
 
 

UNIVERSITI PUTRA MALAYSIA 
 
 
 
 
 
 

PROGNOSTIC VALUE OF PD-1, PD-L1, TYMS AND DCC IN 
COLORECTAL CARCINOMA AND ASSOCIATION WITH OVERALL AND 

DISEASE-FREE SURVIVAL 
 
 
 
 
 
 
 
 
 
 
 
 

EBENYI EMEKA ONWE 
 
 
 
 
 
 
 
 

 
 

FPSK(m) 2020 11 



© C
OPYRIG

HT U
PM

1 

PROGNOSTIC VALUE OF PD-1, PD-L1, TYMS AND DCC IN COLORECTAL 

CARCINOMA AND ASSOCIATION WITH OVERALL AND DISEASE-FREE

SURVIVAL 

By 

EBENYI EMEKA ONWE 

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, in 

Fulfilment of the Requirements for the Degree of  Master of Science 

October 2019 



© C
OPYRIG

HT U
PM

 

2 

COPYRIGHT 

 

 

All material contained within the thesis, including without limitation text, logos, icons, 

photographs, and all other artwork, is copyright material of Universiti Putra Malaysia 

unless otherwise stated. Use may be made of any material contained within the thesis for 

non-commercial purposes from the copyright holder. Commercial use of material may 

only be made with the express, prior, written permission of Universiti Putra Malaysia. 

 

 

Copyright © Universiti Putra Malaysia  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



© C
OPYRIG

HT U
PM

3 

DEDICATION 

I dedicate this research work to God Almighty 

 



© C
OPYRIG

HT U
PM

i 
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the requirement for the degree of Master of Science  

PROGNOSTIC VALUE OF PD-1, PD-L1, TYMS AND DCC IN COLORECTAL 
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SURVIVAL 

By 

EBENYI EMEKA ONWE 

October 2019 

Chairman :   Associate Professor Norhafizah Mohtarrudin, PhD 

Faculty :   Medicine and Health Science 

Some biomarkers in CRC are useful for stratifying patients more appropriately for 

adjuvant treatment and could be used to evaluate patients overall outcome, to monitor 

chances of recurrence after standard treatment. Co-expression of programmed cell death-

1 (PD-1), programmed cell death- ligand 1 (PD-L1), thymidylate synthase (TYMS), and 

deleted in colorectal carcinoma (DCC) biomarkers are not widely studied in CRC 

simultaneously. This study aimed to evaluate PD-1, PD-L1, TYMS, and DCC 

expression in tissue blocks collected from CRC patients who attend Hospital Serdang, 

Selangor Malaysia. Ninety one formalin fixed paraffin embedded (FFPE) archival 

tumour samples from patients who underwent surgical resection, were assessed using 

mmunohistochemical (IHC) method. There was high expression of DCC detected in 

84.6% (77/91) in most cases. TYMS expression at high level was 46.2% (42/91) and low 

level was 53.8% (49/91) respectively. Majority of cases showed low PD-L1 expression 

in 93.4% (86/91) and high expression was detected in 6.6% (6/94) of cases. PD-1 

expression was low in all cases. There was a significant association between TYMS 

expression with gender (P < 0.05) with distribution of TYMS expression at high level 

was 76.2% in male and 23.8% in female. The Kaplan-Meier survival plot showed that 

overall survival (OS) mean was 94 months and disease free survival (DFS) mean was 

110 months. A Log rank test showed there was no statistical significance between PD-

L1, TYMS and DCC with OS and DSF patients.  In conclusion, the results from this 

study suggest that PD-L1, TYMS and DCC expression could be used as biomarkers to 

predict treatment outcome in CRC, PD-L1 overexpression predict patients who could 

benefit from anti-PD-1 and anti-P D-L1 immunotherapy, TYMS low expression predict 

patients who could benefit from 5-fluorouracil therapy and DCC high expression 

tumours predicts a better prognosis and overall survival than DCC low expression in 

advanced CRC. 
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Abstrak tesis yang dikemukakan kepada Senat Universiti Putra Malaysia sebagai 

memenuhi keperluan untuk ijazah Master Sains 

NILAI PROGNOSTIK OF PD-1, PD-L1, TYMS DAN DCC DALAM 

KARSINOMA KOLOREKTAL DAN ASOSIASI DENGAN KESELURUHAN 

SURVIVAL DAN PENYAKIT PERCUMA SURVIVAL 

Oleh 

EBENYI EMEKA ONWE 

Oktober 2019 

Pengerusi :   Profesor Madya Norhafizah Mohtarrudin, PhD 

Fakulti :   Perubatan dan Sains Kesihatan 

Sesetengah biomarker di CRC berguna untuk menstratkan pesakit lebih sesuai untuk 

rawatan pesakit dan boleh digunakan untuk menilai pesakit keseluruhan hasil, untuk 

memantau peluang berulang selepas rawatan standard. Programmed cell death-1 (PD-

1), programmed cell death-ligand 1 (PD-L1), thymidylate synthase (TYMS) dan deleted 

in colorectal carcinoma (DCC) tidak dikaji secara meluas dalam CRC secara serentak. 

Kajian ini bertujuan untuk menilai ekspresi PD-1, PD-L1, TYMS, dan DCC dalam blok 

tisu yang dikumpulkan dari pesakit CRC yang hadir Hospital Serdang, Selangor 

Malaysia. Sembilan puluh satu formalin yang telah ditetapkan parafin terbenam (FFPE) 

sampel tumor arkib dari pesakit yang menjalani reseksi pembedahan, telah dinilai 

menggunakan kaedah mmunohistokimia (IHC). Terdapat ungkapan tinggi DCC yang 

dikesan dalam 84.6% (77/91) dalam kebanyakan kes. Ekspresi TYMS pada tahap tinggi 

adalah 46.2% (42/91) dan tahap rendah masing-masing 53.8% (49/91). Majoriti kes 

menunjukkan ungkapan PD-L1 yang rendah dalam 93.4% (86/91) dan ungkapan tinggi 

dikesan dalam 6.6% (6/94) kes. Ungkapan PD-1 rendah dalam semua kes. Terdapat 

persamaan yang signifikan antara ekspresi TYMS dengan jantina (P <0.05) dengan 

pengedaran ekspresi TYMS pada tahap tinggi adalah 76.2% pada lelaki dan 23.8% pada 

wanita. Plot kelok jangka hayat Kaplan-Meier menunjukkan bahawa keseluruhan hidup 

(OS) bermakna 94 bulan dan bermakna kelok jangka hayat penyakit (DFS) adalah 110 

bulan. Ujian pangkat Log menunjukkan tiada statistik statistik antara PD-L1, TYMS dan 

DCC dengan pesakit OS dan DSF. Kesimpulannya, hasil dari kajian ini menunjukkan 

bahawa PD-L1, TYMS dan DCC boleh digunakan sebagai biomarker untuk meramalkan 

hasil rawatan dalam CRC, PD-L1 ekspresi tinggi meramalkan pesakit yang boleh 

mendapat manfaat daripada anti-PD-1 dan anti-PD-L1 imunoterapi, ekspresi rendah 

TYMS meramalkan pesakit yang boleh mendapat manfaat daripada terapi 5-fluorouracil 

dan tumor tinggi DCC meramalkan prognosis yang lebih baik dan kelok jangka hayat 

keseluruhan daripada tumor DCC-negatif dalam CRC maju. 
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1 

CHAPTER 1 

1 INTRODUCTION 

1.1 Background of the Study 

According to World Health Organization (WHO), colorectal carcinoma (CRC) is 

defined as a malignancy of epithelial origin in the large bowel. The carcinoma for 

tumours of the colon and rectum can be considered adenocarcinoma by the invasion of 

malignant glands through muscularis mucosae and beyond (C. C. Compton & Greene, 

2009). CRC prevalence is one of the most serious health burdens in developing and 

developed countries of the world. The incidence and mortality of CRC has been a rapid 

rise in this episode in many Asia countries during the few decades including Malaysia. 

