
 

Faculty of Resource Science and Technology 
 

A Meta-analysis of Gene Expression of Biomarkers and Construction of 

Multigene Prognosis Assessment Model in Nasopharyngeal Carcinoma  

 

 

Sim Chor Chien 

  

 

 

 

 

 

 

 

 
 

Master of Science 

2020 



A Meta-analysis of Gene Expression of Biomarkers and Construction of 

Multigene Prognosis Assessment Model in Nasopharyngeal Carcinoma 

 

 

 

 

 

 

 

 

 

 
 

 

Sim Chor Chien 

 

 

 

 

 

 

 

 
 

 

 

 

A thesis submitted  

In fulfilment of the requirements of the degree of Master of Science 

(Medical Genetics) 

 

 

 

 

 

 

 

 

 

 
 

Faculty of Resource Science and Technology 

UNIVERSITI MALAYSIA SARAWAK 

2020



 

i 
 

DECLARATION 

I, Sim Chor Chien (17020107), from Faculty of Resource Science and Technology, hereby 

declare that the work entitled ‘A Meta-analysis of Gene Expression of Biomarkers and 

Construction of Multigene Prognosis Assessment Model in Nasopharyngeal Carcinoma’ is 

my original work. I have not copied from other students’ work or from any other sources 

except where due references acknowledgement is made explicitly in the text, nor has any 

part been written for me by another person. The thesis has not been accepted for any degree 

and is not concurrently submitted in candidature for any other degree.  

 

          

______________________ 

Sim Chor Chien  

Matric No:  17020107 

Date: 4 June 2020      

  



 

ii 
 

ACKNOWLEDGEMENT 

 

First and foremost, I would like to express my sincere appreciation to my motivating 

supervisor, Prof. Dr Edmund Sim for his guidance, supervision and valuable suggestion and 

insightful comments that enable me to acquire better understanding. His helping hands and 

expertize always help me in producing better quality work. Thank you, Prof. E.  

 

A special thanks to my co-supervisor, Dr Chong Yee Ling for giving me the direction in 

doing this research. Her professional guidance has provided me with intelligent assistance.  

 

Besides, I would like to thank my dear colleagues, Ms Ng Kher Lee, Ms Felicia Kavita, Ms 

Cassandra Chee, Ms Yew Keh Li and Ms Cassandra Chong for the support and accompany.  

A special thanks also for my friend, Yee Siew who has provided me with much IT support 

throughout the research. Thank you for easing this stressful journey!  

 

I place on record, my utmost gratitude to my dearest family for the unceasing love, 

encouragement, support and care. And thank you Stewart, for the constant prayers and 

unconditional support. My deepest heart-felt thanks to you all for accompanying me 

throughout this journey and sharing my stress and tears. Thank you with lots of love.  

 

Last but not least, I would like to thank God the Almighty for giving me the strength, wisdom, 

faith and boundless grace to pursue this study. Thank You for leading me through ups and 

downs with Your out-strengthened arms. Thank you, Lord! 

  



 

iii 
 

ABSTRACT 

Nasopharyngeal carcinoma (NPC) is a common cancer in Southeast Asia, including 

Malaysia. Overall survival rate of NPC patients is poor due to late diagnosis at the advanced 

stage. Thus, definitive prognostic biomarkers and multigene prognosis assessment models 

are crucial to better manage NPC. Cyclooxygenase-2 (COX-2) was identified as a significant 

prognostic biomarker via meta-analysis in head and neck (HNC) cancer, oral squamous cell 

carcinoma (OSCC) and breast cancer. Prognostic significance of COX-2 in NPC regarding 

lymph node metastasis has been done via meta-analysis. However, prognostic significance 

of COX-2 in NPC in term of overall survival (OS) rate analysed via meta-analysis remains 

unexplored. This study aims to evaluate COX-2 expression with OS and treatment response 

via meta-analysis by referring to Preferred Reporting Items for Systematic Reviews and 

Meta-Analyses (PRISMA) checklist. Results show that over expression of COX-2 predicts 

worse survival rate outcome for NPC (hazard ratio greater than one) but not treatment 

response (odd ratio less than one). Hazard ratio is a time dependent statistic measure while 

odd ratio is a time independent statistic measure. Hence, evaluation of COX-2 expression in 

NPC patients is important for management and treatment of NPC. Most existing NPC 

prognosis assessment models are constructed with small sample sizes and thus less relevant 

and applicable for medical practices. This study therefore aimed to construct a multigene 

NPC prognosis assessment model by pooling results of more significant meta-analysis 

studies on prognostic biomarkers of NPC via modification of PRISMA. Through this study, 

a multigene NPC prognosis assessment model consisting of ten prognostic biomarkers, 

including COX-2 done from this study is constructed. OS of NPC patients can be determined 

computationally as pooled hazard ratios (HRs) via this model by selecting the over expressed 

biomarker(s). The model can also predict the NPC prognosis assessment risk score of the 
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patient too. Through this model, patients can estimate the overall survival rate time 

effectively. To provide understanding and explanation to the multigene NPC prognosis 

assessment model generated computationally, pathways and interactions involved by all the 

prognostic biomarkers are studied to determine the physiological interactions among all the 

prognostic biomarkers incorporated. The information on the pathways and interactions are 

extracted from the literature and summarized as a molecular pathway network. The pathway 

network model explains the possible complex interplay among different prognostic 

biomarkers in the oncogenesis of NPC.  

 

Keywords: Nasopharyngeal carcinoma, meta-analysis, cyclooxygenase-2, multigene NPC 

prognosis assessment model, NPC pathway network model.  
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Meta-analisis Mengenai Ekspresi Gen Faktor Ramalan dan Penjanaan Model 

Penilaian Prognosis Pelbagai Gen dalam Karsinoma Nasofarinks  

 

ABSTRAK 

 

Karsinoma nasofarinks (NPC) ialah sejenis kanser yang lazim di Asia Tenggara, termasuk 

Malaysia. Kadar kelangsungan hidup pada pesakit NPC adalah rendah disebabkan oleh 

diagnosis lambat pada peringkat akhir. Oleh itu, faktor ramalan NPC yang muktamad dan 

modal penilaian prognosis pelbagai gen adalah penting untuk mengendali NPC dengan 

lebih baik. Cyclooxygenase-2 (COX-2) dikenali sebagai faktor ramalan yang penting 

melalui meta-analisis bagi kanser kepala dan leher, karsinoma sel skuamosa mulut dan 

kanser dada. Kepentingan COX-2 dalam prognosis NPC mengenai metastasis nodus limfa 

telah ditentukan melalui meta-analisis. Walaubagaimanapun, fungsi COX-2 sebagai faktor 

ramalan bagi menentukan kelangsungan hidup pada pesakit NPC belum lagi dikaji melalui 

meta-analisis. Matlamat kajian ini adalah untuk menilai hubungan antara ekspresi COX-2 

dengan kadar kelangsungan hidup dan tindak balas rawatan melalui meta-analisis dengan 

rujukan ‘Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)’. 

Keputusan menunjukkan bahawa ekspresi COX-2 yang tinggi menjangkakan kadar 

kelangsungan hidup yang rendah (nisbah bahaya melebihi satu) tetapi tidak berkaitan 

dengan tindak balas rawatan (nisbah ganjil kurang daripada satu). Nisbah bahaya 

merupakan pengiraan statistik bergantung pada masa sementara nisbah ganjil merupakan 

pengiraan statistik yang tidak bergantung pada masa. Jadi, kajian untuk menilai ekspresi 

COX-2 adalah penting untuk pengurusan dan rawatan NPC yang lebih cekap. Kebanyakan 

model penilaian prognosis NPC yang sedang ada dijana dengan saiz sampel yang kecil dan 

menyebabkan model tersebut kurang berkaitan dan berguna dalam bidang perubatan. Oleh 

itu, kajian tersebut bertujuan untuk menjana model penilaian prognosis NPC pelbagai gen 
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yang berkomputasi dengan mengumpulkan keputusan meta-analisa mengenai faktor 

ramalan NPC yang lebih bermakna melalui pengubahsuaian PRISMA. Dengan kaedah 

tersebut, model penilaian prognosis NPC pelbagai gen yang terdiri daripada sepuluh faktor 

ramalan, termasuk COX-2 yang dikaji dalam kajian ini telah dijana. Kadar kelangsungan 

hidup bagi pesakit NPC dapat ditentukan secara berkomputasi sebagai nisbah bahaya 

keseluruhan (HRs) melalui model ini dengan memilih faktor ramalan yang diekspres lebih. 

Model tersebut juga dapat meramalkan angka risiko bagi penilaian prognosis NPC. Dengan 

menggunakan model ini, pesakit NPC dapat menjangka kadar hidup keseluruhan dalam 

masa yang singkat. Bagi memberikan pemahaman dan penjelasan mengenai model 

penilaian prognosis NPC pelbagai gen tersebut yang telah dijana secara berkomputasi, 

laluan dan interaksi antara faktor ramalan yang terlibat telah dikaji dan interaksi fisiologi 

telah dijelaskan. Maklumat mengenai laluan dan interaksi telah dikumpulkan dari kajian 

literatur dan diringkaskan dalam satu model rangkaian laluan NPC. Rangkaian tersebut 

menjelaskan interaksi kompleks antara faktor ramalan dalam onkogenesis NPC.  

 

Kata kunci: Karsinoma nasofarinks, meta-analisis, cyclooxygenase-2, model penilaian  

 NPC pelbagai gen, model rangkaian laluan NPC. 

 

  



 

vii 
 

TABLE OF CONTENTS 

  
  Page 

 

DECLARATION .................................................................................................................. i 

ACKNOWLEDGEMENT .................................................................................................. ii 

ABSTRACT ........................................................................................................................ iii 

ABSTRAK ............................................................................................................................. v 

TABLE OF CONTENTS .................................................................................................. vii 

LIST OF TABLES .............................................................................................................. xi 

LIST OF FIGURES ........................................................................................................... xii 

LIST OF ABBREVIATIONS ........................................................................................... xv 

 

CHAPTER 1: INTRODUCTION ...................................................................................... 1 

 

CHAPTER 2: LITERATURE REVIEW .......................................................................... 5 

2.1 Nasopharyngeal Carcinoma (NPC) ................................................................................. 5 

2.1.1 Anatomical position of NPC ........................................................................................ 5 

2.1.2 Histopatholgy of NPC .................................................................................................. 5 

2.1.3 Epidemiology of NPC .................................................................................................. 7 

2.1.4 Etiology of NPC ......................................................................................................... 10 

2.1.4.1 EBV infection .......................................................................................................... 11 

2.1.4.2 Dietary factor ........................................................................................................... 12 

2.1.4.3 Environmental factors.............................................................................................. 14 

2.1.4.4 Gene abnormalities .................................................................................................. 15 

2.1.5 Clinical presentations, signs and symptoms ............................................................... 17 

2.1.6 Treatments .................................................................................................................. 18 

2.1.7 Prognostic biomarkers ................................................................................................ 20 



 

viii 
 

2.2 Meta-analysis ................................................................................................................. 22 

2.2.1 Background of Meta-analysis ..................................................................................... 22 

2.2.2 Principle of meta-anlaysis  ......................................................................................... 23 

2.3 Multigene NPC prognosis assessment model ................................................................ 32 

2.3.1 Rationale of integration of individual studies into a model........................................ 32 

2.3.2 Integration of prognostic biomarkers for NPC prognosis assessment model  ............ 35 

2.4 Generate molecular pathway model .............................................................................. 37 

2.4.1 Prognostic biomarkers included ................................................................................. 38 

2.4.1.1 Cyclooxygenase-2 (COX-2) .................................................................................... 39 

2.4.1.2 Latent membrane protein 1 (LMP1) ........................................................................ 40 

2.4.1.3 Vascular endothelial growth factor (VEGF) ........................................................... 41 

2.4.1.4 Epidermal growth factor receptor (EGFR)  ............................................................. 42 

2.4.1.5 Lactate dehydrogenase (LDH)................................................................................. 43 

2.4.1.6 C-reactive protein (CRP) ......................................................................................... 44 

2.4.1.7 Excision repair cross-complementation group 1 (ERCC1)  .................................... 45 

2.4.1.8 Hypoxia-inducible factor-1 alpha (HIF-1α) ............................................................ 46 

2.4.1.9 Lysly oxidase (LOX)  .............................................................................................. 47 

2.4.1.10 Matrix metalloproteinase 9 (MMP9)  .................................................................... 48 

 

CHAPTER 3: META-ANALYSIS OF CYCLOOXYGENASE-2 (COX-2) IN 

NASOPHARYNGEAL CARCINOMA (NPC)  .............................................................. 50 

3.1 Introduction ................................................................................................................... 50 

3.2 Methods ......................................................................................................................... 52 

3.2.1 Literature search strategy............................................................................................ 52 

3.2.2 Study criteria (inclusion and exclusion criteria) ......................................................... 52 

3.2.3 Method of data retrieves (data extraction) .................................................................. 53 

3.2.4 Statistical analysis ...................................................................................................... 53 



 

ix 
 

3.3 Results ........................................................................................................................... 54 

3.3.1 Eligible studies ........................................................................................................... 54 

3.3.2 Correlation between COX-2 expression and survival outcome ................................. 56 

3.3.3 Correlation between COX-2 expression and treatment response ............................... 56 

3.3.4 Assessment of publication bias................................................................................... 60 

3.3.5 Limitations .................................................................................................................. 60 

3.4 Discussion ...................................................................................................................... 61 

 

CHAPTER 4: CONSTRUCTION OF MULTIGENE NASOPHARYNGEAL 

CARCINOMA (NPC) PROGNOSIS ASSESSMENT MODEL  .................................. 64 

4.1 Introduction  .................................................................................................................. 64 

4.2 Methods ......................................................................................................................... 65 

4.2.1 Literature search strategy............................................................................................ 66 

4.2.2 Study criteria (inclusion and exclusion criteria) ......................................................... 66 

4.2.3 Method of data retrieves (data extraction) .................................................................. 67 

4.2.4 Statistical analysis ...................................................................................................... 67 

4.3 Results and discussion ................................................................................................... 71 

4.3.1 Eligible studies ........................................................................................................... 71 

4.3.2 Statistical analysis ...................................................................................................... 74 

4.3.3 Limitations .................................................................................................................. 86 

 

CHAPTER 5: CONSTRUCTION OF NASOPHARYNGEAL CARCINOMA     

(NPC) MOLECULAR NETWORK MODEL ................................................................ 87 

5.1 Introduction ................................................................................................................... 87 

5.2 Methods ......................................................................................................................... 88 

5.3 Result and discussion .................................................................................................... 88 

 

 



 

x 
 

CHAPTER 6: GENERAL DISCUSSION  ...................................................................... 97 

 

CHAPTER 7: CONCLUSION AND FUTURE RECOMMENDATIONS  ............... 104 

7.1 Conclusion  .................................................................................................................. 104 

7.2 Future recommendations ............................................................................................. 105 

 

REFERENCES ................................................................................................................ 106 

APPENDICES .................................................................................................................. 157 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

xi 
 

LIST OF TABLES 

  Page 

   

   

Table 2.1 The histopathological classification of NPC by WHO in 1991. 7 

Table 2.2 The number of new NPC cases at nasopharynx for different races 

at all age group in Malaysia.  

9 

Table 2.3 Different outcomes of the different prognostic biomarkers in 

NPC via meta-analysis studies.  

37 

Table 3.1 Characteristics of all identified studies for meta-analysis of 

COX-2 in NPC.  

57 

Table 4.1 Assignment of NPC prognosis assessment risk score in relation 

to Ln of HRs.  

67 

Table 4.2 The description for the designated cell and formula used in 

Microsoft Excel. 

69 

Table 4.3 The description for the designated cell and formula used in 

Microsoft Excel. 

70 

Table 4.4 Characteristics of selected studies for the development of 

multigene NPC prognosis assessment model.  

73 

Table 4.5 The total possible combinations for over-expression of different 

biomarkers. 

77 

Table 5.1 The inhibitors targeting different prognostic biomarkers in the 

network model. 

95 

 

  



 

xii 
 

LIST OF FIGURES 

  Page 

   

Figure 2.1 A diagram of the nasopharynx, presenting the common site of 

NPC occurrence, the Fossa of Rosenmuller. 

6 

Figure 2.2 The diagram of the regions that depicted high incidence rate of 

NPC in China. 

8 

Figure 2.3 A flow chart of study selection process in meta-analysis. 25 

Figure 2.4 Flow diagram of establishing of hypothesis to testing of 

hypothesis.  

34 

Figure 3.1 Selection of studies to obtain final studies for meta-analysis of 

COX-2 in NPC.  

55 

Figure 3.2 A forest plot depicting a meta-analysis estimating COX-2 

expression with OS in NPC [hazard ratio (HR) estimated in 

random model]. 

58 

Figure 3.3 A forest plot depicting a meta-analysis estimating COX-2 

expression with treatment response in NPC [odd ratio (OR) 

estimated in random model]. 

59 

Figure 3.4 A funnel plot to detect publication bias and systemic 

heterogeneity for meta-analysis of COX-2 in NPC. 

60 

Figure 4.1 Flow chart of studies selection for the development of multigene 

NPC prognosis assessment model.  

72 

Figure 4.2 Layout of the empty setup of multigene NPC prognosis 

assessment model in Microsoft Excel sheet. 

75 



 

xiii 
 

Figure 4.3 Layout of the empty results of NPC prognosis biomolecular 

profile in Microsoft Excel sheet.   

75 

Figure 4.4 Output of multigene NPC prognosis assessment model when 

LMP1 is over expressed. 

79 

Figure 4.5 Pooled hazard ratio, lower and upper confidence intervals and 

total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when LMP1 is over expressed. 

79 

Figure 4.6 Output of multigene NPC prognosis assessment model when 

LMP1, VEGF, EGFR, ERCC1 and MMP9 are over expressed. 

