W, Bhagwat SV, et al.

Abstract P142: Preclinical characterization of LOX-22783, a highly

potent, mutant-selective and brain-penetrant allosteric PI3Kα
H1047R inhibitor. Molecular Cancer Therapeut.

2021;20(12_Supplement):P142. https://doi.org/10.1158/1535-7163.Targ-21-

p142.

19. Varkaris A, Jhaveri K, Perez CA, Kim JS, Henry JT, Subbiah V, et al.

Abstract CT017: Pan-mutant and isoform selective PI3Kα inhibitor,

RLY-2608, demonstrates selective targeting in a first-in-human study

of PIK3CA-mutant solid tumor patients, ReDiscover trial. Cancer Res.

2023;83(8_Supplement):CT017. https://doi.org/10.1158/1538-

7445.Am2023-ct017.

20. Choi Y, Kim N. Sex Difference of Colon Adenoma Pathway and

Colorectal Carcinogenesis. World J Mens Health. 2024;42(2):256-82.

[PubMed ID: 37652658]. [PubMed Central ID: PMC10949019].

https://doi.org/10.5534/wjmh.230085.

21. Dai W, Li Y, Meng X, Cai S, Li Q, Cai G. Does tumor size have its

prognostic role in colorectal cancer? Re-evaluating its value in

colorectal adenocarcinoma with different macroscopic growth

pattern. Int J Surg. 2017;45:105-12. [PubMed ID: 28760707].

https://doi.org/10.1016/j.ijsu.2017.07.100.

22. Johannesen KMB, Fiehn AK, Eiholm S. The topographical distribution

of lymph node metastases in colon cancer resections. Ann Diagn

Pathol. 2023;67:152205. [PubMed ID: 37647771].

https://doi.org/10.1016/j.anndiagpath.2023.152205.

23. Gao Z, Cao H, Xu X, Wang Q, Wu Y, Lu Q. Prognostic value of

lymphovascular invasion in stage II colorectal cancer patients with

an inadequate examination of lymph nodes. World J Surg Oncol.

2021;19(1):125. [PubMed ID: 33866973]. [PubMed Central ID:

PMC8054379]. https://doi.org/10.1186/s12957-021-02224-3.

24. Ueno H, Hase K, Hashiguchi Y, Shimazaki H, Tanaka M, Miyake O, et al.

Site-specific tumor grading system in colorectal cancer: multicenter

pathologic review of the value of quantifying poorly differentiated

clusters. Am J Surg Pathol. 2014;38(2):197-204. [PubMed ID: 24418853].

https://doi.org/10.1097/PAS.0000000000000113.

25. Gabriel E, Attwood K, Al-Sukhni E, Erwin D, Boland P, Nurkin S. Age-

related rates of colorectal cancer and the factors associated with

overall survival. J Gastrointest Oncol. 2018;9(1):96-110. [PubMed ID:

29564176]. [PubMed Central ID: PMC5848036].

https://doi.org/10.21037/jgo.2017.11.13.

26. Luo Q, Chen D, Fan X, Fu X, Ma T, Chen D. KRAS and PIK3CA bi-

mutations predict a poor prognosis in colorectal cancer patients: A

single-site report. Transl Oncol. 2020;13(12):100874. [PubMed ID:

32947236]. [PubMed Central ID: PMC7502368].

https://doi.org/10.1016/j.tranon.2020.100874.

https://brieflands.com/articles/jai-162972
http://www.ncbi.nlm.nih.gov/pubmed/38008721
https://www.ncbi.nlm.nih.gov/pmc/PMC10676609
https://doi.org/10.1186/s12935-023-03135-x
http://www.ncbi.nlm.nih.gov/pubmed/31091374
https://doi.org/10.1056/NEJMoa1813904
http://www.ncbi.nlm.nih.gov/pubmed/38316164
https://doi.org/10.1146/annurev-genom-121222-114518
https://doi.org/10.1158/1535-7163.Targ-21-p142
https://doi.org/10.1158/1535-7163.Targ-21-p142
https://doi.org/10.1158/1538-7445.Am2023-ct017
https://doi.org/10.1158/1538-7445.Am2023-ct017
http://www.ncbi.nlm.nih.gov/pubmed/37652658
https://www.ncbi.nlm.nih.gov/pmc/PMC10949019
https://doi.org/10.5534/wjmh.230085
http://www.ncbi.nlm.nih.gov/pubmed/28760707
https://doi.org/10.1016/j.ijsu.2017.07.100
http://www.ncbi.nlm.nih.gov/pubmed/37647771
https://doi.org/10.1016/j.anndiagpath.2023.152205
http://www.ncbi.nlm.nih.gov/pubmed/33866973
https://www.ncbi.nlm.nih.gov/pmc/PMC8054379
https://doi.org/10.1186/s12957-021-02224-3
http://www.ncbi.nlm.nih.gov/pubmed/24418853
https://doi.org/10.1097/PAS.0000000000000113
http://www.ncbi.nlm.nih.gov/pubmed/29564176
https://www.ncbi.nlm.nih.gov/pmc/PMC5848036
https://doi.org/10.21037/jgo.2017.11.13
http://www.ncbi.nlm.nih.gov/pubmed/32947236
https://www.ncbi.nlm.nih.gov/pmc/PMC7502368
https://doi.org/10.1016/j.tranon.2020.100874