In Malaysia, CRC is the second most common cancer, which occurs higher in male than 

females (Wen et al., 2012). Despite its management, many CRC patients present at a late 

stage with poor prognosis (Rashid et al., 2009). The following biomarkers of interest 

were immunohistochemically assessed, they include; programmed cell death 1(PD-1), 

programmed cell death ligand-1 (PD-L1), thymidylate synthase (TYMS), and deleted 

in colorectal carcinoma (DCC).  

PD-1 is an immune checkpoint receptor and one of the most important inhibitory co-

receptors expressed by T cells (Kawasaki et al., 2007, Keir, Butte, Freeman, & Sharpe, 

2008). The major work of PD-1 is to inhibit effector T-cell activity and enhance the 

function and development of regulatory T-cells, which inhibit T-cell responses and 

prevent overstimulation of immune responses in peripheral tissues (Ritprajak & Azuma, 

2015). However, inhibition of PD-1 promotes cancer growth by direct recognition of 

PD-L1 in tumour cells which inhibits its T-cells function (Carter et al., 2002, Collins et 

al., 2002). Futhermore, upregulation of PD-L1 allows cancer cells to evade the immune 

system undetected. The overexpression of PD-L1 predicts response rate and overall 

survival (Pardoll, 2012).  

TYMS is an enzyme that is involved in DNA synthesis and repair; and clinically 

significant because of its target for chemotherapy (Salonga et al., 2000). TYMS as an 

oncogene plays a novel role as an essential DNA synthesis enzyme (Rahman et al., 

2004) and impaired TYMS enzyme is associated with chromosome damage  and 

fragile site induction which promotes carcinogenesis. TYMS inhibitors have been used 

clinically and experimentally to inhibit TYMS (Hammond, Swaika, & Mody, 2016). 

DCC is a tumour suppressor gene and has potential as an independent prognostic 

biomarker for CRC. The expression of DCC in CRC was a strong positive predictive 

factor for survival in both stage II and stage III (Ruppert et al., 2006). Evaluation of DCC 

in CRC identifies patients with stage II who could benefit from adjuvant therapy. 

Although, some investigations on these biomarkers expression have not been clearly 

identified in CRC. Therefore, the aim of this study is to evaluate PD-1, PD-L1, TYMS, 

and DCC expression in CRC. 
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1.2 Statement of the Problem 

The burden of CRC is expected to increase by 60% to more than 2.2 million new cases 

and 1.1 million deaths by 2030, worldwide (Arnold et al., 2017). There is an increasing 

trend in CRC incidence globally and there has been a rapid rise in its incidence in many 

Asia countries during the past few decades including in Malaysia. Moreover, there are 

some controversial issues in selecting prognostic and predictive biomarkers for patient 

care. Researches have shown that PD-1, PD-L1, TYMS and DCC biomarkers have 

prognostic and therapeutic potential in CRC. However, these four biomarkers expression 

in CRC have shown some prognostic and predictive discrepancies with 

clinocopathologic and prognostic survival among CRC cases. 

Therefore, this research will address the research question, what is the correlation of the 

PD-1, PD-L1, TYMS, and DCC expression with the overall survival (OS) and disease 

free survival (DSF) among CRC cases. 

1.3 Objective of the Study 

1.3.1 General Objective 

The main objective of this study is to evaluate the PD-1, PD-L1, TYMS, and DCC 

expression and prognostic survival in CRC. 

1.3.2 Specific Objectives 

i.  To determine the expression of PD-1, PD-L1, TYMS, and DCC in CRC using 

immunohistochemical stains. 

ii.   To compare the relationship between the four biomarkers. 

iii. To determine the association between the expression of PD-1, PD-L1, TYMS, 

and DCC with the clinicopathologic (grade, stage, tumour sites) and 

demographic (age, gender, race) parameters of CRC patients. 

iv. To correlate the expression of PD-I, PD-L1, TYMS and DCC with Overall 

Survival (OS) and Disease-Free Survival (DFS) among CRC cases. 

 

 

1.4 Study Hypothesis 

i. PD-1, PD-L1, TYMS, and DCC are overexpressed in CRC cases.  

ii. PD-1, PD-L1, TYMS and DCC expression showed significant association with 

each other. 

iii. PD-1, PD-L1, TYMS and DCC are associated with age, gender, race and 

clinicopathologic parameters. 
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iv.  PD-I, PD-L1, TYMS and DCC expression showed significant correlation with 

Overall Survival (OS) and Disease-Free Survival (DFS). 

 

 

1.5 Justification of the Study 

CRC is most common among men and the second most common among women in 

Malaysia at a prevalent rate of 13.2 percent, as reported in the Malaysian National 

Cancer Registry Report (2007 – 2011). The figures also revealed that the mortality rate 

for males was 1.42 times higher as compared to females. Statistics showed that the 

prevalence of CRC is highest among the Chinese, followed by Malays and Indians. 

Moreover, genetics, alcoholic consumption, lack of exercise and smoking are the 

contributing risk factors to CRC prevalence. Although, so many works have been done 

on the epidemiological survey and public awareness on how to reduce the menace of 

CRC in Malaysia, yet there is a paucity of reports on the prognostic and diagnostic 

biomarkers to measure the progress of the disease in patients. Therefore, the expression 

levels of TYMS, DCC, PD-1 and PD-L1 biomarkers will open a frontier for researchers 

and pathologist on the characterization of CRC stages, progression, and a novel option 

for treatment.  

1.6 Significance of the Study 

i. Findings from this study have the potential as baseline information for eliciting 

an immune response in CRC patients using prognostic biomarkers.  

ii. Data generated from this study will identify gaps in the molecular target in 

CRC, which will be able to comprehend the barriers that stifle the progress 

towards creating successful immunotherapy/chemotherapy for CRC, since few 

studies have looked into these barriers in the local population in Malaysia. 

iii. Data generated from this study will boost the literature for further researches. 

iv. This study will complement the use of other investigative approaches in 

identifying suitable CRC patients for directed therapy and determine the 

prognosis of the patients. 
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1.7 Framework of the Study 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1.1 : Conceptual framework of the study 

 

 

 

 

 

 

 

CRC Biomarkers Expression 

  

Retrive archive CRC tissue from 

pathology unit, Hospital 

SerdangMalaysia 

  

Simple random sampling and 

retrospective selection  

  

  Data Analysis 

 Data Analysis 

Hematoxylin 

staining 

  

 IHC staining Laboratory Analysis 

  

Evaluation/slide scoring 

  

  Interpretations and report of results 

  

Correlation of patients clinipathologic 

parameters with OS, and DSF 

  



© C
OPYRIG

HT U
PM

 

62 

7 REFERENCES 

Aadland, E., Fagerhol, M. K., E., A., & M.K., F. (2002). Faecal calprotectin: A marker 

of inflammation throughout the intestinal tract. European Journal of 

Gastroenterology and Hepatology, 14(8), 823–825. Retrieved from 

http://www.embase.com/search/results?subaction=viewrecord&from=export

&id=L34913578%5Cnhttp://dx.doi.org/10.1097/00042737-200208000-

00002%5Cnhttp://sfx.library.uu.nl/utrecht?sid=EMBASE&issn=0954691X&i

d=doi:10.1097%2F00042737-200208000-00002&atitle=Faecal+c 

Abdollahi, E., Momtazi, A. A., Johnston, T. P., & Sahebkar, A. (2018). Therapeutic 

effects of curcumin in inflammatory and immune-mediated diseases: A nature-

made jack-of-all-trades? Journal of Cellular Physiology, 233(2), 830–848. 

https://doi.org/10.1002/jcp.25778 

Alexander, J., Watanabe, T., Wu, T. T., Rashid, A., Li, S., & Hamilton, S. R. (2001). 