82 

Figure 4.7 Pooled hazard ratio, lower and upper confidence intervals and 

total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when LMP1, VEGF, EGFR, 

ERCC1 and MMP9 are over expressed. 

82 

Figure 4.8 Output of multigene NPC prognosis assessment model when all 

the biomarkers are over expressed. 

84 

Figure 4.9 Pooled hazard ratio, lower and upper confidence intervals and 

total NPC prognosis assessment risk score in multigene 

prognosis assessment model when all the biomarkers are over 

expressed. 

84 

Figure 5.1 A molecular pathway involved by LMP1, CRP, COX-2, VEGF, 

MMP9 and EGFR in NPC oncogenesis (yellow boxes 

represented pathways and blue boxes represented prognostic 

biomarkers). 

90 



 

xiv 
 

Figure 5.2 Molecular activity of COX-2 in NPC oncogenesis (blue box 

represented prognostic biomarker). 

90 

Figure 5.3 A molecular pathway network involved by HIF-1α with LDH, 

VEGF and LOX in NPC oncogenesis (blue boxes represented 

prognostic biomarkers). 

92 

Figure 5.4 A molecular pathway involved by ERCC1 after cisplatin-based 

chemotherapy that induced NER and caused anti-apoptosis in 

NPC (yellow box represented pathway and blue box represented 

prognostic biomarker). 

92 

Figure 5.5 The NPC molecular network model comprised of ten biomarkers 

involved in the generation of computational multigene NPC 

prognosis assessment model (yellow boxes represented 

pathways and blue boxes represented the prognostic 

biomarkers). 

94 

Figure 6.1 The overall flow diagram of NPC prognosis study. 

 

103 

 

 
 

 

 

  



 

xv 
 

LIST OF ABBREVIATIONS 

 

5-FU  5-fluorouracil 

ASR Age-adjusted rate 

BAPN β-aminopropionitrile 

BRD7 Bromodomain-containing protein 7 

χ2 Chi-squared 

CCRT Concurrent chemoradiotherapy 

CIs Confidence intervals  

CRP C-reactive protein 

CRT Chemoradiotherapy 

CTAR 1 and 2 C-terminal activating regions 1 and 2 

CXCL 5, 9 and 10 CXC motif chemokine ligand 5, 9 and 10  

COX-2 Cyclooxygenase-2  

DNA Deoxyribonucleic acid  

EBNA EBV-determined nuclear antigens  

EGF Epidermal growth factor  

EGFR Epidermal growth factor receptor 

EBV Epstein-Barr virus  

ERCC1 Excision repair cross-complementation group 1 

ECM Extracellular matrix  

FN1 Fibronectin 1  

Gy Gray  

HRs Hazard ratios  



 

xvi 
 

HNSCC Head and neck squamous cell carcinoma  

HIF-1α Hypoxia-inducible factor-1 alpha  

IC Induction chemotherapy 

ICRT Induction chemoradiotherapy,  

IHC Immunohistochemistry 

IL-6 Interleukin-6  

ISH RNA-in situ hybridization 

I2 I-squared  

LDH Lactate dehydrogenase  

LTF Lactotransferrin  

LMP1 Latent membrane protein 1  

logHR Log hazard ratio  

LOH Loss of heterozygosity  

LOXL1–4 LOX-like proteins 1-4 

MMP9 Matrix metalloproteinase 9  

MTA1 Metastasis-associated protein 1 

MAP Mitogen-activated protein  

NPC Nasopharyngeal carcinoma  

NGX6 Nasopharyngeal carcinoma associated gene 6  

Nor1 Neuron-derived orphan receptor 1  

NSAIDs Non-steroidal anti-inflammatory drugs 

NR Not related 

NF-κb Nuclear factor κ-B  

OR Odd ratio 



 

xvii 
 

OSCC Oral squamous cell carcinoma 

OS Overall survival  

PI3K Phosphoinositol-3-kinase  

PRISMA Preferred Reporting Items for Systematic Reviews and Meta-

Analyses  

PD-L1/ PD-1 Programmed cell death ligand-1/  Programmed cell death-1 

PTGS2 Prostaglandin-endoperoxide synthase 2  

PGE Prostaglandins  

QUOROM Quality Of Reporting of Meta-analyses 

RTCs Randomized controlled trials  

RR Risk ratio  

RT Radiotherapy 

RT-PCR  Real-time polymerase chain reaction 

SPLUNC1 Short palate, lung, and nasal epithelium clone 1  

SNP Single nucleotide polymorphism  

SMD Standardized mean difference  

TPZ Tirapazamine  

TGF-α Transforming growth factor alpha  

TSGs Tumor suppressor genes  

UBAP1 Ubiquitin Associated Protein 1  

Var Variance  

VEGF Vascular endothelial growth factor  

WHO World Health Organization  

Zn2+ Zinc  



 

1 

 

CHAPTER 1 

INTRODUCTION 

 

Nasopharyngeal carcinoma (NPC) is the formation of malignancy in the tissue of the upper 

section of pharynx behind the nose (He et al., 2016), more precisely detected at the fossa of 

Rosenmüller (Lee, Laufer, Ove, Foote & Bonner, 2012). NPC is rare in the Western 

hemisphere but widely distributed in Southeast Asia countries and in China (Chang & Adami, 

2006). In Penisular Malaysia, NPC was utmost by the Chinese, followed by the Malays and 

the Indians (Prasad & Rampal, 1992). In Sarawak, the Bidayuh indigenous group showed 

the highest incident rate with age-adjusted rate (ASR) of 31.5, which was 50% higher than 

that in Hong Kong (Devi, Pisani, Tang & Parkin, 2004). Throughout Malaysia, it is reporting 

around 4000 new cases every year (Azizah, Nor-Saleha, Noor-Hashimah, Asmah & Mastulu, 

2015). The concurrent chemoradiotherapy (CCRT) with or without neoadjuvant/adjuvant 

cisplatin-based chemotherapy are the current improved standard treatment protocol 

administrated to locally advanced NPC patients (Fendri et al., 2009; Wu et al., 2014). The 

major causes of death among NPC patient are due to local recurrence and distant metastasis, 

because a large number of patients reached advanced stage and/or metastasis at the time of 

diagnosis (You et al., 2016). Thus, prognosis is important to better increase the survival rate 

of NPC patients.  

 

A number prognostic biomarkers such as excision repair cross-complementation group 1 

(ERCC1) (Yang et al., 2019), latent membrane protein 1 (LMP1) (Chen et al., 2015), 

vascular endothelial growth factor (VEGF) (Wang et al., 2018), epidermal growth factor 

receptor (EGFR) (Sun et al., 2013), C-reactive protein (CRP) (Fang, Xu, Wu, Zhang, Li et 
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al., 2017), hypoxia-inducible factor-1 alpha (HIF-1α) (Xie et al., 2018), lactate 

dehydrogenase (LDH) (Zhai, Gu, Zhai, Wang & Zhang, 2017), lysyl oxidase (LOX) (Zhang, 

Wu, Ye & Xue, 2018) and matrix metalloproteinase 9 (MMP9) (Liao, Huang, Zhu, Li, 

Huang & He, 2016) were identified as significant prognostic indicators to determine overall 

survival (OS) of NPC patients. Comprehensive studies on these biomarkers through meta-

analysis have been carried out to draw a more definitive conclusion for the above biomarkers 

too. Over expression of cyclooxygenase-2 (COX-2) was frequently identified as a prognostic 

biomarker in different cancers such as breast cancer (Jana et al., 2014), colorectal cancer 

(Peng, Zhou, Wang, Mou & Zhao, 2013) and pancreatic cancer (Juuti, Louhimo, Nordling, 

Ristimaki & Haglund, 2006). Studies of COX-2 as prognostic biomarker in NPC have also 

been done (Pan et al., 2008; Loong et al., 2009). However, the sample sizes of these studies 

are often small (n=35 and n=58) and the results are conflicting. Even though meta-analysis 

of COX-2 in NPC regarding lymph node metastasis has been carried out (Yang et al., 2017), 

a more conclusive meta-analysis of COX-2 in NPC as prognostic biomarker regarding 

survival outcome was not done before this. Thus, this study aims to determine the prognostic 

significance of COX-2 in NPC in term of survival outcome using the approach of meta-

analysis.  

 

There are a numbers of existing NPC prognosis assessment models such as prognostic 

nomogram integrating clinical characteristic and hematological/inflammatory biomarkers 

(Li et al., 2016; Li et al., 2018). Prognostic models to determine death and distant metastasis, 

disease progression and survival in non-endemic area of China were also reported (Zhang et 

al., 2013; Zang et al., 2016; Zhao et al., 2019).  However, the sample sizes involved in the 

construction of all of these models were often relatively small. For example, study done by 
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Zhao and colleagues contained sample size of n=103 only. The patients involved in each of 

the studies were solely from a particular area and thus, these models only represented and 

reflected the response on the isolated location of studies. The usage of these models was 

therefore restricted as these models possessed little/no medical uses in other regions. 

Additionally, these models focused on clinical characteristic and had little emphasis on the 

functional genetic prognostic biomarkers. Thus, this study also aims to develop a multigene 

NPC prognosis assessment model focusing on functional genetic biomarkers by pooling 

different individual NPC prognostic meta-analysis studies computationally via modification 

of meta-analysis approach.  

 

Meta-analysis is employed in this study as it provides a more significant and precise result 

compared to single individual studies. Meta-analysis is a systematic, formal, and quantitative 

approach and study design used to identify, combine and synthesis the outcomes of previous 

relevant research. This approach is useful to draw conclusions about a body of studies 

(Haidich, 2010). The current approach used to conduct meta-analysis is by referring to 

Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher, 

Liberati, Tetzlaff, Altman & The PRISMA Group, 2009) (refer to Appendix A, page 157-

159). By using this method, conflicting results of different individual studies on COX-2 in 

NPC regarding the OS are pooled and analysed under the same platform to reflect a more 

significant and relevant output. By modifying PRISMA, different meta-analysis studies 

focusing on different prognostic factors in NPC are grouped into one platform. This is to 

integrate isolated aspects of different studies into a more dynamic system and this allows the 

generation of multigene NPC prognosis assessment model that is based on various functional 

genetic data. Instead of pooling individual studies that focus on the prognostic significance 
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of single biomarkers in NPC, pooling of meta-analysis studies of different prognostic 

biomarkers is therefore more significant and powerful. To our knowledge, this is the first 

time where modification of PRISMA is applied to generate multigene NPC prognosis 

assessment model containing different functional genetic biomarkers.  

 

To further understand and explain the multigene NPC prognosis assessment model designed 

computationally based on data deposited in the databases, a molecular pathway network 

among the different biomarkers is generated to postulate the physiological interactions 

among the different biomarkers. This network can clearly display the connections between 

the different biomarkers in the process of NPC carcinogenesis and hence, explain the 

complex and dynamic interactions of the pooled biomarkers in the multigene NPC prognosis 

assessment model.  

 

Herein, the objectives of this project are: 

i. To determine the prognostic significance of COX-2 in NPC in term of OS 

reflected by hazard ratios (HRs) via meta-analysis. 

ii. To generate multigene NPC prognosis assessment model focusing on functional 

genetic biomarkers by pooling different individual NPC prognostic meta-

analysis studies via modification of meta-analysis approach. 

iii. To explain the multigene NPC prognosis assessment model by generating a 

molecular pathway network among the different biomarkers. 
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CHAPTER 2 

LITERATURE REVIEW 

 

2.1 Nasopharyngeal Carcinoma (NPC) 

2.1.1 Anatomical position of NPC  

Nasopharyngeal carcinoma (NPC) is characterized by the malignancy in the tissue of the 

upper section of pharynx behind the nose (He et al., 2016). NPC is a non-lymphomatous 

squamous cell carcinoma that particularly occurs in the mucosa epithelial lateral cell lining 

(including squamous, ciliated pseudostratified columnar and transitional epithelium) (Hong 

& Kuo, 2003) and the minor salivary glands of the nasopharynx (Sham et al., 1990; Effert 

et al., 1992; Zong, 2001; Lang, Gao, Guo, Zhao & Zhang, 2014; You et al., 2016). Refer to 

Figure 2.1, the precise and common site of tumour growth of NPC is the fossa of 

Rosenmüller, the posteromedial to the medial crura of the Eustachian tube, formed by the 

intersection of superior and posterior walls of nasopharynx (Sham et al., 1990; Jeyakumar, 

Brickman & Doerr, 2006; Lee et al., 2012).  

 

 

2.1.2 Histopatholgy of NPC  

According to World Health Organisation (WHO), NPC is histologically subclassified into 

three subtypes, namely the keratinizing differentiated squamous cell carcinoma (WHO I or 

Type I), nonkeratinizing carcinoma which can be sub-divided into nonkeratinizing 

differentiated (WHO II or Type II/IIa) and nonkeratinizing undifferentiated carcinoma 

(WHO III or Type III/IIb) and basaloid squamous cell carcinoma (Shanmugarantnam & 

Sobin, 1993; Barnes, Eveson, Reichart & Sidransky, 2005). Nonkeratinizing 
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undifferentiated (WHO III) is exceptionally high in Asia whereas keratinizing differentiated 

(WHO I) and nonkeratinizing differentiated carcinoma (WHO II) are utmost in western 

countries (Fandi, Altun, Azli, Armand & Cvitkovic, 1994). The nonkeratinizing 

undifferentiated subtype (WHO III) is found to be highly infected by Epstein-Barr virus 

(EBV). It is sensitive to chemotherapy and radiotherapy treatment, showing better tumour 

control rate. WHO III subtype that was predominantly found in Asian NPC appeared to show 

higher extent of distant metastasis compare to differentiated carcinoma subtypes (Thompson, 

2007). 

 

 

 

Figure 2.1: A diagram of the nasopharynx, presenting the common site of NPC 

occurrence, the Fossa of Rosenmuller (The Ear Nose and Throat Clinic, 2011). Adapted 

from https://www.entspecialist.sg/doctors-corner/?p=98  
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Table 2.1: The histopathological classification of NPC by WHO in 1991 (Barnes, Eveson, 

Shanmugarantnam & Sobin, 1993).  

WHO I WHO II WHO III 

Type I Type II/IIa Type III/IIb 

Keratinizing 

Differentiated 

Nonkeratinizing 

Differentiated 

Nonkeratinizing 

Undifferentiated 

Utmost in western 

countries 

Utmost in western 

countries 

Exceptionally high in Asia 

 

 

2.1.3 Epidemiology of NPC  

Nasopharyngeal carcinoma (NPC) that is known as one of the leading cancers, has an 

incidence rate that varied regionally, showing unique geographical distribution (Ferlay et al., 

2010). NPC comprised 0.7% of all cancers documented and 2% of all head and neck 

carcinomas (Union for International Cancer Control, 2014). Globally, its incidence rate 

increased from about 65,000 cases yearly (Ferlay et al., 2010) to approximately 86,000 cases 

yearly (Mahdavifar et al., 2016). NPC is identified as the 23rd most common cancer globally 

in 2018, with a total of 129,000 new NPC cases in that year (Bray, Ferlay, Soerjomataram, 

Siegel, Torre & Jemal, 2018). NPC is rare and uncommon outside endemic areas, such as in 

North America and Europe, the Western hemisphere. One is diagnosed with NPC among 

100,000 population among the Caucasian individuals from North America and Europe 

annually (Fandi, Altun, Azli, Armand & Cvitkovic, 1994; Jeyakumar, Brickman & Doerr, 

2006, Breda et al., 2010). However, NPC incidence rate is over 20 cases per 100,000 people 

in endemic regions including Southern China, Southeast Asia and the Middle East (Chang 

& Adami, 2006). The Artic is included later into the list of NPC endemic regions (Wu, Li & 

Pan, 2018). The top five countries that show the highest incidence rate are China, Indonesia, 
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Vietnam, India and Malaysia, all five countries from the continent of Asia (Salehiniya, 

Mohammadian, Mohammadian-Hafshejani & Mahdavifar, 2018). In China alone, there were 

68,272 new NPC cases reported (Mahdavifar, Ghoncheh, Mohammadian-Hafshejani, 

Khosravi & Salehiniya, 2016).  Rate of NPC was high among the Chinese living in the 

Southern part, especially in Guangdong, Guangxi, Hunan and Fujian (National Cancer 

Control Office, 1979). Guangdong, Guangxi and Hunan remained the top three provinces in 

China that showed the highest NPC incidence rate, whereas Fujian ranked the sixth after 

Jiangxi and Hainan (Wei et al., 2017). Constant high incidence rate in Guangdong and 

Guangxi for almost 30 years exhibits the unique prevalence feature of NPC, that NPC is 

distributed in distinctive regional aggregation manner. Figure 2.2 shows the region with high 

NPC incidence rate. According to National Cancer Registry, NPC is the fourth most 

common cancer in Malaysia, after breast cancer, colorectal cancer and lung cancer (IARC, 

2018).  

 

Figure 2.2: The diagram of the regions that depicted high incidence rate of NPC in China 

(Yu & Yuan, 2002). Adapted from https://doi.org/10.1016/S1044579X02000858 

https://www.sciencedirect.com/science/article/pii/S2210909916301539#!
https://www.sciencedirect.com/science/article/pii/S2210909916301539#!
https://www.sciencedirect.com/science/article/pii/S2210909916301539#!
https://www.sciencedirect.com/science/article/pii/S2210909916301539#!
https://www.sciencedirect.com/science/article/pii/S2210909916301539#!
https://www.sciencedirect.com/science/article/pii/S2210909916301539#!
https://doi.org/10.1016/S1044579X02000858
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The Cantonese group reflected the highest incidence rate compare to Hakka, Hokkien and 

Chiu Chau people in the Southern regions of China (Yu, Ho, Ross & Henderson, 1981; Li, 

Yu & Henderson, 1985; Jia et al., 2010). NPC was found to be more prevalence and saturated 

among the Chinese than other community in the world such as the USA (Fandi, Altun, Azli, 

Armand & Cvitkovic, 1994; Wang, Zhang & Ma, 2013). In Singapore, NPC cases were 

utmost by Chinese (959 cases), followed by the Malays (88 cases) (National Registry of 

Diseases Office, 2017). In Penisular Malaysia, NPC was dominated by the Chinese, followed 

by the Malays and the Indians (Prasad & Rampal, 1992). The same trend was observed from 

year 2007-2011 as documented in Malaysian National Cancer Registry Report 2007-2011. 

The number of new NPC cases for different races in Malaysia was depicted in Table 2.2 

(Azizah, Nor-Saleha, Noor-Hashimah, Asmah & Mastulu, 2015). In Sarawak, one of the 

states in Malaysia located on the island of Borneo, the Bidayuh indigenous group showed 

the highest incident rate with age-adjusted rate (ASR) of 31.5, which was 50% higher than 

that in Hong Kong (Devi et al., 2004). The high ASR in Bidayuh indigenous was found to 

be associated with high incidence of family history of NPC (Yeo, Beh, Tan & Pei-Jye, 2018). 

In Kuching, one of the cities in Sarawak, Chinese and Malays showed the second and third 

highest NPC incidence rate after Bidayuh indigenous (Sim, Tiong, Subramaniam, Ong & 

Teh, 2010).  

 

Table 2.2: The number of new NPC cases at nasopharynx for different races at all age group 

in Malaysia (Azizah, Nor-Saleha, Noor-Hashimah, Asmah & Mastulu, 2015).  

 

 Chinese Malays Indians Others Total 

Male 2104 959 44 678 3785 

Female 611 401 25 268 1305 
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Globally, NPC was the 18th and 22nd most common cancer in male and female respectively 

(Bray, Ferlay, Soerjomataram, Siegel, Torre & Jemal, 2018). Independent of race–ethnicity, 

rates of NPC were higher in men than women (Parkin et al., 1997). In Singapore, NPC was 

the ninth most common cancer among the male with a total of 1073 new cases from 2011-

2015, accounting for 3.4% of all cancers in male. NPC was not the top ten most frequent 

cancer in Singapore female (National Registry of Diseases Office, 2017). A similar trend 

was observed in Hong Kong, with higher incidence rate in male than female, that was 20 to 

30 per 100,000 and 15 to 20 per 100,000 in male and female respectively (Parkin, Whelan, 

Ferlay, Raymond & Young, 1997; Wei et al., 2010). There were 20,060 male and 7,519 

females identified during the period 1983-2008 in Hong Kong (Xie, Yu, Tse, Mang & Yue, 

2013). The trend was further supported by incidence rate in China, with the occurrence ratio 

of 2-3:1 for male:female (Chang & Adami, 2006). ASR per 100,000 in China for male and 

female were 4.3 and 1.7 respectively (Bray, Ferlay, Soerjomataram, Siegel, Torre & Jemal, 

2018). In Malaysia, the total number of new male and female NPC cases were 3785 and 

1305 (Azizah, Nor-Saleha, Noor-Hashimah, Asmah & Mastulu, 2015). ASR for both sexes, 

male and female were 6.3, 9.5 and 3.0 per 100,000 population respectively (Salehiniya, 

Mohammadian, Mohammadian-Hafshejani & Mahdavifar, 2018), reflecting a higher risk of 

NPC in male than female. However, in Sarawak, the female Bidayuh was reported to have 

higher risk of developing NPC than the male (Tan et al., 2018).  

 

 

2.1.4 Etiology of NPC  

Nasopharyngeal carcinoma (NPC) that has different incidence rate in different regions 

showing a geographical pattern is found to be closely related with a complex interaction of 
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viral (Epstein-Barr virus (EBV) infection), risky dietary (salted fish consumption), 

environmental (wood dust) and  genetic (risky genotypes) factors that contribute to its 

carcinogenesis (Chan, 2010). The detailed molecular pathogenesis of NPC involves 

alteration of multiple genes in terms of expression and function, alteration of signalling 

pathways and alteration in the expression of oncogenes and tumour suppressor genes. Early 

stage of tumour development in NPC usually occurs due to invasion of NPC cell to 

surrounding tissue or metastasis to cervical lymph (Cho, 2007; Chou et al., 2008).  

 

 

2.1.4.1 EBV infection 

Nasopharyngeal carcinoma (NPC) is a virus-driven carcinoma (Young & Rickinson, 2004;  

Chen et al., 2014), predominantly caused by Epstein-Barr virus (EBV) infection. EBV is 

frequently found in Type IIb NPC than other subtypes (Thompson, 2007). This important 

primary etiology of NPC has been proven by molecular analyses and serological research 

(Wu et al., 2003; Chang & Adami, 2006).  

 

EBV, as the name reflected, was discovered in 1964 by Epstein, Achong, and Barr from 

cultured cells of Burkitt’s lymphoma tissue using electron microscope. EBV from the Herpes 

Virus family was then identified six years later in the cultured cells of NPC tissue (Bar-Sela, 

Kuten, Minkov, Gov-Ari & Ben-Izhak, 2004). EBV infection is subclinical at the primary 

stage but involved in different malignancies at the later stage (Chang & Adami, 2006). EBV 

that could be spread by saliva was the first identified human virus that involved in 

carcinogenesis. EBV causes latent infection of B lymphocytes after infecting and replicating 

in the stratified squamous epithelium of the nasopharynx (Thompson & Kurzrock, 2004; 
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Zhou et al., 2007). Incorporation of clonal viral DNA into the host genome via the infected 

stratified squamous epithelium of the nasopharynx activates NPC malignancy (Jeyakumar, 

Brickman & Doerr, 2006).  

 

Elevated IgA class of EBV-associated antigens (Cohen, 2000) and consistent identification 

of clonal EBV genome in NPC has proven the association of EBV in NPC tumorigenesis 

(Zhou et al., 2007). Hence, EBV can be used as a diagnostic factor (Parkin, Bray, Ferlay & 

Pisani, 2005). EBV is also proposed as prognostic indicator as EBV is reported to correlate 

with treatment response and may predict disease recurrence (Lo et al., 1999; Lo et al., 2000;  

Lin et al., 2004). This can be done through evaluation of plasma EBV DNA level via real-

time polymerase chain reaction (RT-PCR) in which the result obtained is useful in 

monitoring NPC progression (Zhang, Shu, Song, Li, Huang & Ma, 2016).   

 

 

2.1.4.2 Dietary factor  

Besides viral infection of Epstein-Barr virus (EBV), risk of nasopharyngeal carcinoma (NPC) 

is highly associated with non-viral exposure too. For example, diet with frequent intake of 

Cantonese-style salt-preserved fish was found to be associated with NPC in the endemic 

areas (Chang & Adami, 2006). This etiological factor was first identified by Ho in 1971, a 

radiation oncologist from Hong Kong (Ho, 1971). This finding was then further supported 

by other studies (Hildesheim & Levine, 1993; Klein, 2002; Chan, Teo & Johnson, 2002;  

Spano et al., 2003).  
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Studies in the communities of Tianjin (Ning, Yu, Wang & Henderson, 1990), Shanghai 

(Yuan et al., 2000), Guangxi (Yu, Mo, Chong, Yeh & Henderson, 1988;  Zheng et al., 1994), 

Guangzhou (Ning et al., 1990), Hong Kong (Yu, Ho, Lai & Henderson, 1986) and Malaysia 

(Armstrong, Yu & Henderson, 1983;  Armstrong et al., 1998; Yuan et al., 2000) showed that, 

frequent consumption of salted-fish was reported to increase NPC risk two to three folds. 

Experiments in rats have also proven the carcinogenic potential of salt-preserved fish. Salt-

preserved fish caused nasal and nasopharyngeal tumour malignancy in rats in a dose-

dependent manner (Armstrong et al., 1998; Shao et al., 1988; Yu et al., 1988; Sriamporn, 

Vatanasapt, Pisani, Yongchaiyudha & Rungpitarangsri, 1992; Zheng, Luo, Christensson & 

Drettner, 1994; Yuan et al., 2000).  

 

Salt-preserved fish deteriorate due to inefficient salt preservation, thus causes accumulation 

of carcinogen by increasing the levels of nitrosamines (Ning et al., 1990; Zheng et al., 1994). 

N-nitrosodimethylamine is the predominant nitrosamine compound that accumulates due to 

partial food putrefaction during the preserving process of salt-preserved fish (Bartsch, 

Ohshima, Pignatelli & Calmels, 1992). Besides volatile nitrosamine and high content of 

nitroso compounds, bacterial mutagens, direct genotoxins, and EBV-activating substances 

are also found in salt-preserved fish (Armstrong et al., 1983; Yu et al., 1986; Shao et al., 

1988; Poirier et al., 1989; Jeannel et al., 1990; Yuan et al., 2000). Apart from salt-preserved 

fish, compounds that cause carcinogenesis can also be found in different types of salted 

vegetables and roots/tuber, fermented beans and bean pastes among the Chinese in Guangxi 

(Yu et al., 1988), various fish/shrimps/seafood pastes in the population of Tianjin (Ning et 

al., 1990), salted soy bean and mustard green in Singapore Chinese and salted and fermented 

eggs in Malaysia community (Armstrong et al., 1998). However, Cantonese-style salted fish 
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still utmost other non-fish preserved food as carcinogen to NPC as reported by the 

epidemiological data (Poirier et al., 1989).  

 

The exact underlying mechanisms of nitrosamine in NPC carcinogenesis have not been 

elucidated. It is proposed that high level of nitrate in preserved food reduced to nitrite in the 

saliva. Nitrite elevates the endogenous synthesis of genotoxic chemical carcinogen inducers 

as nitroso-compounds (Yi et al., 1993; Tang, Tang, Tian & Cao, 2012). N-nitrosamines are 

the most commonly found nitroso-compounds. It is activated via hydroxylation to form 

hydroxynitrosamine and it spontaneously removes aldehyde to form alkydiazohydroxide, 

the ultimate carcinogen. It causes carcinogenesis through alkylation of DNA at nucleophilic 

sites of various cellular components (Tricker & Preussmann, 1991).  

 

 

2.1.4.3 Environmental factors 

Other factors that lead to the malignancy of nasopharyngeal carcinoma (NPC) include 

exposure to wood dust and formaldehyde. Inhalation of wood dust particles (5-10 µm) might 

trap and deposit in the nasopharynx, associated with increased risk of NPC (Armstrong et 

al., 2000). Wood dust causes tissue inflammation and injury, impair ciliary clearance and 

leads to mucostasis (Feron et al., 2001). Besides, wood dust also causes direct and indirect 

genotoxicity due to genotoxic agent from wood, such as chromium (Klein et al., 2001). 

Chlorophenol that is present in wood as preservatives also increases the risk of NPC in US 

wood workers as well (Mirabelli et al., 2000). Studies done in UK and US among furniture 

and plywood workers in relation to the risk of NPC agreed with the study done by Armstrong 

(Demers et al., 1995). 
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Formaldehyde is a chemical commonly found in adhesives and preservatives (Armstrong et 

al., 2000). Formaldehyde is identified as carcinogen in nasal cavity of rat and is classified as 

a carcinogen linked to NPC in human (IARC, 1995; Kwon, Kim, Song & Park, 2018). Blair 

showed the association of increased NPC risk among the industrial workers exposed to 

formaldehyde (Blair et al., 1986). Bioinformatic analysis of more than 30 studies via meta-

analysis approach has revealed the relationship of NPC risk to the exposure of formaldehyde, 

in a dose-dependent manner  (Blair, Saracci, Stewart, Hayes & Shy, 1990; Partanen, 1993). 

The underlying mechanism of formaldehyde in carcinogenesis is not clear. However, it is 

suggested that high exposure of formaldehyde forms DNA-protein crosslinks and 

genotoxicity in human nasal cell (Georgieva, Kimbell & Schlosser, 2003).   

 

 

2.1.4.4 Gene abnormalities  

The development and progression of nasopharyngeal carcinoma (NPC) might involve 

accumulation of various genetic alterations over a long period of time (Song et al., 2006). 

Activation of tumour genes and inactivation or suppression of tumour suppressor genes 

contributed to the development of NPC and they have been identified cytogenetically (Effert 

et al., 1992). Tumour suppressor genes that are found to be inactivated  were such as short 

palate, lung, and nasal epithelium clone 1 (SPLUNC1), ubiquitin associated protein 1 

(UBAP1), bromodomain-containing protein 7 (BRD7), neuron-derived orphan receptor 1 

(Nor1), nasopharyngeal carcinoma associated gene 6 (NGX6), and lactotransferrin (LTF) 

(Zhang, Zhou & Xiao, 2008). Whereas, the up-regulated tumour causing genes in NPC are 

such as prostaglandin-endoperoxide synthase 2 (PTGS2), fibronectin 1 (FN1), CXC motif 

chemokine ligand 9 and 10 (CXCL9 and CXCL10) (Jiang, Feng, Dai, Li & Lu, 2017). 
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The major susceptible gene in NPC is p53 mutations that included single-point mutations, 

frame shifts, deletion, duplication, or complete loss of coding sequences (Effert et al., 1992). 

Among these chromosomal abnormalities, deletion on chromosome 3p is extremely 

important because 3p deletion is detected in almost 100% of small-cell lung cancer, renal 

cell carcinoma, and 95–100% of primary NPC biopsies, and even 75% of pre-cancerous 

lesions show loss of heterozygosity (LOH) on 3p. This, therefore implies that 3p deletion is 

an early and critical molecular event in the carcinogenesis and development of NPC and 3p 

should contain some important tumour suppressor genes (TSGs) closely related to NPC 

development (Zhou et al., 2009). Genetic factors as a role that contributes to NPC is 

supported by the high incidence of NPC in the Chinese group in Malaysia which highly 

associated with SPLUNC1 (Yew et al., 2011). 

 

In the context of gene expression, aberrant expression of different genes contributes to NPC 

carcinogenesis. For example, over-expression of cyclooxygenase-2 (COX-2) converts 

arachidonic acid to prostaglandins (PGE) and causes inflammation and anti-apoptosis effect 

in NPC (William et al., 2000; Soo et al., 2005). More than 80% of NPC tumours show over-

expression of latent membrane protein 1 (LMP1). LMP1 causes cell immortalisation and 

involved in NPC oncogenesis (Ding et al., 2005). High expression level of hypoxia-inducible 

factor-1 alpha (HIF-1α) induces the over-expression of lactate dehydrogenase (LDH), 

vascular endothelial growth factor (VEGF) and lysyl oxidase (LOX). High level of VEGF 

and LOX consequently promotes angiogenesis in NPC (Cox & Erler, 2011; Armstrong et 

al., 2012; Cox et al., 2013). Over-expression of matrix metalloproteinase 9 (MMP9) 

degrades extracellular matrix (ECM), accelerating NPC tumour growth and promoting NPC 

progression, invasion and metastasis (Liotta et al., 1980; Horikawa et al., 2000). High 
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expression level of C-reactive protein (CRP) creates chronic inflammatory 

microenvironment that favours metastasis and angiogenesis in NPC (Allin & Nordestgaard, 

2011). Alteration in expression of functional gene products contributes to NPC oncogenesis.    

 

 

2.1.5 Clinical presentations, signs and symptoms 

Nasopharyngeal carcinoma (NPC) is usually misdiagnosed due to the relative inaccessible 

anatomy location of nasopharynx and the late presentation of non-specific clinical signs and 

symptoms. Most of the NPC tumours remain undiagnosed until they have metastasized to 

the cervical lymph nodes and exhibit a symptom known as cervical lymphadenopathy 

(Krishna, James, Kattoor & Balaram, 2004; Jeyakumar, Brickman & Doerr, 2006). Lymph 

node biopsy is often done to properly diagnose NPC after identifying the cervical lymph 

node (Brennan, 2006).  

 

Other early presenting clinical symptoms of NPC are such as difficult breathing (Chan et al., 

2002; Spano et al., 2003), stuffy nose, nasal regurgitation, unilateral nasal obstruction, nasal 

discharge with blood stain/nose bleeding (Vokes, Liebowitz & Weichselbaum, 1997), 

diplopia (double vision), headache (Lo, To & Huang, 2004) and impair head and neck nerves 

(Chan et al., 2017). Ear pain, otitis media and unilateral hearing loss are some other common 

and frequent symptoms because the NPC tumour growth is proximate to the eustachian tubes 

(Brennan, 2006; Thompson, 2007).  

 

Due to the silent anatomical site of nasopharynx, NPC shows higher rate of metastasis 

compared to other head and neck cancer (Thompson, 2007). The tumours grow unnoticed 
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and invaded regional area causing neurologic symptoms (Spano et al., 2003). Therefore, 

large number of newly-diagnosed NPC patients (more than 70%) are diagnosed at the 

advanced stage (clinical stage III and IV) (Razak et al., 2010). Metastasis in advanced NPC 

can spread to bone, lung, mediastinum and sometimes to the liver (Brennan, 2006). 

 

However, due to the late diagnosis of NPC at the advanced stage, the treatment results for 

NPC are not satisfactory. Therefore, it is crucial to improve treatment results by early 

diagnosis and appropriate management. This can be achieved through developing a primary 

NPC screening protocol which can contribute to the early diagnosis and hence improve the 

treatment outcome (Wei & Sham, 2005). 

 

 

2.1.6 Treatments  

Treatments for nasopharyngeal carcinoma (NPC) are through implication of surgery, 

radiotherapy treatment and chemotherapy treatment. Surgery as treatment for NPC is less 

preferred. This is mainly due to the anatomical structural location of nasopharynx, causing 

difficulties in obtaining sufficient exposure and surgical margin. Surgical resection is done 

for persistent lymph node or recurrent lymph node present in the neck (Wilson, 1951; Fee, 

Gilmer & Goffinet, 1988; Fee, Roberson & Goffinet, 1991; Hsu, Ko, Sheen & Chang, 1997). 