Histopathological identification of colon cancer with microsatellite instability. 

American Journal of Pathology, 158(2), 527–535. 

https://doi.org/10.1016/S0002-9440(10)63994-6 

Arakawa, H. (2004). Netrin-1 and its receptors in tumorigenesis. Nature Reviews 

Cancer, 4, 978. Retrieved from https://doi.org/10.1038/nrc1504 

Arnold, M., Sierra, M. S., Laversanne, M., Soerjomataram, I., Jemal, A., & Bray, F. 

(2017). Global patterns and trends in colorectal cancer incidence and mortality. 

Gut, 66(4), 683–691. https://doi.org/10.1136/gutjnl-2015-310912 

Bamias, A. T., Bai, M. C., Agnantis, N. J., Michael, M. C., Alamanos, Y. P., Stefanaki, 

S. V, … Pavlidis, N. A. (2003). Prognostic Significance of the Deleted in 

Colorectal Cancer Gene Protein Expression in High-Risk Resected Gastric 

Carcinoma. Cancer Investigation, 21(3), 333–340. 

https://doi.org/10.1081/CNV-120018219 

Batistatou, A., Charalabopoulos, A., & Charalabopoulos, K. (2010). Molecular basis of 

colorectal cancer. The New England Journal of Medicine, 362(13), 1246; 

author reply 1246-7. https://doi.org/10.1056/NEJMra0804588.Molecular 

Behrens, J. (2005). The role of the Wnt signalling pathway in colorectal tumorigenesis: 

Figure 1. Biochemical Society Transactions, 33(4), 672–675. 

https://doi.org/10.1042/bst0330672 

Berntsson, J., Eberhard, J., Nodin, B., Leandersson, K., Larsson, A. H., & Jirström, K. 

(2018). Expression of programmed cell death protein 1 (PD-1) and its ligand 

PD-L1 in colorectal cancer: Relationship with sidedness and prognosis. 

OncoImmunology, 7(8), 1–16. 

https://doi.org/10.1080/2162402X.2018.1465165 

 



© C
OPYRIG

HT U
PM

 

63 

Bhat, S. K., & East, J. E. (2015). Colorectal cancer : prevention and early diagnosis. 

Medicine, 43(6), 295–298. https://doi.org/10.1016/j.mpmed.2015.03.009 

Blank, C., Gajewski, Æ. T. F., & Tumor, P. Æ. T. Æ. (2005). Interaction of PD-L1 on 

tumor cells with PD-1 on tumor-specific T cells as a mechanism of immune 

evasion : implications for tumor immunotherapy. Cancer Immunology, 1, 307–

314. https://doi.org/10.1007/s00262-004-0593-x 

Bretthauer, M. (2010). Best Practice & Research Clinical Gastroenterology Evidence for 

colorectal cancer screening. Best Practice & Research Clinical 

Gastroenterology, 24(4), 417–425. https://doi.org/10.1016/j.bpg.2010.06.005 

Brown, J. A., Dorfman, D. M., Ma, F., Sullivan, E. L., Munoz, O., Wood, C. R., … 

Freeman, G. J. (2019). Blockade of Programmed Death-1 Ligands on Dendritic 

Cells Enhances T Cell Activation and Cytokine Production. The Journal of 

Immunology. https://doi.org/10.4049/jimmunol.170.3.1257 

Brown, T. C. R., Cells, C. D. T., Blank, C., Brown, I., Peterson, A. C., Spiotto, M., … 

Gajewski, T. F. (2004). PD-L1 / B7H-1 Inhibits the Effector Phase of Tumor 

Rejection by T Cell Receptor (TCR) Transgenic CD8+ T Cells. Cancer 

Research, 64(February), 1140–1145. 

Butte, M. J., Keir, M. E., Phamduy, T. B., Sharpe, A. H., & Freeman, G. J. (2007). 

Programmed Death-1 Ligand 1 Interacts Specifically with the B7-1 

Costimulatory Molecule to Inhibit T Cell Responses. Immunity, 27(1), 111–

122. https://doi.org/10.1016/j.immuni.2007.05.016 

Carter, L. L., Fouser, L. A., Jussif, J., Fitz, L., Deng, B., Wood, C. R., … Carreno, B. M. 

(2002). PD-1:PD-L inhibitory pathway affects both CD4+ and CD8+ T cells 

and is overcome by IL-2. European Journal of Immunology, 32(3), 634–643. 

https://doi.org/10.1002/1521-4141(200203)32:3<634::AID-

IMMU634>3.0.CO;2-9 

  Chih-yang, H., Shu-fen, C., Tao-wei, K., Tsung-wei, C., & You, Y. (2018). Clinical 

significance of programmed infiltration in stage II – III colorectal cancer, 

(October), 1–10. https://doi.org/10.1038/s41598-018-33927-5 

Chiu, H. M., Chang, L. C., Hsu, W. F., Chou, C. K., & Wu, M. S. (2015). Non-invasive 

screening for colorectal cancer in Asia. Best Practice and Research: Clinical 

Gastroenterology, 29(6), 953–965. https://doi.org/10.1016/j.bpg.2015.09.015 

Collins, M., Byrne, M. C., Bowman, M. R., Fitz, L. J., Nishimura, H., Freeman, G. J., 

… Iwai, Y. (2002). Engagement of the Pd-1 Immunoinhibitory Receptor by a 

Novel B7 Family Member Leads to Negative Regulation of Lymphocyte 

Activation. The Journal of Experimental Medicine, 192(7), 1027–1034. 

https://doi.org/10.1084/jem.192.7.1027 

Compton, C. C., & Greene, F. L. (2009). The Staging of Colorectal Cancer: 2004 and 

Beyond. CA: A Cancer Journal for Clinicians, 54(6), 295–308. 