This surgery approach is very invasive and is restricted by the tumour size besides the 

location factor. Thus, transnasal and endoscopic approach, the less invasive techniques have 

been successfully applied on selected NPC patients (Chang, Hao, Tsang & Ueng, 2004; 

Danesi, Zanoletti & Mazzoni, 2007; Hao et al., 2008). 
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NPC diagnosed at an early stage (I or II) is highly curable. However, most NPC cases are 

diagnosed at the advanced stage. The tumour site of NPC is hardly reachable and 

nonresectable. Herein, radiotherapy treatment remains the primary and mainstay treatment 

modality of NPC with the 70 Gray (Gy) radiotherapy regime targeting the primary tumour 

and affected lymph nodes (Al-sarraf et al., 1998; Chan et al., 2005; Baujat et al., 2006). The 

radiation fields enclose retropharyngeal lymphatic drainage pathway, adjacent skull base 

besides nasopharynx (Lee, Sham, Poon & Ho, 1989). Radiotherapy treatment do not prevent 

the occurrence of distant metastasis even though it can control primary tumour growth in 

NPC patients (Pick, Maurer & McWilliams, 1974; Deutsch, Mercado & Parsons, 1978; 

Jenkin et al., 1981).  

 

Despite the radio sensitivity of NPC, treatment results for advanced NPC is not satisfactory. 

Advanced stage of NPC patients still suffer from poor survival rate (Teo et al., 1996; Geara 

et al., 1997,  Yeh, Tang, Lui, Huang & Huang, 2005; Rusthoven et al., 2017). According to 

studies done, treatment outcome for NPC patients was significantly improved with addition 

of chemotherapy to radiotherapy treatment (Blanchard et al., 2015). Meta-analysis done on 

individual study design has shown the improved 5-year survival rate among the NPC patients 

receiving chemotherapy treatment in addition of radiotherapy therapy compared to 

radiotherapy treatment alone (Pignon, Bourhis, Domenge & Designe, 2000; Blanchard et al., 

2015).  

 

The concurrent chemoradiotherapy (CCRT) with or without neoadjuvant/adjuvant cisplatin-

based chemotherapy are the current improved standard treatment protocol administrated to 

locally advanced NPC patients (Al-sarraf et al., 1998; Chan et al., 2005; Fendri et al., 2009; 
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Wu et al., 2014; Prawira et al., 2017). Inhibitory effect of cisplatin on the tumour cell recover 

from radiation damage and minor myelosuppression has made cisplatin the first-line 

chemotherapeutic regimen to combat advanced metastatic NPC (Lin et al., 2003; Guigay, 

2008; Chen et al., 2012). Formation of DNA adduct by cisplatin restricts DNA replication 

and transcription (Martin, Hamilton & Schilder, 2008).  

 

However, relapse and metastasis still occur in approximately 20%-50% of patients, the major 

factor causing mortality in NPC patients (Hughes et al., 2000). Therefore, there is a great 

need to identify prognostic factors that correspond to the actual clinical outcome to better 

design or determine molecular targeted therapy for NPC patients to improve treatment 

outcome (Hughes et al., 2000; Dannenberg et al., 2001; Dirix, Nuyts & Van den Bogaert, 

2006). This is however, yet to be done comprehensively.  

 

 

2.1.7 Prognostic biomarkers  

Studies recorded that nasopharyngeal carcinoma (NPC) patients in the same classification 

might depict different biological behaviour and prognosis (Chua, Nicholls, Sham & Au, 

2004; Han et al., 2010). This finding suggests that other prognostic factors, such as ethnicity 

(Su & Wang, 2002) and a larger number of appropriate predictive biomolecular variable that 

corresponded to survival outcome (Shi et al., 2002) should be incorporated and implemented 

to better classified NPC patients, to maximise individualized and tailored treatment response 

and to minimise the adverse effects.  
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The three types of biomarkers used for cancer detection are screening, diagnostic and 

prognostic biomarkers. Biomarkers are recognized, measured, evaluated or monitored 

characteristics shown by alteration in the cellular, biochemical, molecular, genetic, 

pathogenic or pharmacologic process (Nair, Sandhu & Sharma, 2014; Biomarkers 

Definitions Working Group, 2001). NPC is often detected at the later stage. Therefore, 

identification of prognostic biomarkers is more crucial than diagnostic biomarkers to 

increase treatment outcome and overall survival of NPC. A clinically useful and promising 

prognostic biomarker can predict diseases outcome of patients in an independent and 

significant manner. A good biomarker is a marker that can be easily determined and can 

indicate therapeutic effect besides possess high specificity and reproducibility (Vlahou, 

2013).  

 

Examples of NPC prognostic biomarkers are  excision repair cross-complementation group 

1 (ERCC1) (Yang, Wei, Zhou, Wang & Hu, 2019), cyclooxygenase-2 (COX-2) (Yang et al., 

2017), latent membrane protein 1 (LMP1) (Chen et al., 2015), vascular endothelial growth 

factor (VEGF) (Wang, Peng, Wang & Liu, 2018), epidermal growth factor receptor (EGFR) 

(Sun et al., 2013), C-reactive protein (CRP) (Fang, Xu, Wu, Zhang, Li et al., 2017), hypoxia-

inducible factor-1 alpha (HIF-1α) (Xie, Liu, He & Yang, 2018),  programmed cell death 

ligand-1 (PD-L1), programmed cell death-1 (PD-1) (Huang et al., 2019), lactate 

dehydrogenase (LDH) (Zhai, Gu, Zhai, Wang & Zhang, 2017) and matrix metalloproteinase 

9 (MMP9) (Liao, Huang, Zhu, Li, Huang & He, 2016). All the biomarkers listed above 

contain meta-analysis studies regarding overall survival (OS) rate reflected as hazard ratios 

(HRs) except COX-2. Even though meta-analysis of COX-2 in NPC regarding lymph node 

metastasis reflected as odd ratios (ORs) has been carried out (Yang et al., 2017), a more 
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conclusive meta-analysis of COX-2 in NPC as prognostic biomarker regarding OS reflected 

by hazard ratios (HRs) is not done yet. Thus, this study aims to determine the prognostic 

significance of COX-2 in NPC in term of OS reflected by HRs via meta-analysis.  

 

 

2.2 Meta-analysis  

2.2.1 Background of meta-analysis  

Biological information is generated in an increasing rate because more than one study is 

done to investigate the important medical questions. The studies are usually carried out at 

different regions by different research group. However, some of the research findings agree 

with another while some are diverse and conflicting. This phenomenon is undesirable, 

causing clinical decision-making unfavourable. To address this issue, meta-analysis is 

introduced to derive an evidence-based conclusion, useful in medical sciences (Guyatt et al., 

1995; Sackett, Roseberg, Gray, Haynes & Richardson, 1996).  

 

Meta-analysis was first defined by Glass in 1976 in social science study as "The statistical 

analysis of a wide ranging of analysis results from independent studies for the objective of 

assimilating the discoveries” (Glass, 1976).  It is a systematic, formal, and quantitative 

approach and study design used to identify, combine and synthesis the outcomes of previous 

relevant research to draw conclusions about a body of studies (Haidich, 2010). Compared to 

the individual outcome that contribute to the pooled analysis, meta-analysis provides a more 

precise estimate of the effect of treatment (stronger evidence regarding an intervention), the 

effect of risk factor for disease and other outcomes. Due to the advancement of technology, 

meta-analysis which was not regularly used in the medical literature before 1970s emerged 
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and showed exponential growth over time.  Meta-analysis is frequently applied to analyse 

results of randomized controlled trials (RCTs) (Thacker, 1988; Petiti, 1994). Moreover, it 

appears to be the most frequently cited form of clinical research nowadays (Patsopoulos, 

Analatos & Ioannidis, 2005). 

 

 

2.2.2 Principles of meta-analysis 

Previously, meta-analysis was reported according to QUOROM (QUality Of Reporting of 

Meta-analyses). In year 2009, it was replaced by the PRISMA (Preferred Reporting Items 

for Systematic reviews and Meta-analyses) (refer to Appendix A, page 157-159) as a useful 

ungraded guide to report studies on systematic reviews and meta-analyses (Moher et al., 

1999; Moher, Liberati, Tetzlaff & Altman, 2009; Liberati et al., 2009). The changes in the 

guidelines aimed to improve the consistency throughout the systematic review report. Meta-

analysis involved literature search, determination of inclusion and exclusion criteria, 

extraction of study characteristics, statistical analysis, determination of heterogeneity and 

biasness in meta-analysis (Johansen & Thomsen, 2016).  

 

Bias in meta-analysis occurs if relevant studies are not included. Thus, to minimize the risk 

of bias and to increase the significance of the results obtained, all the potential studies are 

retrieved. Literature search using electronic databases is employed to identify published 

papers and abstracts. Examples of major electronic databases are such as PubMed, Science 

Direct, Scopus, and Google Scholar (Haidich, 2010). According to PRISMA statement, a 

full literature search in electronic databases is done in at least one major platform (Liberati 

et al., 2009). PudMed is the recommended database to start literature searching, a rather 
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comprehensive database useful for nucleating search concepts. Relevant papers, books, 

abstract and conference proceedings are hand searched in the database to ensure a 

comprehensive searching. Literature search is further improved with crosschecking of 

references and citations in review papers (Haidich, 2010).   

 

Several thousand of potentially eligible studies might be retrieved via electronic literature 

search. Therefore, eligibility of each study is assessed by the inclusion and exclusion criteria 

in relation to the research question by attaching to PRISMA statement. The inclusion and 

exclusion criteria are ideally determined at the early stage of the development of study 

protocol. Criteria that might be incorporated are such as the number of treatment or exposure 

groups, types of gene expression, number of patients, types of study design and other 

relevant information. Eligible studies are chosen for meta-analysis based on the inclusion 

and exclusion criteria (Haidich, 2010).  

 

There are no universal and standardized inclusion and exclusion criteria for studies selection 

in meta-analysis. However, the rationale and reasons for all criteria are to be clearly provided 

and recorded. Meta-analysis could be done in topics of various fields. Thus, universal criteria 

are not applicable. The process of study selection is summarized and displayed in a flow 

chart. The chart comprises the number of studies included and excluded in each stage. There 

are generally four stages, which are identification, screening, determine eligibility of 

potential studies and final inclusion of selected studies (Haidich, 2010). Figure 2.3 depicts 

an example of the number of studies identified, included and excluded during screening, and 

the reasons for exclusions before identifying the final selected studies.  
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Figure 2.3: A flow chart of study selection process in meta-analysis. 

 

The main characteristics of the included studies are tabulated. The relevance and 

applicability of the included studies could therefore be assessed by reader or other researcher. 

Relevant information with respect to the defined research question are such as the authors 

of the studies, the year of publication, the study size, the follow-up period, the method to 

determine gene expression and type of treatments (Fagerland, 2015).  

 

Risk ratio, hazard ratio, odd ratio and standardized mean difference (SMD) are common 

measures of effect. To estimate the common effect, weighting of studies is included by 

determining the inverse of the variance. This is important because overall estimate effect is 

usually affected less by the smaller studies compare to larger studies. Hence, the value of 

evidence of any study could be determined by study weighting (Egger, Smith & Phillips, 

1997; Haidich, 2010).  
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Before conducting a meta-analysis, one of the two main categories of statistical model for 

meta-analysis, fixed effects models or random effects models, is chosen to determine the 

common effect. The two models differ from one another by the way variability between 

studies is addressed and treated.  

 

In a fixed effects model, existence of variation observed between studies is assumed to occur 

due to random variation. This model considers only sole source of variation and existence 

of one true effect within the study. The effect contributes by each study to the common effect 

is assumed to be the same. The model is therefore homogenous, having the same study 

population, the same subject selection criteria and the same way of treatment application 

(Stangl & Berry, 2000). Example of fixed-effect model is Mantel-Haenzel model (Fidler & 

Nagelkerke, 2013).  

 

In a random-effects model, distribution of effects is assumed to exist and thus, variation and 

heterogeneity between studies are observed. To determine the weighting of studies in this 

model, inverse of the variance and inverse of the heterogeneity parameters are obtained. This 

approach is more appropriate and conservative as it has wider confidence interval compares 

to fixed effect model that only determines the weighting of the study from the inverse of the 

variance (Haidich, 2010). Fixed effect model is less appropriate and less preferable when 

statistical heterogeneity exist in the results of studies in the meta-analysis. The DerSimonian 

and Laird method is the random effects model that is most commonly applied. Random effect 

model is more regularly conducted now due to the computing power of newly improved 

software (Dersimonian & Laird, 1986).  
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For research study focusing on overall survival analysis that implies hazard ratios (HRs), 

pooled HR is determined via the formula proposed by Parmar as shown below (Parmar, Torri 

& Stewart, 1998).  

 

ln(𝐻𝑅𝑖) =

∑
ln⁡(𝐻𝑅𝑖(𝑡))

𝑣𝑎𝑟⁡[ln(𝐻𝑅𝑖(𝑡))]
𝑇
𝑡=1

∑
1

𝑣𝑎𝑟⁡[ln⁡(𝐻𝑅𝑖(𝑡))]
𝑇
𝑡=1

 

 

K is the number of total studies included and i = 1, …, K studies. Pooled ln(HR) is 

determined via the following formula when estimate of log hazard ratio, ln(HRi) and its 

variance, var[ln(HRi)], are available. The overall log hazard ratio is a weighted average of 

the individual ln(HRi), with the weights inversely proportional to the variance of the ln(HRi) 

of each studies. Variance (var) is obtained by the following formula: 

 

Var[Ln(HRi)] = [(Ln (Upper CI) – Ln (Lower CI))/(2*1.96)]^2 

1.96 was the z- score for 95% CI for the HRs. 

 

Pooled HR is obtained by getting the exponential of pooled ln(HR). Pooled lower and upper 

confident intervals (CIs) (Lower CI and Upper CI) are established via the formula stated 

below:  

 

Lower/Upper CI = eln(HR)±⁡√overall⁡Var[Ln(HR)] 

 

After statistical analysis is done, information of individual studies, effect size and the 

corresponding 95% confidence intervals (CIs), amount of study heterogeneity and the pooled 
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result (estimated common effect) are summarized and presented in a forest plot. It is an 

indispensable tool that gave a visual idea of the findings all in one figure. Common effect 

across all studies is shown at the bottom row, represented graphically as diamonds shape, 

where the confidence interval of the common effect is depicted by the widths of the 

diamonds (Dersimonian & Laird, 1986).  

 

Significant statistical heterogeneity happens in the process of meta-analysis due to the 

differences in methodology used and differences in results assessments. Although 

heterogeneity do not suggest a definite variation from true effect, it infers that studies are 

estimating different effect. Heterogeneity involves diverse methodology might indicate 

different degree of bias in the studies (Haidich, 2010). Substantive or clinical implications 

of the heterogeneity is often focused by researcher and thus, the researcher commonly 

considered heterogeneity as I-squared (I2) (Borenstein, Higgins, Hedges & Rothstein, 2017).   

 

Before I2 statistic (also called the index of heterogeneity), variation among studies is 

determined via Cochran’s Q statistic, a sum of the squared deviations of each study’s 

estimate from the overall estimate, weighted by the study’s impact on the overall estimate. 

Cochran’s Q statistic is a chi-squared (χ2) test of heterogeneity with k-1 degrees of freedom 

(df) (equals to the number of studies minus one). However, it is found that, if the number of 

studies is small, Cochran’s Q test is comparatively less significant to identify the 

heterogeneity. Consequently, hypothesis is tested with an α-level of 0.10 (Cochran, 1954;  

Hardy & Thompson, 1998).  
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Heterogeneity and amount of dispersion (Higgins, Thompson, Deeks & Altman, 2003; 

Higgins & Thompson, 2002) of results among different studies are determined and 

quantified by using the inconsistency index I2. I2 defines the total variation across studies in 

percentage based on the Q statistic. Applying the method described by Higgins and 

Thompson (Higgins et al., 2003), uncertainty intervals for I2 (dependent on Q and k) is 

obtained. The I2 statistic is calculated as: 

 

I2 = 100%*(Q-df)/Q 

 

Low heterogeneity is shown by a low I2 value indicating that the effect size is consistent and 

comparable across the studies. Whereas, greater amounts of inconsistency are reflected by a 

larger I2 indicating the varied effect size across studies (Borenstein et al., 2017). The level 

of precision of I2 value is indicated by uncertainty interval. I2 values are between 0 and 100% 

because negative values of I2 are put equal to zero.  I2 values that are indicated with positive 

percentage enable simple detection of heterogeneity. A study is said to have high 

heterogeneity when the I2 value is greater than 75% (Fagerland, 2015).   

 

I2 value is independent and unaffected by effect size and the number of studies in the meta-

analysis. Thus, even the number of studies is different, comparison among different analysis 

is still allowed by I2 values (Borenstein et al., 2017). I2 statistic is less affected by the number 

of studies incorporated compared with other methods used to determine the heterogeneity. 

Unlike Cochran’s Q statistic, I2 statistic remains stable if only few studies are combined. I2 

statistic reflects a logical and readily interpretable metric (Huedo-Medina, Sanchez-Meca, 

Marin-Martinez & Botella, 2006).  
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Determination of heterogeneity and identification of sources of variation of the selected 

studies in meta-analysis are important. Bias in meta-analysis arise due to several factors 

(Haidich, 2010). First factor being that, not all research findings are published. This scenario 

is known as publication bias. Some or even large numbers of studies are not published as 

some of the research are categorized as negative studies, reporting small studies with non-

significant or “negative” results. This type of researching is usually having little or no 

commercial value. On the other hand, large studies with significant and positive results and 

great commercial values are often published. Unpublished research findings which are 

possibly different from published data could not be found through computer searching. This 

phenomenon leads to potential bias in meta-analysis studies (Haidich, 2010).  

  

Another type of bias that might exist within meta-analysis study is reporting bias. This 

condition arises when the studies are not completely conducted due to protocol failure or 

treatment failure. Some studies have missing subjects which could actually yield important 

results. According to previous research done, intervention in medicine was found to be 

affected by missing studies (Chan, Hrobjartsson, Haahr, Gotzsche & Altman, 2004; Dwan 

et al., 2008). Thus, all potential studies are collected to ensure the most significant and 

appropriate meta-analysis. 

 

Several efforts are done to minimize the potential bias existed from meta-analysis studies.  

For examples, searching of unpublished findings, investigating of graduate dissertations, 

crosschecking of the references and citations in review papers. These provide a more 

extensive and far-reaching search. It is almost impossible to find entirely every relevant 
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study on a subject even though the ideal objective of meta-analysis is to find and pooled all 

studies that meet the inclusion criteria (Haidich, 2010).   

 

Publication bias is assessed systematically via several methods. Funnel plot is the most 

commonly used tool to identify publication bias in the form of missing studies, especially in 

small study design (Sterne et al., 2011). Funnel plot was a simple graphical scatterplot 

designed by Light and Pillemer and the details of the plot were discussed later by Egger and 

colleagues (Light & Piller, 1984; Egger, Smith & Phillips, 1997; Sterne & Egger, 2001).  

Funnel plot evaluates the potential bias of treatment effect estimated from individual 

research on the x-axis against study size/study precision on the y-axis. Small studies tend to 

show greater inconsistency and greater treatment effect. Studies with low precision and high 

precision are placed at the bottom and top of the plot respectively. X-axis is log transformed 

when the effect measure is in ratio form, such as risk ratio (RR) or hazard ratio (HR).  

 

Small studies that show great inconsistency in effect estimate are placed at the bottom of the 

plot, while large studies that show small variability are placed at the top of the plot. 

Estimated common effect is plotted in the graphic as dotted vertical line. Funnel plot shows 

symmetrical inverted funnel shape with wide base and narrow top if no publication bias is 

observed. If the bias present is big, asymmetry is observed from the funnel plot. However, 

asymmetry of funnel plot might also due to clinical heterogeneity between different studies 

(such as difference in methodology used) besides the factor of publication bias (Haidich, 

2010).   

 



 

32 

 

Meta-analysis studies on different NPC prognostic biomarkers are done based on the 

principle discussed in this section. In this study, the same principle is applied to conduct 

meta-analysis study of COX-2 in NPC regarding the overall survival (OS) reflected as 

hazard ratios (HRs) and treatment response reflect as odd ratios (ORs).  

 

 

2.3 Multigene NPC prognosis assessment model  

Development of meaningful model is important in different medical aspects, especially in 

oncology. A model worth of medical practice allows early cancer detection by the oncologist. 

A model that incorporates the pathways enabled the identification of the most appropriate 

anti-cancer drugs and application of the drugs with the right dose at the right time (Assmus 

et al., 2006). However, the number of medically useful models to diagnose and monitor 

different kind of cancers are still lacking.  

 

 

2.3.1 Rationale of integration of individual studies into a model 

Due to the advancement in technology and the extensive exploration in medical research, 

biological data are being produced at an exponential rate (Guyatt et al., 1995). Large number 

of “wet” experiments with high throughout measurements regarding prognosis of various 

cancers are done. To handle this large quantity of data, the use of computer has been 

employed greatly. It is an ideal approach because it analyses and handles the surging amount 

of data in a time effective manner besides incorporates the findings into complex dynamic 

observed in nature. Understanding and organizing of data associated with biological 
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macromolecules by using computational technique is known as bioinformatics (Reichhardt, 

1999).  

 

However, large number of studies done focused on single gene, protein or metabolite 

molecule. The results from these different findings on the same topic are often inconsistent 

and conflicting. Meta-analysis on the massive data available in the database using advanced 

computational technique can solve the problem faced. This approach is known as “dry” 

experiments design. Example of “dry” experiments are such as systematic reviews and meta-

analysis. Figure 2.4 shows the interactive cycle from establishing of hypothesis to testing of 

hypothesis, involving “wet” and “dry” experiments. This interactive process is still adopted 

but expanded where large-scale and genome-wide experimental methodology is employed. 

Data integration and model simulation are manageable via computational aid (Bunge, 1976).  

 

Complex and dynamic interactions of molecules involved in the progression of complex 

diseases such as cancer are impossible to be fully understood from studies focusing on single 

parameter. Hence, the focus now have been shifted to understanding the association of those 

molecules that interact directly or indirectly in the form of pathway or complex network 

(Baranzini, 2009; Aitman et al., 2011). Although the results obtained from meta-analysis are 

more significant and relatively more reliable compare to individual studies, there are no 

interaction and correlation among the different studies and hence, lack of association among 

the different gene expression. The phenomenon is undesirable and the focus now has shifted 

from understanding, identifying and characterising of the biological system towards 

construction of dynamic interactions to reflect the functional activity (Assmus, Herwig, Cho 

& Wolkenhauer, 2006). Data obtained from systematic and quantitative studies, for example 
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from meta-analysis studies, is transformed into a comprehensive and high-level of structural 

organisation. In observed nature, biological system works in a complex dynamic. The 

dynamic changes by the interaction of the system components is the fundamental factor to 

the development and adaptation to disease (Assmus et al., 2006).  

 

 

Figure 2.4: Flow diagram of establishing of hypothesis to testing of hypothesis (Bunge, 

1967). Adapted from https://www.jstor.org/stable/1170452 

 

 

Therefore, integrating and consolidating vast body of data and findings into a platform to 

understand the dynamic in the system enable better diagnosis, prognosis, prevention and 

optimising drug uses as treatment. Working beyond statistical analysis to reconstruct the 

data to provide a meaningful diagnostic/prognostic model in medical field is the current 

direction emphasized on. With the large amount of information available, systems-level 

models of gene or protein function is derived. Therefore, such a remodelling improves 

disease stratification, allows individualized and personalized treatment and development of 
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new drugs. This is done not to replace the findings from individual studies but to complement 

them (Assmus et al., 2006).    

 

 

2.3.2 Integration of prognostic biomarkers for NPC prognosis assessment model 

Prognosis assessment models for different cancers are available. Examples are Gail model, 

the breast cancer risk prediction model (Gail, Brinton, Byar, Corle, Green, Schairer & 

Mulvihill, 1989; Gail & Benichou, 1994) and Bach model and Spize model (Bach et al., 

2003; Spitz et al., 2007), the lung cancer risk prediction models. There are a numbers of 

existing NPC prognosis assessment models too such as prognostic nomogram integrating 

clinical characteristic and hematological biomarkers (Li et al., 2018), prognostic nomogram 

including inflammatory biomarkers (Li et al., 2016), prognostic nomogram determining 

distant metastasis in NPC (Zhao et al., 2019), prognostic model of death and distant 

metastasis in nonendemic area of China (Zang et al., 2016) and statistical prognostic score 

model to determine disease progression and survival of NPC patients (Zhang et al., 2013). 

However, most of these models are constructed with small sample sizes where the patients 

of each studies representing and reflecting the outcome only on the isolated location of 

studies. The usage of these models is restricted as most of the models are only relevant and 

significant at the areas of studies. Therefore, most of the models have no medical uses. 

Besides, these prognostic models stressed more on clinical characteristics and only 

emphasized none or a few prognostic biomarkers such as inflammatory biomarkers. The 

models listed do not incorporate functional genetic biomarkers as the main prognostic 

parameter. Thus, this study aims to develop multigene NPC prognosis assessment model 
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focusing on functional genetic biomarkers by pooling different individual NPC prognostic 

meta-analysis studies via modification of meta-analysis approach.  

 

Meta-analysis for different prognostic biomarkers of nasopharyngeal carcinoma (NPC) has 

been done. However, little of these research findings are put into medical practice. Example 

of NPC prognostic biomarkers are excision repair cross-complementation group 1 (ERCC1) 

(Yang et al., 2019), cyclooxygenase-2 (COX-2) (Yang et al., 2017), latent membrane protein 

1 (LMP1) (Chen et al., 2015), vascular endothelial growth factor (VEGF) (Wang et al., 2018), 

epidermal growth factor receptor (EGFR) (Sun et al., 2013), C-reactive protein (CRP) (Fang, 

Xu, Wu, Zhang, Li et al., 2017), hypoxia-inducible factor-1 alpha (HIF-1α) (Xie et al., 2018), 

lactate dehydrogenase (LDH) (Zhai, Gu, Zhai, Wang & Zhang, 2017), lysyl oxidase (LOX) 

(Zhang, Wu, Ye & Xue, 2018) and matrix metalloproteinase 9 (MMP9) (Liao, Huang, Zhu, 

Li, Huang & He, 2016). Except COX-2, all the biomarkers listed above contain meta-

analysis studies regarding overall survival (OS) rate reflected as hazard ratios (HRs). Meta-

analysis of COX-2 in NPC regarding lymph node metastasis reflected as odd ratios (ORs) 

has been carried out (Yang et al., 2017). However, a more conclusive meta-analysis of COX-

2 in NPC as prognostic biomarker regarding OS reflected by hazard ratios (HRs) is not done 

yet. Table 2.3 shows the details of the listed biomarkers. Thus, this study aims to determine 

the prognostic significance of COX-2 in NPC in term of OS reflected by HRs via meta-

analysis approach. Having done this, all the prognostic biomarkers can be pooled under one 

single platform via modification of PRISMA to generate a multigene NPC prognosis 

assessment model. Through this, the complex and dynamic interactions between different 

biomarkers are placed under the same platform, making the model more significant and 

relevant. Development of molecular pathway network model could further explain the 
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prognosis assessment model that is generated computationally. This helps to explain the 

physiological interactions between all biomarkers that are pooled into a model through 

computational approach in a molecular manner.  

 

Table 2.3: Different clinical outcomes of the different prognostic biomarkers in NPC via 

meta-analysis studies.  

 
Prognostic  

Biomarkers 

Clinical  

Outcomes 

Measure of 

effect 

Cyclooxygenase-2 (COX-2) LNM OR 

Latent Membrane Protein 1 (LMP1) OS HR 

Vascular Endothelial Growth Factor (VEGF) OS HR 

Epidermal Growth Factor Receptor (EGFR) OS HR 

Serum Lactate Dehydrogenase (LDH) OS HR 

C-Reactive Protein (CRP) OS HR 

Excision Repair Cross-Complementation Group 1 (ERCC1) OS HR 

Hypoxia-Inducible Factor-1 alpha (HIF-1α) OS HR 

Lysyl Oxidase (LOX) OS HR 

Matrix Metalloproteinase 9 (MMP9) OS HR 

 

**LNM = Lymph node metastasis, OS = Overall survival, OR = Odd ratio, HR = Hazard 

ratio 

 

 

2.4 Generate molecular pathway model 

Mechanism of the progression of complex diseases is studied and understood via the 

combination of genomics and/or proteomic data. Development of complex diseases such as 

cancer involves multifactorial biological pathways. Thus, the robustness of a model could 

be further explained by identifying the molecular interaction of all biomolecules in a 

pathway network model. Molecular network allows the discovery of risk factors that leads 
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to the occurrence of diseases and identification of individualized treatment (Zheng, Wei, 

Zhao & Ni, 2018).  This network could clearly display the connections between the different 

biomarkers in the process of NPC carcinogenesis and hence, provides understanding to the 

complex and dynamic interactions of the pooled biomarkers in the prognosis assessment 

model.  

 

Network models concerning the predictive molecular biomarkers on breast cancer is done 

by Toss and his colleagues in a review (Toss et al., 2017). Herein, by combining prognostic 

biomarkers involved in the development of model, the biomarkers are integrated into a 

network, to prove the dynamic and complex interactions among the different biomarkers 

contributing to the formation and progression of NPC. This is done via literature reviewing 

of previous research done on the respective biomarkers. Relevant data are extracted, 

analysed and combined into a molecular pathway network.   

 

 

2.4.1 Prognostic biomarkers included 

The final ten prognostic biomarkers incorporated in the multigene NPC prognosis 

assessment model are cyclooxygenase-2 (COX-2), latent membrane protein 1 (LMP1), 

vascular endothelial growth factor (VEGF), epidermal growth factor receptor (EGFR), 

lactate dehydrogenase (LDH), C-reactive protein (CRP), excision repair cross-

complementation group 1 (ERCC1), hypoxia-inducible factor-1 alpha (HIF-1α), lysyl 

oxidase (LOX) and matrix metalloproteinase 9 (MMP9). 
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2.4.1.1 Cyclooxygenase-2 (COX-2) 

Interaction of development of malignancy with persistent inflammation has been studied and 

acknowledged since the 19th century (Mantovani, Allavena, Sica & Balkwill, 2008). Chronic 

and persistent inflammation is found to contribute to about 25% of cancers (Balkwill & 

Mantovani, 2012). Inflammation leads to cancer via two pathways, that are the intrinsic 

pathway and the extrinsic pathway. Expression of inflammation mediated programmers are 

activated via intrinsic pathway by the oncogenes and tumour suppressor genes. Whereas, 

carcinogenesis due to chronic inflammation occurrs via extrinsic pathway (Grivennikov et 

al., 2010; Solinas, Marchesi, Garlanda, Mantovani & Allavena, 2010).   

 

Over expression of cyclooxygenase (COX)-2 is found to cause inflammation in various 

cancers, including NPC. Over expression of COX-2 leads to NPC carcinogenesis through 

multiple steps (Soo et al., 2005). COX-2 is involved in the conversion of arachidonic acid to 

prostaglandins (PGE), mediating cell proliferation, angiogenesis and anti-apoptosis (Tsujii 

& Dubois, 1995; Tsujii et al., 1998; Williams et al., 2000).  

 

To counter the effects cause by COX-2, COX-2 inhibitors has been introduced. Recent 

studies found that in a dose dependent manner, COX-2 inhibitors reduce the growth of NPC 

cell line, inhibit invasion and migration of NPC cells besides reducing cyclin D1 levels 

(Zhang, Qiu, Chen, Liang & Huang, 2014). Also, COX-2 inhibitors are able to suppress 

tumour and competent to enhance the radiotherapy outcome, making COX-2 inhibitors 

treatment promising (Tan & Putti, 2005). The most commonly used COX-2 inhibitor is 

Celecoxib.  
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2.4.1.2 Latent membrane protein 1 (LMP1) 

NPC is commonly recognized as virus-driven malignancy (Young & Rickinson, 2004; Chen 

et al., 2014), predominated by Epstein-Barr virus (EBV) infection (Shanmugaratnam & 

Sobin, 1993; Khanna et al., 1998). NPC patients usually do not show any signs and 

symptoms at the early stage. Thus, EBV DNA in plasma is determined as screening 

parameter for asymptomatic patients (Chan et al., 2017). The tumorigenic potential of EBV 

in NPC is due to the two unique sets of latent genes. First set of latent genes are the latent 

membrane proteins (LMP) which includes LMP1, LMP2A, and LMP2B. Another set of 

latent genes are the EBV-determined nuclear antigens (EBNA), sub-divided into EBNA1 

and EBNA2 (Brooks, Yao, Rickinson & Young, 1992).  

 

About 80-90% of NPC tumours show over expressed LMP1. LMP1 that causes cell 

immortalisation is recognized as the principal oncogene of NPC (Wang, Liebowitz & Kieff, 

1986). Structural characteristics of LMP1 allow the infection in the host. LMP1 contains six 

transmembrane domains that allow the association to host membrane. LMP1 also contains 

two signalling domains that activate several signalling pathways (Tulalamba & Janvilisri, 

2012; Huang et al., 2018; Zhu et al., 2018). The two signalling domains are known as the C-

terminal activating regions 1 and 2 (CTAR 1 and 2) with carboxy-terminal (Huen, 

Henderson, Carter & Rowe, 1995). These two regions could activate nuclear factor κ-B (NF-

κB) pathway via binding to tumour necrosis factor receptor-associated factors (TRAFs) 

(Mainou, Everly & Raab-traub, 2005). Upregulation of NF-κB activates proliferative signals 

such as COX-2 and VEGF (Murono et al., 2001; Deng et al., 2003). Besides, LMP1-induced 

NF-κB activation ultimately promotes telomerase activation and cell immortalization (Ding 

et al., 2005). The two signalling domains could also activate mitogen-activated protein 
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(MAP) kinases, and phosphoinositol-3-kinase (PI3K) pathways (Mainou & Raab-traub, 

2006). LMP1-positive cells mainly prevent apoptosis, enhance metastasis (Ozyar, Ayhan, 

Korcum & Atahan, 2004) and mediate disease progression (Liu, Peng, Chang & Hung, 2003). 

Studies show that, the two activation domains of LMP1 transactivated matrix 

metalloproteinase 9 (MMP9) at the promoter region too by up-regulating NF-kB and 

activator protein 1 (AP-1) (Takeshita et al., 1999). LMP1 inhibitor such as Simvastatin 

potentiates chemotherapy treatment by enhancing the sensitivity (Pioche-durieu et al., 2005; 

Mei et al., 2007). 

 

 

2.4.1.3 Vascular endothelial growth factor (VEGF) 

Tumour growth and metastasis in cancer are acted by angiogenesis. The degree of this 

fundamental process is greatly affected by the distribution of proangiogenic and 

antiangiogenic factors. One of the most commonly known angiogenic factors is vascular 

endothelial growth factor (VEGF) (Dvorak, Brown, Detmar & Dvorak, 1995). VEGF has 

other names such as vascular permeability factor (VPF) or vasculotropin. VEGF is a dimeric 

glycoprotein with at least six variants that functions at endothelial cells by increasing 

vascular permeability (Brown et al., 1997; Poltorak et al., 1997; Sugihara, Wadhwa, Kaul & 

Mitsui, 1998; Ferrara, Gerber & LeCouter, 2003). It is a potent mitogen that is highly 

induced and triggered by hypoxia (Forsythe et al., 1996). VEGF is one of the target gene of 

HIF-1α, contributed to hypoxic tumour profile of NPC. Co-expression of VEGF and HIF-

1α shows distant metastasis, local recurrence and low survival rate in NPC patients (Hui et 

al., 2002; Hui et al., 2008; Lu et al., 2008).  
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Over expression of VEGF induced by HIF-1α (Cox & Erler, 2011) is observed in various 

cancers such as breast cancer, gastric cancer and bladder cancer. The over expression of 

VEGF is demonstrated to show poor prognosis. 