© C
OPYRIG

HT U
PM

 

64 

https://doi.org/10.3322/canjclin.54.6.295 

Compton, Carolyn C. (1999). Pathology report in colon cancer: What is prognostically 

important? Digestive Diseases, 17(2), 67–79. 

https://doi.org/10.1159/000016908 

Darb-Esfahani, S., Kunze, C. A., Kulbe, H., Sehouli, J., Wienert, S., Lindner, J., … 

Joehrens, K. (2015). Prognostic impact of programmed cell death-1 ( PD-1 ) 

and PD-ligand 1 ( PD-L1 ) expression in cancer cells and ... Oncotarget, 7(2), 

1486–1499. https://doi.org/10.18632/oncotarget.6429 

Derks, S., & van, E. M. (2011). DCC (deleted in colorectal carcinoma). Atlas of Genetics 

and Cytogenetics in Oncology and Haematology, 14(10), 945–949. 

https://doi.org/10.4267/2042/44867 

Drakes, M. L., Mehrotra, S., Aldulescu, M., Potkul, R. K., Liu, Y., Grisoli, A., … Stiff, 

P. J. (2018). Stratification of ovarian tumor pathology by expression of 

programmed cell death-1 (PD-1) and PD-ligand- 1 (PD-L1) in ovarian cancer. 

Journal of Ovarian Research, 11(1), 1–11. https://doi.org/10.1186/s13048-

018-0414-z 

Droeser, R. A., Hirt, C., Viehl, C. T., Frey, D. M., Nebiker, C., Huber, X., … Tornillo, 

L. (2013). Clinical impact of programmed cell death ligand 1 expression in 

colorectal cancer. European Journal of Cancer, 49(9), 2233–2242. 

https://doi.org/10.1016/j.ejca.2013.02.015 

          Esteller, M. (2007). Cancer epigenomics: DNA methylomes and histone-

modification maps. Nature Reviews Genetics, 8, 286. Retrieved from 

https://doi.org/10.1038/nrg2005 

          Facciabene, A., Motz, G. T., & Coukos, G. (2012). T-Regulatory cells: Key 

players in tumor immune escape and angiogenesis. Cancer Research, 72(9), 

2162–2171. https://doi.org/10.1158/0008-5472.CAN-11-3687 

Fedchenko, N., & Reifenrath, J. (2014). Different approaches for interpretation and 

reporting of immunohistochemistry analysis results in the bone tissue - a 

review. Diagnostic Pathology, 9, 221. https://doi.org/10.1186/s13000-014-

0221-9 

Fife, B. T., & Pauken, K. E. (2011). The role of the PD-1 pathway in autoimmunity and 

peripheral tolerance. Annals of the New York Academy of Sciences, 1217(1), 

45–59. https://doi.org/10.1111/j.1749-6632.2010.05919.x 

Fleming, M., Ravula, S., Tatishchev, S. F., & Wang, H. L. (2012). Colorectal carcinoma: 

Pathologic aspects. Journal of Gastrointestinal Oncology, 3(3), 153–173. 

https://doi.org/10.3978/j.issn.2078-6891.2012.030 

Francisco, L. M., Sage, P. T., & Sharpe, A. H. (2010). The PD-1 pathway in tolerance 

and autoimmunity. Immunological Reviews, 236(1), 219–242. 



© C
OPYRIG

HT U
PM

 

65 

https://doi.org/10.1111/j.1600-065X.2010.00923.x 

Gal, R., Sadikov, E., Sulkes, J., Klein, B., & Koren, R. (2004). Deleted in colorectal 

cancer protein expression as a possible predictor of response to adjuvant 

chemotherapy in colorectal cancer patients. Diseases of the Colon and Rectum, 

47(7), 1216–1224. https://doi.org/10.1007/s10350-004-0552-9 

Gatalica, Z., Snyder, C., Maney, T., Ghazalpour, A., Holterman, D. A., Xiao, N., … 

Hamid, O. (2014). Programmed cell death 1 (PD-1) and its ligand (PD-L1) in 

common cancers and their correlation with molecular cancer type. Cancer 

Epidemiology Biomarkers and Prevention, 23(12), 2965–2970. 

https://doi.org/10.1158/1055-9965.EPI-14-0654 

Gato-Cañas, M., Zuazo, M., Arasanz, H., Ibañez-Vea, M., Lorenzo, L., Fernandez-

Hinojal, G., … Escors, D. (2017). PDL1 Signals through Conserved Sequence 

Motifs to Overcome Interferon-Mediated Cytotoxicity. Cell Reports, 20(8), 

1818–1829. https://doi.org/10.1016/j.celrep.2017.07.075 

Ghazali, A. K. (2018). Modelling of Survival and Incidence for  Colorectal Cancer in 

Malaysia by Declaration of Authorship, (April). 

Ghoncheh, M., Mohammadian, M., & Mohammadian-hafshejani, A. (2016). The 

Incidence and Mortality of Colorectal Cancer and Its Relationship With the 

Human Development Index in Asia. Annals of Global Health, 82(5), 726–737. 

https://doi.org/10.1016/j.aogh.2016.10.004 

Gibney, G. T., Weiner, L. M., & Atkins, M. B. (2016). Predictive biomarkers for 

checkpoint inhibitor-based immunotherapy. The Lancet Oncology, 17(12), 

e542–e551. https://doi.org/10.1016/S1470-2045(16)30406-5 

Gopal, S. (2016). Moonshot to Malawi. New England Journal of Medicine, 374(17), 

1604–1605. https://doi.org/10.1056/nejmp1601982 

Grady, W. M., & Carethers, J. M. (2008). Genomic and Epigenetic Instability in 

Colorectal Cancer Pathogenesis. Gastroenterology, 135(4), 1079–1099. 

https://doi.org/10.1053/j.gastro.2008.07.076 

Grosso, J., Cogswell, J., Phillips, T., Wu, Q., Inzunza, D., Simmons, P., … Zhang, X. 

(2013). Programmed death-ligand 1 (PD-L1) expression in various tumor types. 

Journal for ImmunoTherapy of Cancer, 1(S1), 2051. 

https://doi.org/10.1186/2051-1426-1-s1-p53 

Gusella, M., & Padrini, R. (2007). G>C SNP of thymidylate synthase with respect to 

colorectal cancer. Pharmacogenomics, 8(8), 985–996. 

https://doi.org/10.2217/14622416.8.8.985 

Hainsworth, J., Heim, W., Berlin, J., Baron, A., Griffing, S., Holmgren, E., … 

Kabbinavar, F. (2004). new england journal, 350(23), 2335–2342. 



© C
OPYRIG

HT U
PM

 

66 

 Hallett, W. H. D., Jing, W., Drobyski, W. R., & Johnson, B. D. (2011). 

Immunosuppressive Effects of Multiple Myeloma Are Overcome by PD-L1 

Blockade. Biology of Blood and Marrow Transplantation, 17(8), 1133–1145. 

https://doi.org/10.1016/j.bbmt.2011.03.011 

Hammond, W. A., Swaika, A., & Mody, K. (2016). Pharmacologic resistance in 

colorectal cancer: A review. Therapeutic Advances in Medical Oncology, 8(1), 

57–84. https://doi.org/10.1177/1758834015614530 

Hanahan. (2011). The Hallmarks of Cancer Review. Cancer Immunology, 

Immunotherapy, 60(3), 319–326. https://doi.org/10.1007/s00262-010-0968-0 

Hanahan, D., & Weinberg, R. A. (2011). Hallmarks of cancer: The next generation. Cell, 

144(5), 646–674. https://doi.org/10.1016/j.cell.2011.02.013 

Hedrick, L., Cho, K. R., Fearon, E. R., Wu, T. C., Kinzler, K. W., & Vogelstein, B. 