 

 

2.4.1.4 Epidermal growth factor receptor (EGFR) 

Epidermal growth factor receptor (EGFR) is the receptor tyrosine kinases that is most often 

investigated. EGFR activates downstream signalling protein after activating the respective 

receptor via its extracellular domain. Natural ligands that commonly bound to EGFR are 

such as epidermal growth factor (EGF) and transforming growth factor alpha (TGF-α) 

protein. Activation of signalling protein triggers cascading of various cellular process 

(Olayioye, Neve, Lane & Hynes, 2000). According to Human Protein Reference Database, 

there are around 177 molecules targeting about 200 targets in EGFR signalling pathway 

(Blagoev, Ong, Kratchmarova & Mann, 2004). Examples of pathways activated are such as 

PI3K/AKT/mTOR, JAK/ STAT, and Ras/Raf/MAPK pathways (Prenzel, Fischer, Streit, 

Hart & Ullrich, 2001).  

 

Over expression of EGFR is commonly observed in various cancer, including NPC (Zheng, 

Hu, Chen & Christensson, 1994;  Roychowdhury, Tseng, Fu, Weinburg & Weidner, 1996; 

Leong, Loh, Putti, Goh & Tan, 2004). The statistic shows moderate to high EGFR expression 

in 85% of Chinese NPC patients. Most NPC cell lines reveal high EGFR expression too. 

Over expression of EGFR involves in NPC carcinogenesis via tumour metastasis, tumour 

development, progression, recurrence, poor survival and therapeutic resistance (Ma et al., 
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2003; Pan et al., 2008; Ma et al., 2010). Hence, EGFR is now widely studied as NPC target 

for therapy (Sung et al., 2005; Xiao et al., 2007).  

 

 

2.4.1.5 Lactate dehydrogenase (LDH) 

Expression level of lactate dehydrogenase (LDH) is important in determining the 

hematological malignancies and other solid tumour in term of the clinical significance 

(Wimazal et al., 2008; Armstrong, George & Halabi, 2012). Large tumour that leads to 

hypoxic microenvironment could be indicated through LDH expression level (Firth, Ebert 

& Ratcliffe, 1995). However, understanding of the exact pathway to this phenomenon is yet 

to be fully studied. For patients who undergo radiotherapy and chemotherapy treatment, the 

clinical outcomes could be determined through the oxygen level or the hypoxic level of the 

tumour. The higher the oxygenation status in the tumour, the better the clinical outcome 

upon treatment (Durand, 1991).  

 

Besides clinical outcome, the LDH expression level is also closely associated with 

oncogenesis. The cellular LDH expression level is found to be regulated by Myc and 

PI3K/Akt/mTOR pathways (Kim & Dang, 2006). Activation of the pathways and the 

increment of the LDH level are demonstrated as poor prognostic factor in NPC (Yu et al., 

2013). Activation of LDH that leads to tumour growth is ultimately related to cellular turn 

over and progressive inflammation (Armstrong et al., 2012). Oxamate is the promising 

therapeutic target used for NPC patients with over expressed LDH (Zhai, Yang, Wan, Zhu 

& Wu, 2013), arresting and downregulating the pathways (Wimazal et al., 2008).  
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2.4.1.6 C-reactive protein (CRP) 

The C-reactive protein (CRP) gene contains two main regions, a region that encodes mature 

protein and a region that encodes signalling peptide. Both these regions are separated by 

only one intron, located at the short arm of chromosome 1. CRP could be detected in acute 

phase systemic inflammation, acting as non-specific biomarker. CRP also reacts to tissue 

damage and various infections. Expression of CRP is often used to predict survival in various 

cancers, such as breast cancer (Guo et al., 2015), lung cancer (Jing et al., 2015), ovarian 

cancer (Poole et al., 2013), hepatocellular carcinoma (Fang et al., 2017) and also NPC (Li et 

al., 2016).  

 

In 1863, Virchow proposed the link between CRP and cancer. However, the network 

interaction of CRP in cancer was studied only since the past two decades (Tillett & Francis, 

1930; Balkwill & Mantovani, 2001). The detailed and precise mechanism of CRP in 

oncogenesis on NPC is not clearly known. However, there are some hypothesis made 

regarding this matter. CRP functions as an important member of innate immune system. 

CRP could recognise non-self-pathogen, identify membrane component of injured cells and 

react to tumour necrosis  (Wong et al., 2007; Mccarthy, 2015). The tumour 

microenvironment that are always in chronic inflammation state favoured the development 

and carcinogenesis of cancers, including NPC. Such a condition is conducive for distant 

metastasis, angiogenesis and deoxyribonucleic acid (DNA) damage (Allin & Nordestgaard, 

2011). Excessive CRP is also produced due to activation of signalling pathways such as NF-

𝜅B1 by cytokines. Cytokines are inflammatory factors, having interleukin-6 (IL-6) and IL-

8 as the common examples (Pine et al., 2011). Due to its roles and properties, CRP is chosen 
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as suitable inflammatory biomarker in clinical practice as a mean to stratify patients into 

different prognosis category. 

 

 

2.4.1.7 Excision repair cross-complementation group 1 (ERCC1) 

The excision repair cross-complementation group 1 protein (ERCC1) is a drug-resistance 

related protein that is involved in several mechanisms to repair damaged DNA (Murray, 

Vallee-Lucic, Rosenberg & Andersson, 2002; Olaussen et al., 2006; Gossage & 

Madhusudan, 2007; Martin, Hamilton & Schilder, 2008; Curtin, 2012). It is associated with 

the nucleotide excision repair (NER) pathway that repairs DNA damage by removing 

cisplatin-induced DNA adducts, identifying, resecting and repairing double-stranded breaks 

and inter-strand crosslinks (Ahmad et al., 2008), and ultimately halting cancer cells 

apoptosis (Reed, 2005; Olaussen et al., 2006). Hence, patients are resistance to cisplatin-

based chemotherapy if ERCC1 expression is high and acquires better survival benefit if 

ERCC1 expression is low (Azuma et al., 2007; Gossage & Madhusudan, 2007; Li et al., 

2014). ERCC1 has been found to be the rate limiting protein involved in the removal of 

platinum adducts from genomic DNA, thereby influencing cisplatin sensitivity and treatment 

outcome (Arora, Kothandapani, Tillison, Kalman-maltese & Patrick, 2010;  Kirschner & 

Melton, 2010). Predictive and prognosis value of ERCC1 expression has been studied in 

several cancer types such as non-small cell lung cancer (Olaussen et al., 2006), gastric cancer 

(Leibel et al., 1991), oesophageal cancer (Ma, Hui & Chan, 2008), colorectal cancer (Kim 

et al., 2009), ovarian and head and neck tumours (Metzger et al., 1998; Olaussen et al., 2006; 

Azuma et al., 2007; Handra-luca et al., 2007; Wei et al., 2008; Kim et al., 2009; Steffensen, 

Waldstrom & Jakobsen, 2009). Studies in NPC reveal that the high expression of ERCC1 in 
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tumours correlates with low chemotherapy response and poor survival in patients treated 

with cisplatin-based induction chemotherapy (Huang et al., 2012). A comprehensive 

assessment of ERCC1 expression patterns in studies on NPC might provide insights into the 

identification of a definite biomarkers of prognostic value. 

 

 

2.4.1.8 Hypoxia-inducible factor-1 alpha (HIF-1α) 

Hypoxia is a condition with deprivation and deficiency of oxygen supply. Hypoxia promotes 

tumour progression and thus, it is a common feature in many solid tumours. Hypoxia-

inducible proteins are triggered and induced by hypoxia microenvironment, causing a series 

of cellular effects such as anti-apoptosis, adaptation to stress, promote metastasis, 

invasiveness, angiogenesis and poor prognosis. Hypoxia is also known to reduce the 

efficiency of radiotherapy and chemotherapy treatment. According to evidence from 

research done, all the adaptive responses of cells to the hypoxia conditions in cancers are 

mediated by hypoxia-inducible factor-1 (HIF-1)-dependent pathway (Ji, 2014).  

 

HIF-1 is a helix-loop-helix transcription factor consisted of two subunits, which are HIF-1α 

and HIF-1β. Both of these subunits exist as heterodimer. HIF-1α regulates the biological 

activity via its expression and function (Rankin & Giaccia, 2008). HIF-1α subunit involves 

in glucose uptake, metabolism and growth rate, besides playing the major functions of other 

hypoxia-inducible proteins (Hu, Liu & Huang, 2013). Over expression of HIF-1α leads to 

malignancy and reflects a poor prognosis in various types of solid tumours. Worse prognosis 

in relation to high expression of HIF-1α in NPC was reported by Kitagawa (Kitagawa et al., 

2013). Moon reported that stabilisation of HIF-1α transcription complex by metastasis-
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associated protein 1 (MTA1) enhanced solid tumour progression and metastasis, supported 

by angiogenesis (Moon et al., 2006). Over expression of HIF-1α up regulates the expression 

of TWIST, a transcription factor that mediates cancer metastasis, causing resistance to 

treatment and increase in mortality in malignancy (Yang et al., 2008). HIF-1α signalling 

pathway is also demonstrated to be regulated by VEGF and COX-2, contributing to cancer 

progression (Maroni et al., 2011; Fu et al., 2012; Min et al., 2012). To reduce the progression 

of NPC, the expression of both HIF-1α and VEGF could be controlled by using hypoxic 

inhibitor, tirapazamine (TPZ) (Hong et al., 2011).  

 

 

2.4.1.9 Lysyl oxidase (LOX)  

Lysyl oxidase (LOX) is a hypoxia-inducible protein (Cox et al., 2013). It contains a hypoxia 

responsive site at the promoter region, targeted by hypoxia-inducible factor (HIF) at the 

transcriptional level (Erler et al., 2006). Another principal hypoxia-inducible protein is HIF-

1α, responsible for management of responses due to hypoxia. Thus, upon hypoxia, HIF-1α 

would be over expressed and consequently activates other hypoxia-inducible genes.  

 

LOX is an extracellular copper-containing amine oxidase. It has four other protein family 

members namely LOX-like proteins (LOXL1-4) (Panchenko, Stetler-stevenson, Trubetskoy, 

Gacheru & Kagan, 1996). LOX functions in extracellular matrix, catalysing the covalent 

cross-linkage of collagen and elastin fibres extracellularly. LOX participates in tumour 

progression and development due to its function in enhancing cell migration and motility 

(Wilgus et al., 2011). Other intracellular activities such as cell adhesion and migration, gene 
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transcription and cell differentiation are also carried out by LOX, but intracellularly (Kagan 

& Trackman, 1991; Molnar et al., 2003; Kagan & Li, 2003; Albinger-hegyi et al., 2010).  

 

Association between high LOX expression and low overall survival rate/high recurrence rate 

is observed in cancers cell lines, breast cancer, renal cancer, gastric cancer, prostatic cancer, 

head and neck cancer and NPC (Stassar et al., 2001; Lapointe et al., 2004; Erler et al., 2006;  

Payne, Hendrix & Kirschmann, 2007; Weise et al., 2008; Albinger-hegyi et al., 2010). 

Combined expression of LOX, HIF and VEGF promotes cancer cells to grow faster, leading 

to metastasis (Chung, Lee & Ferrara, 2010). β-aminopropionitrile (BAPN) is an irreversible 

inhibitor that could inhibit the catalytic activity of LOX, disturbed cell invasion and 

progression caused by hypoxia hence improving NPC overall survival (Tang, Trackman & 

Kagang, 1983; Xiao & Ge, 2012).  

 

 

2.4.1.10 Matrix metalloproteinase 9 (MMP9) 

Matrix metalloproteinases (MMPs) is a Zinc (Zn2+) dependent endopeptidase. MMPs are 

synthesized and released as zymogen belonging to gelatinase subgroup, as a monomer. 

MMPs basically exert the function in the extracellular matrix (ECM), managing the integrity 

and composition of the matrix (Liotta et al., 1980).  Examples of MMPs are MMP2 and 

MMP9, belonging to gelatinase A and B respectively.  

 

MMP9 involves in the degradation of collagen type IV and V molecules (the major 

component of extracellular matrix protein) and gelatin (the major component of basal 

membrane) (Liotta, 1986; Fridman, Toth, Chvyrkova, Meroueh & Mobashery, 2003; Angulo, 
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Ferruelo, Nunez, Fata & Gonzalez, 2011). Degradation of ECM by MMP9 enhances the 

invasion, progression and metastasis of tumour cell, accelerating tumour growth (Liotta, 

1986; Himelstein, Canete, Bernhard, Dilks & Muschel, 1994). This phenomenon is observed 

in lung cancer (Tokuraku et al., 1995), colon cancer (Newell, Witty, Rodgers & Matrisian, 

1994), pancreatic cancer (Tian et al., 2008), gastric cancer (Zhao, Wang, Ye & Tao, 2009), 

head and neck cancer (Yoshizaki et al., 1997; Charoenrat, Rhys-Evans & Eccles, 2001), 

breast cancer (Provatopoulou et al., 2009) and NPC (Horikawa, Yoshizaki, Sheen, Lee & 

Furukawa, 2000).  High expression of MMP9 increases rate of lymph node metastasis in 

NPC (Horikawa, Yoshizaki, Sheen, Lee & Furukawa, 2000). In NPC, a positive correlation 

between LMP1 and MMP9 is observed. It is found that the increase of LMP1 increases the 

expression of MMP9 (Yoshizaki, Sato, Furukawa & Pagano, 1998). Thus, the results reflect 

the negative role of MMP9 in NPC oncogenesis, induced by LMP1. NPC patients with high 

MMP9 expression is found to have short survival time, an inverse relationship to overall 

survival rate.  

 

All the prognostic biomarkers discussed above involve in the oncogenesis of NPC in a 

complex dynamic. Integration of all these biomarkers into one platform enables better 

understanding on the interactions and mechanism among the different biomarkers in the 

occurrence of NPC.      
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CHAPTER 3 

META-ANALYSIS OF CYCLOOXYGENASE-2 (COX-2) IN NASOPHARYNGEAL 

CARCINOMA (NPC)  

 

3.1 Introduction 

Prognostic significance of the expression of COX-2 has been carried out on head and neck 

cancer (HNC) via meta-analysis (Yang et al., 2016). NPC is being considered in the family 

of HNC but there is no individual exclusive meta-analysis of COX-2 expression done on 

NPC to determine survival outcome. Although association of COX-2 and NPC has been 

investigated in different studies, the results were not conclusive and were varied among 

different studies. These were probably due to the small sample sizes used in the studies. 

Hence, this study aims to determine a more significant and conclusive relationship between 

COX-2 expression and the overall survival rate for NPC patients in a larger population.  

 

Cyclooxygenase (COX) exists in two isoforms, namely COX-1 and COX-2. COX-1 is 

commonly expressed in various normal organ and tissue, taking part in maintaining the 

homeostasis of physiological function. On the other hand, COX-2 is a key enzyme involved 

in the conversion of arachidonic acid to prostaglandins (PGE). It is lowly expressed or not 

detectable in most normal tissues, but rapidly induced by mitogenic and inflammatory 

stimuli, such as pro-inflammatory cytokines, growth factors, carcinogens and tumour 

promoters (Dannenberg et al., 2001; Dannenberg & Subbaramaiah, 2003; Brown & DuBois, 

2005; Greenhough et al., 2009; Simonsson et al., 2017). COX-2 is observed to be highly 

expressed in different malignant tumour types, through stimulating tumour cell proliferation, 

angiogenesis and cell invasiveness (Gupta et al., 2007). It promotes resistance to cell 
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apoptosis, suggesting its involvement in development of inflammation-induced tumour, and 

therefore affects the prognosis and survival of cancers (Bakhle, 2001; Greenhough et al., 

2009; Huang, Chen, Xiao, Liu & Zhao, 2013; Peng, Zhou, Wang, Mou & Zhao, 2013; Xu, 

Wang & Shu, 2014; Li et al., 2015). Cancer progression is found to have a reversed effect 

by inhibiting the function of COX-2 using Cox inhibitor (Schellhorn, Haustein, Frank, 

Linnebacher & Hinz, 2005; Vosooghi & Amini, 2014; Pan et al., 2015; Ben-batalla et al., 

2015). Effects of Cox inhibitor and non-steroidal anti-inflammatory drugs (NSAIDs) were 

shown by the reduced incidence and progression of tumour in cancer animal models. Hence, 

potential targets for therapy could be developed (Pan et al., 2008).  

 

Numerous studies have been done to analyse the expression of COX-2 and to examine its 

prognostic effect in various cancers (Costa et al., 2002; Pan et al., 2008; Saba et al., 2009). 

Results showed that COX-2 expression might be useful in predicting the survival in patients 

with cancer, acting as a potential prognostic factor (Yang et al., 2016). COX-2 involves in 

the malignancies of NPC by participating in the formation of inflammatory 

microenvironment, promoting pathogenesis and progression of cancer (Grivennikov, Greten 

& Karin, 2010). COX-2 is identified to be involved in metastasis of cancer cells (Gupta et 

al., 2007) besides mediating lymph node formation (Fendri et al., 2007). It was reported that 

COX-2 promoted metastasis in NPC by associating interactions between cancer cells and 

myeloid-derived suppressor cell (Li et al., 2015). However, due to the relatively small 

sample sizes and different in the methodology in conducting the studies, the findings have 

not been consistent, and therefore advanced meta-analysis approach is employed to draw a 

more convincing conclusion.  

 



 

52 

 

Thus, a meta-analysis to determine the expression of COX-2 in patients diagnosed with NPC 

corresponding to survival outcome and treatment response is very much needed. Hence, this 

study aims to determine the prognostic significance of COX-2 in NPC in term of OS 

reflected by HRs via meta-analysis.  