(1994). The DCC gene product in cellular differentiation and colorectal 

tumorigenesis. Genes and Development, 8(10), 1174–1183. 

https://doi.org/10.1101/gad.8.10.1174 

Hirano, F., Kaneko, K., Tamura, H., Dong, H., Wang, S., Ichikawa, M., … Chen, L. 

(2005). Blockade of B7-H1 and PD-1 by Monoclonal Antibodies Potentiates 

Cancer Therapeutic Immunity, (3), 1089–1097. 

Hitre, E., Budai, B., Adleff, V., Czeglédi, F., Horváth, Z., Gyergyay, F., … 

Kralovánszky, J. (2005). Influence of thymidylate synthase gene 

polymorphisms on the survival of colorectal cancer patients receiving adjuvant 

5-fluorouracil. Pharmacogenetics and Genomics, 15(10), 723–730. 

https://doi.org/10.1097/01.fpc.0000175598.42141.59 

Imai, K., & Yamamoto, H. (2008). Carcinogenesis and microsatellite instability: The 

interrelationship between genetics and epigenetics. Carcinogenesis, 29(4), 

673–680. https://doi.org/10.1093/carcin/bgm228 

Johnston, P. G., Danenberg, P. V, Leichman, L., Leichman, G., Danenberg, D., & 

Allegra, J. (1995). Advances in Brief Thymidylate Synthase Gene and Protein 

Expression Correlate and Are Associated with Response to 5-Fluorouracil in 

Human Colorectal and Gastric Tumors ’, (March 1993), 1407–1413. 

Kamaruzaman, H. (2018). CPG Management of Colorectal Carcinoma. 

Karlberg, M., Öhrling, K., Edler, D., Hallström, M., Ullén, H., & Ragnhammar, P. 

(2010). Prognostic and predictive value of thymidylate synthase expression in 

primary colorectal cancer. Anticancer Research, 30(2), 645–651. 

Karsa, L. V., Lignini, T. A., Patnick, J., Lambert, R., & Sauvaget, C. (2010). The 

dimensions of the CRC problem. Best Practice and Research: Clinical 

Gastroenterology, 24(4), 381–396. https://doi.org/10.1016/j.bpg.2010.06.004 



© C
OPYRIG

HT U
PM

 

67 

Kastan, M. B. (2008). DNA Damage Responses: Mechanisms and Roles in Human 

Disease: 2007 G.H.A. Clowes Memorial Award Lecture. Molecular Cancer 

Research, 6(4), 517–524. https://doi.org/10.1158/1541-7786.mcr-08-0020 

Kawasaki, A., Honjo, T., Agata, Y., Nishimura, H., Tsubat, T., Ishida, Y., & Yagita, H. 

(2007). Expression of the PD-1 antigen on the surface of stimulated mouse T 

and B lymphocytes. International Immunology, 8(5), 765–772. 

https://doi.org/10.1093/intimm/8.5.765 

Keino-masu, K., Masu, M., Hinck, L., Leonardo, E. D., Culotti, J. G., & Tessier-lavigne, 

M. (1996). Deleted in Colorectal Cancer. Cell, 87(Dcc), 175–185. 

https://doi.org/10.1016/S0092-8674(00)81336-7 

Keir, M. E., Butte, M. J., Freeman, G. J., & Sharpe, A. H. (2008). PD-1 and Its Ligands 

in Tolerance and Immunity. Annual Review of Immunology, 26(1), 677–704. 

https://doi.org/10.1146/annurev.immunol.26.021607.090331 

    Kemeny, N., Gorlick, R., Rode, W., Bertino, J. R., Cheng, Y.-C., Mishra, P. J., … 

Sowers, R. (2009). Decreased levels of UMP kinase as a mechanism of 

fluoropyrimidine resistance. Molecular Cancer Therapeutics, 8(5), 1037–1044. 

https://doi.org/10.1158/1535-7163.mct-08-0716 

 Koumarianou, A., Tzeveleki, I., Mekras, D., Eleftheraki, A. G., Bobos, M., Wirtz, R., 

… Fountzilas, G. (2014). Prognostic markers in early-stage colorectal cancer: 

Significance of TYMS mRNA expression. Anticancer Research, 34(9), 4949–

4962. 

   Ladoire, S., Martin, F., & Ghiringhelli, F. (2011). Prognostic role of FOXP3+ 

regulatory T cells infiltrating human carcinomas: The paradox of colorectal 

cancer. Cancer Immunology, Immunotherapy, 60(7), 909–918. 

https://doi.org/10.1007/s00262-011-1046-y 

Lapeyre-prost, A., Terme, M., Pernot, S., Marcheteau, E., Pointet, A., Voron, T., … 

Taieb, J. (2017). Immune therapy in colorectal cancer. 

 Le François, B. G., Maroun, J. A., & Birnboim, H. C. (2007). Expression of thymidylate 

synthase in human cells is an early G1 event regulated by CDK4 and 

p16INK4A but not E2F. British Journal of Cancer, 97(9), 1242–1250. 

https://doi.org/10.1038/sj.bjc.6604020 

Lee, S. W., Chen, T. J., Lin, L. C., Li, C. F., Chen, L. T., Hsing, C. H., … Shiue, Y. L. 

(2013). Overexpression of thymidylate synthetase confers an independent 

prognostic indicator in nasopharyngeal carcinoma. Experimental and 

Molecular Pathology, 95(1), 83–90. 

https://doi.org/10.1016/j.yexmp.2013.05.006 

Lenka, G., Tsai, M. H., Hsiao, J. H., Lai, L. C., & Chuang, E. Y. (2016). Overexpression 

of methylation-driven DCC suppresses proliferation of lung cancer cells. 

Translational Cancer Research, 5(2), 169–175. 



© C
OPYRIG

HT U
PM

 

68 

https://doi.org/10.21037/tcr.2016.04.08 

Li, Yan, He, M., Zhou, Y., Yang, C., Wei, S., Bian, X., … Xie, L. (2019). The prognostic 

and clinicopathological roles of PD-L1 expression in colorectal cancer: A 

systematic review and meta-analysis. Frontiers in Pharmacology, 10(FEB), 1–

10. https://doi.org/10.3389/fphar.2019.00139 

Li, Yaqi, Liang, L., Dai, W., Cai, G., Xu, Y., Li, X., … Cai, S. (2016). Prognostic impact 

of programed cell death-1 (PD-1) and PD-ligand 1 (PD-L1) expression in 

cancer cells and tumor infiltrating lymphocytes in colorectal cancer. Molecular 

Cancer, 15(1). https://doi.org/10.1186/s12943-016-0539-x 

Liu, R., Peng, K., Yu, Y., Liang, L., Xu, X., Li, W., … Liu, T. (2018). Prognostic Value 

of Immunoscore and PD-L1 Expression in Metastatic Colorectal Cancer 

Patients with Different RAS Status after Palliative Operation. BioMed Research 

International, 2018, 1–9. https://doi.org/10.1155/2018/5920608 

Liu, Y., Li, Q., Zhou, L., Xie, N., Nice, E. C., Zhang, H., … Lei, Y. (2016). Cancer drug 

resistance: redox resetting renders a way. Oncotarget, 7(27). 

https://doi.org/10.18632/oncotarget.8600 

Longley, D. B., Harkin, D. P., & Johnston, P. G. (2003). 5-Fluorouracil: mechanisms of 

action and clinical strategies. Nature Reviews Cancer, 3, 330. Retrieved from 

https://doi.org/10.1038/nrc1074 

Massard, C., Gordon, M. S., Sharma, S., Rafii, S., Wainberg, Z. A., Luke, J., … Segal, 

N. H. (2016). Safety and efficacy of durvalumab (MEDI4736), an anti-

programmed cell death ligand-1 immune checkpoint inhibitor, in patients with 

advanced urothelial bladder cancer. Journal of Clinical Oncology, 34(26), 

3119–3125. https://doi.org/10.1200/JCO.2016.67.9761 

Mateka, J. J. L., Haniff, M. M., Bainey, R. S., & Iliou, C. B. (2013). Journal of 

Gastrointestinal & Digestive Interesting Trends In Incidence and Mortality 

Rates of Colorectal Cancer in the United States of America. 

https://doi.org/10.4172/2161-069X.S6-004 

Mazanet, M. M., Hughes, C. C. W., & Alerts, E. (2019). B7-H1 Is Expressed by Human 

Endothelial Cells and Suppresses T Cell Cytokine Synthesis, 1–9. 

https://doi.org/10.4049/jimmunol.169.7.3581 

McCall, N., Fontina, P., Guan, Q., Dicker, A. P., Du, S., Park, K., … Zhan, T. (2017). 

Blockade of Tumor-Expressed PD-1 promotes lung cancer growth. 

OncoImmunology, 7(4), e1408747. 

https://doi.org/10.1080/2162402x.2017.1408747 

Mcdermott, D. F., Drake, C. G., Sznol, M., Choueiri, T. K., Powderly, J. D., Smith, D. 

C., … Atkins, M. B. (2015). Survival , Durable Response , and Long-Term 

Safety in Patients With Previously Treated Advanced Renal Cell Carcinoma 

Receiving Nivolumab, 33(18). https://doi.org/10.1200/JCO.2014.58.1041 



© C
OPYRIG

HT U
PM

 

69 

Mehlen, P., & Bredesen, D. E. (2004). The dependence receptor hypothesis Dependence 

receptors : Two-sided. Apoptosis, 9(1), 37–49. 

Mehlen, P., & Llambi, F. (2005). Role of netrin-1 and netrin-1 dependence receptors in 

colorectal cancers. British Journal of Cancer, 93(1), 1–6. 

https://doi.org/10.1038/sj.bjc.6602656 

Moon, J. W., Kong, S., K, B. S., Kim, H. J., Lim, H., Noh, K., … Kim, Y. (2017). OPEN 

IFN γ induces PD-L1 overexpression by JAK2 / STAT1 / IRF-1 signaling in 

EBV-positive gastric carcinoma. Scientific Reports, 1–13. 

https://doi.org/10.1038/s41598-017-18132-0 

Morgan, M., Koorey, D., Painter, D., Findlay, M., Newland, R., Chapuis, P., … Hospital, 

A. (2003). p53 and DCC immunohistochemistry in curative rectal cancer 

surgery, 188–195. https://doi.org/10.1007/s00384-002-0434-3 

Muhammad Radzi, A. H., Ibtisam, I., Mohd Azri, M. S., Faizah, A., Wan Khamizar, W. 

K., Zabedah, O., … Nik Raihan, N. M. (2016). Incidence and mortality rates of 

colorectal cancer in Malaysia. Epidemiology and Health, 38, 1–5. 

https://doi.org/10.4178/epih/e2016007 

Mulcahy, H. E., & O’Donoghue, D. P. (1997). Duration of colorectal cancer symptoms 

and survival: The effect of confounding clinical and pathological variables. 

European Journal of Cancer Part A, 33(9), 1461–1467. 

https://doi.org/10.1016/S0959-8049(97)00089-0 

Naing, L., Winn, T., & Rusli, B. N. (2006). Practical Issues in Calculating the Sample 

Size for Prevalence Studies, (Ci), 9–14. 

Niedzwiecki, D., Hasson, R. M., Lenz, H., Ye, C., Redston, M., Ogino, S., … 

Bertagnolli, M. M. (2017). A Study of Thymidylate Synthase Expression as a 

Biomarker for Resectable Colon Cancer: Alliance (Cancer and Leukemia 

Group B) 9581 and 89803. The Oncologist, 22(1), 107–114. 

https://doi.org/10.1634/theoncologist.2016-0215 

Nigaml, A. K., Savage, F. J., Boulos, P. B., Stamp, G. W. H., & Pignatelli, D. L. & M. 

(1993). Loss of cell-cell and cell-matrix. Br, 507–514. 

https://doi.org/10.1038/bjc.1993.377 

Nirmal, S., Nadu, T., Surgeon, E., Tambaram, W., & Assessor, P. (2019). Allied 

Ophthalmic Sciences, 1–9. 

Noordhuis, P., Holwerda, U., Van der Wilt, C. L., Van Groeningen, C. J., Smid, K., 

Meijer, S., … Peters, G. J. (2004). 5-Fluorouracil incorporation into RNA and 

DNA in relation to thymidylate synthase inhibition of human colorectal 

cancers. Annals of Oncology, 15(7), 1025–1032. 

https://doi.org/10.1093/annonc/mdh264 

 



© C
OPYRIG

HT U
PM

 

70 

Oliveira, A. F., Bretes, L., & Furtado, I. (2019). Review of PD-1 / PD-L1 Inhibitors in 

Metastatic dMMR / MSI-H Colorectal Cancer, 9(May), 1–8. 

https://doi.org/10.3389/fonc.2019.00396 

Ozmadenci, D. (2019). Netrin-1 function in somatic cell reprogramming and 

pluripotency To cite this version : HAL Id : tel-02003505. 

P., A. J., I., S., H., T., G., L., B.A., F., C.M., N. B., … R., R. (2015). The role of PD-L1 

expression as a predictive biomarker in advanced non-small cell lung cancer: 

A network meta-analysis. Immunotherapy, 51, S644. 

https://doi.org/10.2217/imt-2015-0002 

Palmer, A. M., Kamynina, E., Field, M. S., & Stover, P. J. (2017). Folate rescues Vitamin 

B12 depletion-induced inhibition of nuclear thymidylate biosynthesis and 

genome instability. Proceedings of the National Academy of Sciences of the 

United States of America, 114(20), E4095–E4102. 

https://doi.org/10.1073/pnas.1619582114 

 Pardoll, D. M. (2012). The blockade of immune checkpoints in cancer immunotherapy. 

Nature Reviews Cancer, 12, 252. Retrieved from 

https://doi.org/10.1038/nrc3239 

Passiglia, F., Bronte, G., Bazan, V., Natoli, C., Rizzo, S., Galvano, A., … Russo, A. 

(2016). PD-L1 expression as predictive biomarker in patients with NSCLC: A 

pooled analysis. Oncotarget, 7(15), 19738–19747. 

https://doi.org/10.18632/oncotarget.7582 

Patel, Sandip Pravin, & Kurzrock, R. (2015). PD-L1 Expression as a Predictive 

Biomarker in Cancer Immunotherapy, 1, 847–857. 

https://doi.org/10.1158/1535-7163.MCT-14-0983 

Patla, A., & Pawlȩga, J. (2005). Prognostic value of thymidylate synthase expression in 

colorectal cancer. Nowotwory, 55(2), 130–136. 