 

 

3.2 Methods 

3.2.1 Literature search strategy  

Electronic searches on PubMed (https://www.ncbi.nlm.nih.gov/pubmed/), Science Direct 

(https://www.sciencedirect.com/) and Scopus (https://www.scopus.com/) were conducted 

on 7th March 2019. The following combined keywords were used to retrieve related articles 

and abstracts: Nasopharyngeal Carcinoma (NPC) and Cyclooxygenase-2 (COX-2). 

Searching was confined to articles published within year 2005-2019 (15 years). Reference 

lists of relevant articles for additional publications were also manually searched to prevent 

the missing of important studies. 

 

 

3.2.2 Study criteria (inclusion and exclusion criteria) 

Titles and abstracts of all the articles retrieved from literature search strategy were reviewed. 

Articles were included or excluded based on the inclusion and exclusion criteria stated below. 

Full texts of potential eligible studies were downloaded according to inclusion criteria for 

relevant data retrieve. To avoid duplication, only the newest article with biggest samples 

size was included when more than a trial was done within the same patient population.  

https://www.scopus.com/
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In this meta-analysis, studies containing the following inclusion criteria were employed: (1) 

containing NPC patients, (2) evaluating the expression of COX-2, (3) including data related 

to hazard ratio (HR) and/or odd ratio (OR) with corresponding 95% confidence interval (CI), 

(4) reported in English and (5) done in human samples.   

 

Studies that contained the following exclusion criteria were eliminated: (1) review articles 

or letters, (2) non-English articles, (3) duplicated data, (4) contained insufficient information 

to calculate the log hazard ratio (logHR), SE (logHR) (SE) and/or odd ratio (OR) for analysis, 

(5) meta-analysis articles and (6) single nucleotide polymorphism (SNP) related articles. 

 

 

3.2.3 Method of data retrieves (data extraction) 

Data that were extracted after reviewing each eligible studies were as followed: first author’s 

last name, publication year, region of publication, ethnicity, number of female patients, 

number of patients with high/low COX-2 expression, COX-2 expression assay (method and 

cut-off level), clinicopathological data (number of patients with different tumour stage), 

therapy regimen used and survival data (HR with its corresponding 95% CIs for OS and OR).  

 

 

3.2.4 Statistical analysis 

The primary results of this meta-analysis were overall survival (OS) rate, which was 

expressed as hazard ratio (HR) with 95% confidence intervals (CIs). OS was a direct estimate 

of clinical benefit to a patient, defined as the time from random assignment to death 

(Department of Health and Human Services Food and Drug, 2011). LogHR and SE needed 
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in the meta-analysis were extracted if included in the studies. Otherwise, if logHR and SE 

were not shown directly, methods developed by Parmar was used to obtain the relative data 

(Parmar, Torri & Stewart, 1998). Relevant methods provided in the same studies were also 

used to determine the pooled HR, CI and weight.  

 

Dealing with analysis of survival in patients, when the HR obtained was more than one (HR 

> 1), it reflected a poor prognosis in COX-2 over-expression. Significance of the outcome 

was proven at p value <0.05. Significant heterogeneity exists in pooled HRs at P < 0.10 or 

I2 > 50%. Results for each individual study and the pooled result for included eligible studies 

were displayed as forest plot.   

 

Odd ratio (OR) was evaluated to determine the impact of COX-2 expression to the treatment 

response. MedCalc (version 18.11) software was used to determine the OR with 95% CI. 

Forest plot of OR for included studies was also graphed. The same software was also used 

to determine the publication bias, presented by I-squared and p-value. Heterogeneity would 

be found significant when pooled ORs showed P < 0.10 or I2 > 50%. A funnel plot 

displaying heterogeneity was then plotted to depict the results graphically. 

 

 

3.3 Results 

3.3.1 Eligible studies 

Through the initial search strategy, 46, 24 and 37 potential studies were obtained from 

Scopus, Science Direct and PubMed respectively, yielding a total of 107 studies. After 

reviewing the title and abstract, 53 irrelevant studies were excluded. Full texts of the 
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remaining 54 potentially relevant studies were downloaded for detailed review. With this, 

another 36 studies were excluded for the reason that nine were non-English articles and 27 

were duplicates. Eleven of the remaining 18 articles have incomplete data for meta-analysis, 

leaving a final of seven eligible studies. A flow chart of this was shown in Figure 3.1.  

 

 

Figure 3.1: Selection of studies to obtain final studies for meta-analysis of COX-2 in NPC. 
 

  

Clinical particulars of the patients of the seven eligible studies enrolled in this study were as 

shown in Table 3.1. These eligible studies were published from 2009 to 2018, which 

included a total of 495 patients, ranging from 38 to 148 per study. OS that reflected overall 

survival were found in seven studies, whereas OR that reflected treatment response was 

found in two of the seven studies.  
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3.3.2 Correlation between COX-2 expression and survival outcome 

Prognostic effect of COX-2 expression in predicting survival outcome was determined by 

conducting a meta-analysis of all seven studies for the hazard ratio (HR) of OS. The pooled 

(HR) (95% CI) of seven studies for OS was 2.02 [1.65, 2.47], (I2 = 84%, P < 0.001) in 

random model as shown in Figure 3.2. NPC patient groups with higher COX-2 expression 

showed higher hazard of death compared to the control groups as the HR obtained was 

greater than one. HR of 2.02 implied that at any time during the follow-up, the NPC patient 

groups with COX-2 over-expression have a 102% higher risk of death. OS was statistically 

significant because the 95% CI did not include one. However, significant heterogeneity was 

observed from the result obtained, implying the need to enhance the meta-analysis with more 

studies besides handling the result with caution.  

 

 

3.3.3 Correlation between COX-2 expression and treatment response  

Prognostic effect of COX-2 expression in predicting treatment response was determined by 

conducting a meta-analysis of two of the seven studies for odd ratio (OR). The pooled OR 

(95% CI) was 0.98 [0.27, 3.49], (I2 = 46.70%, P = 0.171) in random model as shown in 

Figure 3.3. The OR of lesser than 1 suggested the treatment response in the high COX-2 

group was better than that in the control group (low COX-2 expression group). However, 

the OR was not statistically significant because the 95% CI included one.   

 

 

 

 



 

57 

 

Table 3.1: Characteristics of all identified studies eligible for meta-analysis of COX-2 in NPC. 

First 

Author 

Year Region Ethnicity Female 

(N, %) 

High/Low 

Cox2 

(N, %) 

Cox2 

Detection 

Method 

Cut-off 

value 

Stage of 

NPC 

Patients 

Chemotherapy 

Regimen 

Survival 

Outcome 

Li Y. J. 2018 China Asian 28 

(24.3) 

53/62 

(46.1/53.9) 

ISH NR I & II (31), 

III & IV (84) 

RT, CCRT 

(platinum) 

OS 

Xu L. 2013 China Asian 93 

(62.8) 

107/41 

(72.3/27.7) 

IHC Score I & II (95), 

III & IV (53) 

NR OS 

Pan J. 2012 China Asian 27 

(24.3) 

59/52 

(53.2/46.8) 

IHC NR I & II (30), 

III & IV (81) 

RT, combined 

CRT (5-FU) 

OS 

Kim T. J. 2011 Korea Asian 19 

(27.5) 

43/26 

(62.3/37.7) 

IHC Score I & II (17), 

III & IV (52) 

RT, ICRT, 

CCRT 

OS 

Huang T. L. 2010 Taiwan Asian 61 

(36) 

NR IHC H-score I & II (71), 

III & IV (99) 

RT OS 

Kim Y. J. 2010 Korea Asian 8 

(21) 

31/7  

(82/18) 

IHC NR I & II (6), 

III & IV (32) 

Induction CT, 

RT, CCRT 

OS 

Loong S. L. 2009 Singapore Asian 9  

(15.5) 

24/34 

(41.4/58.6) 

IHC Score I & II (0), 

III & IV (58) 

RT, CRT OS 

 

 

**ISH = RNA-in situ hybridization, IHC = Immunohistochemistry, RT = radiotherapy, CCRT = concurrent chemoradiotherapy, IC = induction 

chemotherapy, ICRT = induction chemoradiotherapy, CRT = chemoradiotherapy, 5-FU = 5-fluorouracil, NR = not related 
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Study Name 
 

   

HR LCI UCL WGHT 

Li Y.J. 2018 2.41 1.12 5.19 6.95% 

Xu L. 2013 1.04 0.52 2.08 8.51% 

Pan J. 2012 3.09 2.45 4.25 53.89% 

Kim T.J. 2011 2.94 1.40 6.18 7.42% 

Huang T.L. 2010 0.98 0.58 1.64 15.13% 

Kim Y.J. 2010 1.64 0.36 7.43 1.78% 

Loong S.L. 2009 0.40 0.18 0.90 6.32% 

Overall: 
P,0.001, I2=84% 

2.02 1.65 2.47 100.00% 

        0.1        1            2.02 2.5       5     7.5   

 

Figure 3.2: A forest plot depicting a meta-analysis estimating COX-2 expression with OS in NPC [hazard ratio (HR) estimated in random 

model]. 
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Study Name  

 

OR LCI UCL WGHT 

Li Y.J. 2018 2.05 0.47 9.01 43.49% 

Kim T.J. 2011 0.55 0.17 1.75 56.51% 

Overall: P,0.1708, 
I2=46.70% 

0.98 0.27 3.49 100.00% 

 0.1    0.75   0.98  1                     2                                      5   

 

Figure 3.3: A forest plot depicting a meta-analysis estimating COX-2 expression with treatment response in NPC [odd ratio (OR) estimated in 

random model]. 
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3.3.4 Assessment of publication bias  

Publication bias is accepted when P-value >0.10 and the studies are distributed equally on 

both sides within the funnel. A funnel plot (OR vs standard error) was plotted as shown in 

Figure 3.4. No publication bias was observed as the studies were symmetrically distributed 

and this suggested a significant finding that was not far from the actual situation.  

                

           Meta-analysis 

                

           Odd ratio 

Figure 3.4: A funnel plot to detect publication bias and systemic heterogeneity for meta-

analysis of COX-2 in NPC. 

 

 

3.3.5 Limitations 

Several limitations were taken into account in this meta-analysis. Firstly, a number of studies 

were excluded as they were published in non-English language or contained incomplete data. 

Non-English written articles were excluded as the initial search inclusion criteria, included 

only the English written articles. This was so to maintain the consistency of language used 

for data extraction and results reporting. Translating those articles into English was possible. 
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However, the chances of having translation different from the primary studies existed. This 

would again contribute to reporting bias. Nevertheless, such an exclusion might affect the 

pooled results to differ from true value. Also, meta-analysis that was done literature-based 

was less valid than individual patient data-based analysis. According PRISMA statement, 

only one major database is required for literature searching. In this project, three major 

electronic databases were used for literature searching. Some important studies might be 

deposited in other databases such as Web of Knowledge/Science or Google Scholar, causing 

possible publication bias. 

 

 

3.4 Discussion  

COX-2 over expression has been demonstrated in various malignancies such as breast cancer 

(Costa et al., 2002), head and neck squamous cell carcinoma (HNSCC) (Saba et al., 2009), 

oral squamous cell carcinoma (OSCC) and nasopharyngeal carcinoma (NPC) (Pan et al., 

2008). According to the previous studies, over expression of COX-2 shows poorer overall 

survival rate (OS) depicting the important role of COX-2 in carcinogenesis (Tan & Putti, 

2005; Chou et al., 2008; Kim, Li, Cha, Zhang & Cha, 2012).  

 

With the results obtained, it could be inferred that COX-2 is a good prognostic factor for 

NPC. The HR of OS is 2.02, higher than 2. As for treatment response, the pooled OR is 0.98, 

lesser than one, implying a 2% lesser risk in the high COX-2 expression group. However, 

this outcome is not conclusive as the confidence interval included one, causing it to be 

insignificant. The pooled results are supported by studies showing that COX-2 is associated 

with poor NPC prognosis (Kim, Wu, Park, Kim & Park, 2004; Xue et al., 2011). However, 
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Loong reported an opposite result, where weak COX-2 expression showed worse OS 

compared to over-expressed COX-2 (Loong et al., 2009). The different single studies that 

agree or conflict with our findings contained smaller sample sizes. Thus, our research output 

reinforces the findings with significant conclusion by pooling studies of large sample size.  

 

In this study, COX-2 is recognized as a good prognostic factor in NPC. This result is 

consistent with other cancers. For example, COX-2 was identified as good prognostic factor 

in meta-analysis of oesophageal cancer, showing poor OS with HR of 1.60 [1.32–1.94] (Hu, 

Yang, Zhao & Huang, 2017). The same trend is observed in meta-analysis of COX-2 in 

breast cancer, having poor OS with HR of 1.51 [1.31-1.72] (Xu, Li, Zhang, Cui, Liu, Li & 

Jiang, 2017). Meta-analysis of COX-2 in ovarian cancer reported poor OS with HR of 1.48 

[1.19-1.85], which further supported the significance of COX-2 as a prognostic biomarker 

for cancers (Sun, Zhang, Sun, Jia, Xu, Qiao & Jin, 2017).  

 

Removal of NPC completely through surgical approach is one of the suggested treatments. 

However, due to the anatomy location of nasopharynx, surgery is nearly impossible due to 

the difficulties and complexity of procedure. Therefore, radiotherapy treatment is still 

adopted (Farias et al., 2003). To provide better treatment to NPC patients with reduced side 

effects, various attempts to use clinical and pathologic parameters have been implied for 

NPC prognosis (Perez et al., 1992). Such approaches aim to categorize patients with similar 

staging, severity, tumour size and treatment modality into the same group (Karademir et al., 

2000). Therefore, identification of the prognostic function of COX-2 in NPC from this study 

helps to better categorize NPC patients. This could, therefore provide more suitable and 

individualized treatments to NPC patients according to different categories.  
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Development of NPC involved in complex mechanism driven by various factors. Recently, 

inducible enzyme COX-2 is found to play an important role in NPC carcinogenesis, 

angiogenesis, invasion, metastasis and inhibition of apoptosis. COX-2 is present in wide 

range of preneoplastic and malignant conditions (Pan et al., 2008). COX-2 is absent or 

undetectable in most normal tissue. It involves in the synthesis of prostaglandins present 

under the induction by inflammatory cytokines, tumour promoters, and growth factors 

(Turini & Dubois, 2002). COX-2 acts in association with up-regulation of VEGF and EGRF, 

and the expression is reported to show correlation with the stage of diseases (Williams, Tsujii, 

Reese, Dey & DuBois, 2000; Dannenberg et al., 2001; Soo et al., 2005; Pan et al., 2008).  

 

Tumorigenic effects of COX-2 that involve in adverse prognostic features such as tumour 

growth, lymph node metastasis, inhibition of apoptosis and tumour angiogenesis are shown 

to be inhibited by selected COX-2 inhibitors, both in vitro and in animal models 

(Dannenberg et al., 2001; Costa et al., 2002; Ristimaki et al., 2002). Celecoxib with optimum 

dosage of 800 mg/day with concurrent radiotherapy (Xue et al., 2011) is the most well-

known COX-2 inhibitor that shows anti-cancer role through antiproliferative, antiinvasive 

and antiangiogenic effects on an NPC cell line in a dose-dependent manner and besides its 

function in reducing cyclin D1 levels  (Chou et al., 2008; Chen, Ran, Hong, Chen & You, 

2010). The effects of inhibitor are also observed in NPC biopsy samples (Soo et al., 2005). 

Hence, to deal with NPC, celecoxib could be used as one of the targeted treatment regimens. 

Nevertheless, more studies on developing new drugs against COX-2 should be carried out, 

to further enhance the current existing regimen and therefore to provide better survival rate.  
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CHAPTER 4 

CONSTRUCTION OF MULTIGENE NASOPHARYNGEAL CARCINOMA (NPC) 

PROGNOSIS ASSESSMENT MODEL 

 

4.1 Introduction 

Occurrence and progression of complex diseases such as cancer involve complex and 

dynamic interaction of molecules. The complexity is impossible to be fully understood from 

studies focusing on a single parameter. Thus, the current direction now has shifted from 

understanding of the functions/roles of molecules to assimilation of those molecules in a 

pathway, network or model (Baranzini, 2009; Aitman et al., 2011). Integration and 

consolidation of vast body of data and findings into a pathway/network/model to reflect the 

dynamic in the biological system has enabled better diagnosis, prognosis, prevention and 

optimisation of drug usage as treatment strategy (Assmus, Herwig, Cho & Wolkenhauer, 

2006). Working beyond statistical analysis to reconstruct the data to provide a meaningful 

diagnostic/prognostic model in medical field is the current direction. Development of 

meaningful model is important in different medical aspects, especially in oncology (Assmus, 

Herwig, Cho & Wolkenhauer, 2006). However, the number of medically useful models to 

diagnose and monitor different kind of cancers are still lacking.  

 

Gail model is the most applied breast cancer risk prediction model (Gail, Brinton, Byar, 

Corle, Green, Schairer & Mulvihill, 1989; Gail & Benichou, 1994) and Bach model and 

Spize model (Bach et al., 2003; Spitz et al., 2007) are the two common examples of the lung 

cancer risk prediction models. There are also a numbers of existing NPC prognosis 

assessment models, such as prognostic nomogram integrating clinical characteristic and 
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hematological biomarkers (Li et al., 2018) and statistical prognostic score model to 

determine disease progression and survival of NPC patients (Zhang et al., 2013). However, 

these models are built from small sample size where the patients of each studies representing 

and reflecting the outcome only on the isolated location of studies, causing the model to 

show limited medical uses. Such NPC prognostic models have little/no medical uses as the 

models are relevant and significant only at isolated location of studies, limiting the usage of 

the model at other region. Besides, these models focus more on clinical characteristics rather 

than emphasized on functional prognostic biomarkers. Thus, this study aims to develop a 

multigene NPC prognosis assessment model focusing on functional genetic biomarkers by 

pooling different individual NPC prognostic meta-analysis studies via modification of meta-

analysis approach. Through this, a more reliable multigene NPC prognosis assessment 

model is derived due to pooling of a larger group of studies that are more significant and 

relevant besides reflecting the association and interaction among different biomarkers.  