Pino, M. S., & Chung, D. C. (2010). The Chromosomal Instability Pathway in Colon 

Cancer. Gastroenterology, 138(6), 2059–2072. 

https://doi.org/10.1053/j.gastro.2009.12.065 

Polakis, P. (2000). Wnt signaling and cancer: A review. CSH Genes and Development, 

(650), 1837–1851. https://doi.org/10.1101/gad.14.15.1837 

Postow, M. A., Callahan, M. K., & Wolchok, J. D. (2015). Immune checkpoint blockade 

in cancer therapy. Journal of Clinical Oncology, 33(17), 1974–1982. 

https://doi.org/10.1200/JCO.2014.59.4358 

Qiu, L. X., Tang, Q. Y., Bai, J. L., Qian, X. P., Li, R. T., Liu, B. R., & Zheng, M. H. 

(2008). Predictive value of thymidylate synthase expression in advanced 

colorectal cancer patients receiving fluoropyrimidine-based chemotherapy: 

Evidence from 24 studies. International Journal of Cancer, 123(10), 2384–



© C
OPYRIG

HT U
PM

 

71 

2389. https://doi.org/10.1002/ijc.23822 

Qureshi, M. A., Raj, M., Kee Thiam, O., & Menon, J. (2001). Screening for colorectal 

cancer in Malaysia. 

R., S., G., F., & A., S. (2004). Molecular prognostic factors in rectal cancer. Romanian 

Journal of Gastroenterology, 13(3), 223–231. Retrieved from 

http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=emed6&NE

WS=N&AN=2004436877 

Rahman, L., Voeller, D., Rahman, M., Lipkowitz, S., Allegra, C., Barrett, J. C., … Zajac-

Kaye, M. (2004). Thymidylate synthase as an oncogene: A novel role for an 

essential DNA synthesis enzyme. Cancer Cell, 5(4), 341–351. 

https://doi.org/10.1016/S1535-6108(04)00080-7 

Ramirez-Montagut, T. (2015). Cancer Vaccines. Novel Approaches and Strategies for 

Biologics, Vaccines and Cancer Therapies, 365–388. 

https://doi.org/10.1016/B978-0-12-416603-5.00015-8 

Rashid, M. R. A., Firzah, A., Aziz, A., Ahmad, S., Shah, S. A., & Sagap, I. (2009). 

Colorectal Cancer Patients in a Tertiary Referral Centre in Malaysia : a Five 

Year Follow-up Review, 10, 1163–1166. 

Reck, M., Rodriguez-Abreu, D., Robinson, A. G., Hui, R., Csöszi, T., Fülöp, A., … 

Brahmer, J. R. (2016). Pembrolizumab versus Chemotherapy for PD-L1-

Positive Non-Small-Cell Lung Cancer. New England Journal of Medicine, 

375(19), 1823–1833. https://doi.org/10.1056/NEJMoa1606774 

Ritprajak, P., & Azuma, M. (2015). Intrinsic and extrinsic control of expression of the 

immunoregulatory molecule PD-L1 in epithelial cells and squamous cell 

carcinoma. Oral Oncology, 51(3), 221–228. 

https://doi.org/10.1016/j.oraloncology.2014.11.014 

Ruppert, J., Preisinger, A., Thomas, G., Kinzler, K., Fearon, E., Cho, K., … Kern, S. 

(2006). Identification of a chromosome 18q gene that is altered in colorectal 

cancers. Science, 247(4938), 49–56. https://doi.org/10.1126/science.2294591 

Salonga, T., Phosphorylase, T., Salonga, D., Danenberg, K. D., Johnson, M., Metzger, 

R., … Danenberg, P. V. (2000). Colorectal Tumors Responding to 5-

Fluorouracil Have Low Gene Expression Levels of Dihydropyrimidine 

Dehydrogenase ,. Clinical Cancer Research, 6(April), 1322–1327. 

Sankaranarayanan, R., Ramadas, K., & Qiao, Y. lin. (2014). Managing the changing 

burden of cancer in Asia. BMC Medicine, 12(1). https://doi.org/10.1186/1741-

7015-12-3 

Savas, N., Dagli, U., Akbulut, S., Yuksel, O., & Sahin, B. (2007). Colorectal cancer 

localization in young patients: Should we expand the screening program? 

Digestive Diseases and Sciences, 52(3), 798–802. 



© C
OPYRIG

HT U
PM

 

72 

https://doi.org/10.1007/s10620-006-9432-6 

Seery, V. (2017). Interprofessional Collaboration with Immune Checkpoint Inhibitor 

Therapy: the Roles of Gastroenterology, Endocrinology and Neurology. 

Seminars in Oncology Nursing, 33(4), 402–414. 

https://doi.org/10.1016/j.soncn.2017.08.002 

 Shibata, D., Perucho, M., Peinado, M. A., Malkhosyan, S., & Ionov, Y. (2003). 

Ubiquitous somatic mutations in simple repeated sequences reveal a new 

mechanism for colonic carcinogenesis. Nature, 363(6429), 558–561. 

https://doi.org/10.1038/363558a0 

Shien, K., Papadimitrakopoulou, V. A., & Wistuba, I. I. (2016). Predictive biomarkers 

of response to PD-1/PD-L1 immune checkpoint inhibitors in non–small cell 

lung cancer. Lung Cancer, 99, 79–87. 

https://doi.org/10.1016/j.lungcan.2016.06.016 

Slattum, G. M., & Rosenblatt, J. (2015). extrusion, 14(7), 495–501. 

https://doi.org/10.1038/nrc3767.Tumour 

Sobin, L. H. (2001). TNM: principles, history, and relation to other prognostic factors. 

Cancer, 91(8 Suppl), 1589–1592. Retrieved from 

http://www.ncbi.nlm.nih.gov/pubmed/11309755 

 Soong, R., Shah, N., Salto-Tellez, M., Tai, B. C., Soo, R. A., Han, H. C., … Iacopetta, 

B. (2008). Prognostic significance of thymidylate synthase, dihydropyrimidine 

dehydrogenase and thymidine phosphorylase protein expression in colorectal 

cancer patients treated with or without 5-fluorouracil-based chemotherapy. 

Annals of Oncology, 19(5), 915–919. https://doi.org/10.1093/annonc/mdm599 

Stang, A., & Kluttig, A. (2008). Etiologic insights from surface adjustment of colorectal 

carcinoma incidences: An analysis of the U.S. SEER data 2000-2004. American 

Journal of Gastroenterology, 103(11), 2853–2861. 

https://doi.org/10.1111/j.1572-0241.2008.02087.x 

Su, X., Li, S., Zhang, H., Xiao, H., Chen, C., & Wang, G. (2019). Thymidylate synthase 

gene polymorphism predicts disease free survival in stage II–III rectal 

adenocarcinoma patients receiving adjuvant 5-FU-based chemotherapy. 

Chinese Clinical Oncology, 8(3), 1–8. https://doi.org/10.21037/cco.2019.01.10 

Sunshine, J., & Taube, J. M. (2015). PD-1/PD-L1 inhibitors. Current Opinion in 

Pharmacology, 23, 32–38. https://doi.org/10.1016/j.coph.2015.05.011 

Tejpar, S., Stintzing, S., Ciardiello, F., Tabernero, J., Van Cutsem, E., Beier, F., … 

Heinemann, V. (2017). Prognostic and predictive relevance of primary tumor 

location in patients with ras wild-type metastatic colorectal cancer retrospective 

analyses of the CRYSTAL and FIRE-3 trials. JAMA Oncology, 3(2), 194–201. 

https://doi.org/10.1001/jamaoncol.2016.3797 



© C
OPYRIG

HT U
PM

 

73 

Udall, M., Rizzo, M., Kenny, J., Doherty, J., Dahm, S. A., Robbins, P., & Faulkner, E. 

(2018). PD-L1 diagnostic tests: A systematic literature review of scoring 

algorithms and test-validation metrics. Diagnostic Pathology, 13(1), 1–11. 

https://doi.org/10.1186/s13000-018-0689-9 

van Ballegooijen, M., Anderson, R. N., Ries, L. A. G., Kohler, B. A., Seeff, L. C., Goede, 

S. L., … Lansdorp-Vogelaar, I. (2009). Annual report to the nation on the status 

of cancer, 1975-2006, featuring colorectal cancer trends and impact of 

interventions (risk factors, screening, and treatment) to reduce future rates. 

Cancer, 116(3), 544–573. https://doi.org/10.1002/cncr.24760 

Varghese, V., Magnani, L., Harada-Shoji, N., Mauri, F., Szydlo, R. M., Yao, S., … 

Kenny, L. M. (2019). FOXM1 modulates 5-FU resistance in colorectal cancer 

through regulating TYMS expression. Scientific Reports, 9(1), 1–16. 

https://doi.org/10.1038/s41598-018-38017-0 

Vidal, A., & Koff, A. (2000). Cell-cycle inhibitors: Three families united by a common 

cause. Gene, 247(1–2), 1–15. https://doi.org/10.1016/S0378-1119(00)00092-5 

Wang, T., Diaz, L. A., Romans, K., Bardelli, A., Saha, S., Galizia, G., … Velculescu, V. 

E. (2003). Digital karyotyping identifies thymidylate synthase amplification as 

a mechanism of resistance to 5-fluorouracil in metastatic colorectal cancer 

patients. 

Wen, C. T. P., Hussein, S. Z., Abdullah, S., Karim, N. A., Makpol, S., & Yusof, Y. A. 

M. (2012). Gelam and Nenas Honeys Inhibit Proliferation of HT 29 Colon 

Cancer Cells by Inducing DNA Damage and Apoptosis while Suppressing 

Inflammation. Asian Pacific Journal of Cancer Prevention, 13(4), 1605–1610. 

https://doi.org/10.7314/apjcp.2012.13.4.1605 

Wolchok, J. D., Weber, J. S., Hwu, W.-J., Boasberg, P., Algazi, A., Gangadhar, T. C., 

… Ribas, A. (2013). Safety and Tumor Responses with Lambrolizumab (Anti–

PD-1) in Melanoma. New England Journal of Medicine, 369(2), 134–144. 

https://doi.org/10.1056/nejmoa1305133 

Wu, J. T., Kakar, S., Nelson, R. L., Mihalov, M. L., Hayward, B., Gilbert, P. B., & 

Ghosh, L. (2005). Prognostic significance of DCC and p27Kip1 in colorectal 

cancer. Applied Immunohistochemistry and Molecular Morphology, 13(1), 45–

54. https://doi.org/10.1097/00129039-200503000-00008 

Wu, C. Te, Chen, W. C., Chang, Y. H., Lin, W. Y., & Chen, M. F. (2016). The role of 

PD-L1 in the radiation response and clinical outcome for bladder cancer. 

Scientific Reports, 6(January), 1–9. https://doi.org/10.1038/srep19740 

Xie, J., & Itzkowitz, S. H. (2008). Cancer in inflammatory bowel disease. World Journal 

of Gastroenterology, 14(3), 378–389. https://doi.org/10.3748/wjg.14.378 

 



© C
OPYRIG

HT U
PM

74 

Yokosuka, T., Takamatsu, M., Kobayashi-Imanishi, W., Hashimoto-Tane, A., Azuma, 

M., & Saito, T. (2012). Programmed cell death 1 forms negative costimulatory 

microclusters that directly inhibit T cell receptor signaling by recruiting 

phosphatase SHP2. The Journal of Experimental Medicine, 209(6), 1201–1217. 

https://doi.org/10.1084/jem.20112741 

Yuan, J. M., Lu, S. C., Van Den Berg, D., Govindarajan, S., Zhang, Z. Q., Mato, J. M., 

& Yu, M. C. (2007). Genetic polymorphisms in the Methylenetetrahydrofolate 

reductase and Thymidylate synthase genes and risk of hepatocellular 

carcinoma. Hepatology, 46(3), 749–758. https://doi.org/10.1002/hep.21735 

Zou, W., & Chen, L. (2008). Inhibitory B7-family molecules in the tumour 

microenvironment. Nature Reviews Immunology, 8, 467. Retrieved from 

https://doi.org/10.1038/nri2326 



© C
OPYRIG

HT U
PM

79 

9 BIODATA OF STUDENT 

Ebenyi Emeka Onwe is a Nigerian native of Ebonyi state from Ohaukwu Local 

Government Area. He attended Community Primary School Ukpeshi Ngbo, where he 

obtained his First Leaving Certificate in the year 1995. He then proceeded to the 

Community Secondary School Okposhi Eheku Ngbo where he completed his Senior 

Secondary Certificate Examination in 2001. He was admitted to Medical Laboratory 

Science at Ebonyi State University, Abakaliki in 2003. He graduated in 2009 with 

second class (lower division). He is a licensed and associate member of Medical 

Laboratory Science Council of Nigeria (MLSCN) with Registration Number, RA (MLS) 

15728. Emeka did his 1-year internship at Usman Danfidiyo University Teaching 

Hospital Sokoto in 2010. In 2011, He answered his country’s clarion call by signing up 

to the one-year compulsory National Youth Service Corps (NYSC), where he served at 

Primary Health Centre Iguruta, Rivers state of Nigeria. He is happily married with 

children.  Emeka was enrolled for his master degree under the supervision of Associate 

Professor Dr. Norhafizah Binti Mohtarrudin in Pathology Department at the Faculty of 

Medicine and Health Sciences, Universiti Putra Malaysia. 



© C
OPYRIG

HT U
PM

80 

10 LIST OF PUBLICATIONS 

Ebenyi Emeka Onwe, Fauzah Abd Ghani, Reena Rehavu Zin, Maha Abdullah, 

Norhafizah Mohtarrudin. (2019). Programmed cell death-ligand 1, thymidylate 

synthase and deleted in colorectal carcinoma biomarkers in colorectal 

carcinoma Malaysian Journal of Medicine and Health Sciences Vol.15 Supp 8, 

November 2019. 

Ebenyi Emeka Onwe, Fauzah Abd Ghani, Reena Rehavu Zin, Maha Abdullah, 

Norhafizah Mohtarrudin. Predictive potential of PD-L1, TYMS and DCC 

expressions in treatment outcome of colorectal carcinoma. BMRAT-2019-11-

154 was accepted for publication in the Biomedical Research and Therapy. 

Seminars and Workshops 

Real Talk: Be a smart autoclave user organized by FC-BIOS SON BHD. 19th April  

2018 

3D Adherent Cell Culturing For Bioprocessing organized by Esco Biological Institute. 

7th August 2019. 



© C
OPYRIG

HT U
PM


	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page
	Blank Page