 

 

4.2 Methods  

To integrate the information from the databases for generation of a multigene NPC prognosis 

assessment model that is useful for prognosis assessment, we proposed a method that adopt 

guidelines of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses 

(PRISMA) statement with relevant modifications. Literature search strategy, study selection 

criteria and data extraction were conducted as per described in PRISMA (refer to Appendix 

A, page 157-159). Data were statistically analysed and presented in the approach as shown 

in the following section.  
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4.2.1 Literature search strategy  

Electronic searching was comprehensively and systematically done on 26th of May 2019 on 

PubMed (https://www.ncbi.nlm.nih.gov/pubmed/), Science Direct 

(https://www.sciencedirect.com/) and Scopus (https://www.scopus.com/). The following 

combined keywords were used as search terms to retrieve potentially related articles and 

abstracts: Nasopharyngeal Carcinoma (NPC) and meta-analysis. Searching was confined to 

articles published within year 2005-2019 (15 years). Moreover, we manually screened and 

reviewed the reference lists of relevant articles to identify additional potentially eligible 

publications to prevent missing of important studies and thus to minimize publication bias.  

 

 

4.2.2 Study criteria (inclusion and exclusion criteria) 

Titles and abstracts of all the articles retrieved from literature search strategy were reviewed. 

Articles were included or excluded based on the inclusion and exclusion criteria stated below. 

Full texts of potential eligible studies were downloaded according to inclusion criteria for 

relevant data retrieve.  

 

In this study, studies of the following inclusion criteria were employed: (1) containing NPC 

patients, (2) involving meta-analysis of prognostic biomarkers, (3) including data related to 

hazard ratio (HR) with corresponding 95% confidence interval (CI), (4) done in human 

samples and (5) reported in English.   

 

Studies containing the following exclusion criteria were excluded: (1) not NPC related, (2) 

are not meta-analysis, (3) focused on treatments, (4) articles were single nucleotide 

https://www.scopus.com/
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polymorphism (SNP) related, (5) duplicated data, and (6) contained insufficient information 

to calculate the ln hazard ratio (lnHR).  

 

 

4.2.3 Method of data retrieves (data extraction) 

Data that were extracted after reviewing each eligible study were as followed: first author’s 

last name, publication year, types of prognostic biomarker examined in the studies, total 

number of patients included in the meta-analysis and hazard ratio (HR) with 95% confidence 

interval CI.  

 

 

4.2.4 Statistical analysis  

With all HRs of OS collected for different NPC prognostic biomarkers, Ln(HRs) were 

generated by computing formulas using Microsoft Excel (refer to Table 4.2 and Table 4.3). 

NPC prognosis assessment scores were assigned for each of the Ln(HRs) as designated 

below, shown in Table 4.1. The higher the score, the higher the impact of the biomarkers 

contributed to poorer overall survival in NPC patients.  

 

Table 4.1: Assignment of NPC prognosis assessment risk score in relation to Ln of HRs. 

Ln(HR) NPC Prognosis Assessment Risk Score 

0.0 ≤ Ln HR < 0.25 1 

0.25 ≤ Ln HR < 0.50 2 

0.50 ≤ Ln HR < 0.75 3 

0.75 ≤ Ln HR < 1.00 4 
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With all the compiled HRs of OS for different NPC biomarkers included, the pooled HR of 

a patient corresponding to all the over-expressed prognostic biomarkers were determined 

using the formula proposed by Parmar (Parmar, Torri, & Stewart, 1998).  

 

ln(𝐻𝑅𝑖) =

∑
ln⁡(𝐻𝑅𝑖(𝑡))

𝑣𝑎𝑟⁡[ln(𝐻𝑅𝑖(𝑡))]
𝑇
𝑡=1

∑
1

𝑣𝑎𝑟⁡[ln⁡(𝐻𝑅𝑖(𝑡))]
𝑇
𝑡=1

 

 

K was the number of total studies included and i = 1, …, K studies.  Pooled ln(HR) was 

determined via the following formula when estimate of log hazard ratio, ln(HRi) and its 

variance, var[ln(HRi)], were available. The overall log hazard ratio was a weighted average 

of the individual ln(HRi), with the weights inversely proportional to the variance of the 

ln(HRi) of each studies. Variance (var) was obtained by the following formula: 

 

Var[Ln(HRi)] = [(Ln (Upper CI) – Ln (Lower CI))/(2*1.96)]^2 

1.96 was the z-score for 95% CI for the HRs. 

 

Based on this formula, pooled HR was obtained by getting the exponential of pooled ln(HR). 

Pooled lower and upper confident intervals (CIs) were established via the formula stated 

below:  

 

Lower/Upper CI = eln(HR)±⁡√overall⁡Var[Ln(HR)] 

                 

A formulated table was designed in Microsoft Excel to obtain pooled HR and NPC prognosis 

assessment score for different patients with over expression of different prognostic 
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biomarkers. The details of the table construction were summarized in Table 4.2 and Table 

4.3.  

 

Table 4.2: The description for the designated cell and formula used in Microsoft Excel. 

Column Description Formula 

C6-15 Prognostic biomarkers Directly adopted from eligible 

studies 

D6-15 HRs of prognostic biomarkers Directly adopted from eligible 

studies 

E6-15 Lower limit of 95% CIs for HRs of 

prognostic biomarkers 

Directly adopted from eligible 

studies 

F6-15 Upper limit of 95% CIs for HRs of 

prognostic biomarkers 

Directly adopted from eligible 

studies 

H6-15 Ln of upper limit minus Ln of lower 

limit of 95% CIs for HRs 

Formula 

=(LN(F6)-LN(E6)) 

Extend for row 6 to 15 

I6-15 Variance Formula 

=(H6/3.92)^2 

Extend for row 6 to 15 

3.92 is obtained from two times of 

1.96 (the z-score of 95% CI) 

J6-15 Inverse of variance Formula 

= 1/ I6 

Extend for row 6 to 15 

L6-15 Ln HR Formula 

=LN(D6) 

Extend for row 6 to 15 

M6-15 Ln HR over variance Formula 

= L6/I6 

Extend for row 6 to 15 

N6-15 If prognostic biomarker in C6 is over 

expressed, A6 will be ticked, N will 

equal to M. If it is not over expressed, N 

= 0. 

Formula 

=IF(A6=TRUE,M6,) 

Extend for row 6 to 15 

O6-15 If prognostic biomarker in C6 is over 

expressed, A6 will be ticked, it will 

equal to J. If it is not over expressed, O = 

0. 

Formula 

=IF(A6=TRUE,J6,) 

Extend for row 6 to 15 

Q6-15 NPC prognosis assessment risk score Assigned as discuss in Table 4.1 
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Table 4.2 continued 

R6-15 If prognostic biomarker in C6 is over 

expressed, A6 will be ticked, R will 

equal to Q. If it is not over expressed, Q 

= 0. 

Formula 

=IF(A6=TRUE,Q,) 

Extend for row 6 to 15 

 

Table 4.3: The description for the designated cell and formula used in Microsoft Excel. 

Cell Description Formula 

N16 Sum of Ln HR over variance for over 

expressed prognostic biomarkers  

Formula 

=SUM(N6:N15) 

O16 Sum of inverse of variance for over expressed 

prognostic biomarkers  

Formula 

=SUM(O6:O15) 

R16 Sum of NPC prognosis assessment score for 

over expressed prognostic biomarkers 

Formula  

=SUM(R6:R15) 

B18  Ln of pooled HR for over expressed 

prognostic biomarkers 

Formula 

=N16/O16  

B19 Exponential of Ln of pooled HR for over 

expressed prognostic biomarkers  

Formula 

=EXP(B18) 

E18 Ln of lower limit of CI for HR of over 

expressed prognostic biomarkers 

Formula 

=B18-(1.96*(SQRT(O16^-1))) 

E19 Exponential of Ln of lower limit of CI for HR 

of over expressed prognostic biomarkers 

Formula 

=EXP(E18)  

H18 Ln of upper limit of CI for HR of over 

expressed prognostic biomarkers 

Formula 

=B18+(1.96*(SQRT(O16^-1))) 

H19 Exponential of Ln of upper limit of CI for HR 

of over expressed prognostic biomarkers 

Formula 

=EXP(H18) 

K19 Total NPC prognosis assessment score  Formula 

=R16 

 

The constructed multigene NPC prognosis assessment model shows its function after the 

expression of included prognostic biomarkers of NPC patients are determined via 

immunohistochemistry (IHC) using respective antibodies according to the standard protocol. 

After determining the over expressed prognostic biomarkers in the NPC patients via IHC, 

the boxes that corresponding to the over expressed biomarkers are selected in the respective 

column in the model. A total NPC prognosis assessment score of a patient is determined via 
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the summing up of the risk score corresponding to the Ln HR of the over expressed 

prognostic biomarkers. The higher the score, the more prognostic biomarkers with worse 

prognostic effect are found to be upregulated in that NPC patients. Thus, the more complex 

and advanced the NPC staging was. Besides, this allows the computational calculation of 

pooled HR with lower and upper CIs corresponding to the over expressed prognostic 

biomarkers in different NPC individual. The pooled HRs show the overall survival of the 

NPC patients. Some simulated trials are discussed in the results and discussions section in 

this chapter.   

 

 

4.3 Results and discussion 

4.3.1 Eligible studies 

The total number of studies from the initial search was 844, comprising 189 studies in 

Scopus, 483 studies in Science Direct and 172 studies in PubMed. Following review of the 

titles and abstracts, 716 irrelevant studies were excluded which were not NPC and not meta-

analysis related. The remaining 128 potentially relevant studies were selected for full-text 

review. A further 112 studies were excluded for the following reasons: 11 were single 

nucleotide polymorphism (SNP) studies, 59 were studies concerning types of treatment for 

NPC patients and 42 were duplicates. The remaining 16 studies were screened in details 

before data extraction. Seven studies were excluded from the 16 studies due to incomplete 

data (in six studies) and insignificant result (in one study where the CI of HR included one). 

Another study from our own finding (Chapter 3) was incorporated, generating a finally ten 

eligible studies for the development of biomolecular profile. A flow chart of this selection 

was shown in Figure 4.1.  
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Figure 4.1: Flow chart of studies selection for the development of multigene NPC 

prognosis assessment model (Ma et al., 2015). 

 

 

Finally, ten eligible studies containing pooled hazard ratios (HRs) regarding prognostic 

biomarkers in NPC are selected for the construction of multigene NPC prognosis assessment 

model. These were published from 2003 to 2019, and involved a total of 33,033 patients 

(495 to 13,789 per study). The ten studies provided ten sets of OS data.  The details of the 

studies and the clinical findings from these eligible studies were tabulated in Table 4.4.  
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Table 4.4: Characteristics of selected studies for the development of multigene NPC prognosis assessment model. 

 

 

First  

Authors 

Year of 

Publication 

No. of 

Patients 

Prognostic Biomarkers Hazard 

ratio 

95% Confidence 

Interval (CIs) 

(HR) Lower Upper 

Sim, C. C.  2020 Jan 495 Cyclooxygenase-2 (COX-2) 2.02 1.65 2.47 

Chen, Y. P. 2015 Aug 3752 Latent membrane protein 1 (LMP1) 2.48 1.77 3.47 

Wang, F. 2018 Oct 1345 Vascular endothelial growth factor (VEGF) 2.07 1.32 3.25 

Sun, W. 2013 Dec 1179 Epidermal growth factor receptor (EGFR) 1.86 1.25 2.77 

Zhai, C. 2017 Nov 13789 Serum lactate dehydrogenase (LDH) 1.86 1.66 2.08 

Fang, Y. 2017 Sep 5215 C-reactive protein (CRP) 1.84 1.57 2.17 

Yang, L. 2019 Apr 2921 Excision Repair Cross-Complementation Group 1 (ERCC1) 1.77 1.48 2.12 

Xie, W. J. 2018 May 1476 Hypoxia-inducible factor-1 alpha (HIF-1α) 1.77 1.35 2.32 

Zhang, C. M. 2018 Nov 2235 Lysyl oxidase (LOX) 1.68 1.52 1.87 

Liao, D. 2016 Feb 626 Matrix Metalloproteinase 9 (MMP9) 1.65 1.38 1.95 
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4.3.2 Statistical analysis 

Based on the methodology proposed, a multigene NPC prognosis assessment model was 

constructed in Microsoft Excel as shown in Figure 4.2. It was an empty setup (no biomarker 

was selected) showing different prognostic biomarkers with respective hazard ratio (HRs) 

and lower/upper confidence intervals (CIs). All the other parameter required for the 

determination of pooled HR, lower/upper CI and total NPC risk assessment score were 

formulated accordingly. Upon selection of over expressed biomarker(s) at Column A 

corresponding to the different over expression pattern of biomarkers in different NPC 

patients, the pooled HR, lower/upper CI and total NPC prognosis assessment score of a 

patient were auto generated and depicted as shown in Figure 4.3.  Ticking of Column A 

converted the FALSE into TRUE, and thus Column N, O and R showed associated values 

according to the formula set. The opposite was true. If Column A was not selected as the 

biomarker in Column C was not over expressed, Column N, O and R remained zero. Cell 

N16, O16 and R16 were the sum of the respective parameter which were used to obtain 

pooled HR, lower CI and upper CI for pooled HR and the total NPC prognostic assessment 

risk score for NPC patients corresponding to the over expressed prognostic biomarkers as 

shown in Figure 4.2. After determining the over-expressed biomarkers of a particular patient, 

the pooled HR, the lower CI, the upper CI and the total NPC assessment risk score were 

shown on cell B19, E19, H19 and K19 respectively as depicted in Figure 4.3.  
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Figure 4.2: Layout of the empty setup of multigene NPC prognosis assessment model in Microsoft Excel sheet. 

 

 

 

Figure 4.3: Layout of the empty results of multigene NPC prognosis assessment model in Microsoft Excel sheet.  
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Pooled HR greater than one predicts a worse prognosis compare to those with lower-

expressed biomarkers. For example, a pooled HR of 2.53 indicates that a patient has 153% 

higher risk to die compare to those biomarkers are lowly expressed. The larger the pooled 

HR, the poorer the prognosis. The pooled HR is significant if the lower and upper CI did not 

include one.  

 

With this prognosis assessment model, there are a total of 1023 possible combinations of 

different over expressed prognostic biomarkers available. So, there are 1023 different HRs 

with lower and upper CIs can be obtained. However, if none of the biomarker is over-

expressed, the pooled HR is given as one (no effect). The sum of the possible combinations 

is as shown in Table 4.5 using the mathematical combination of k subjects from a set of n 

objects, nCk where n=10 and k=1, … 10. Combination in this calculation involves no 

repetition of biomarkers and the order of the combination of different biomarkers was also 

disregarded.  Mathematical combination is incorporated as part of the prognosis assessment 

modelling due to its personalized-modifying application to different randomized cases for 

different NPC patients. For example, after testing on all the different biomarkers, the NPC 

patients might show only two over expressed prognostic biomarkers. They could be LMP1 

and MMP9, they could be ERCC1 and CRP or other combinations. By applying 

mathematical combination, it is shown that there are 45 different possible combinations. 

Hence, this model is unique to determine HR for the conditions of different NPC patients.  
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Table 4.5: The total possible combinations for over-expression of different biomarkers. 

Combination of biomarker(s)  

over expressed 

Formula of 

combination  

Number of possible 

combination(s) 

1 10C1 10 

2 10C2 45 

3 10C3 120 

4 10C4 210 

5 10C5 252 

6 10C6 210 

7 10C7 120 

8 10C8 45 

9 10C9 10 

10 10C10 1 

Total Possible Combinations 1023 

 

 

A few simulated trials are set to demonstrate the function and application of this model. The 

interpretation of the results obtained from the simulation are also discussed and explained to 

better understand the use of this model. 

 

Simulated trial 1: When only one of the biomarkers, for example LMP1 is overexpressed 

in NPC patients after IHC testing on all ten different biomarkers, cell A7 in the multigene 

NPC prognosis assessment model as shown in Figure 4.2 is selected. The FALSE in this cell 

changes to TRUE, and cell N7 (log of hazard ratio over variance), O7 (inverse of variance) 

and R7 (NPC prognosis assessment risk score) are computed accordingly (refer to Table 4.2 

for description). Simultaneously, cell N16, O16 and R16, which are the sum of the respective 
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parameter for column N, O and R are calculated (refer to Table 4.3 for description). R16 

depicts the total NPC prognosis assessment risk score which is also shown in cell K19. N16 

and O16 are used to determine pooled ln(HR) as shown in cell B18 and pooled HR is 

determined by getting the exponential of the value in cell B18 as shown in B19. O16 and 

B18 are used to determine the log of lower/upper confidence intervals (CIs) in cell E18 and 

H18 respectively. Exponential of the value in cell E18 and H19 derives the lower/upper CIs 

in cell E19 and H19. All the formulation discussed above occurs simultaneously when cell 

A7 is selected. Figure 4.4 showed the multigene NPC prognosis assessment model when 

LMP1 is over expressed and Figure 4.5 showed the outcome of the NPC patients 

corresponding to over expression of LMP1.  

 

Based on the results obtained, the pooled HR of the patient is 2.48 when LMP1 is over 

expressed. It implies that the NPC patient is 148% more likely to die compared to other NPC 

patients with lowly expressed LMP1. The significance of this results falls within the 

confidence intervals (CIs) of 1.77 to 3.47. These results are significant as the lower and 

upper CIs do not include one. The total NPC prognosis assessment risk score was 4 out of 

total score of 31. Small risk score indicated that a smaller number of biomarkers are involved 

in the NPC oncogenesis of that patient, and thus rendering the complexity of the cancer.  
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Figure 4.4: Output of multigene NPC prognosis assessment model when LMP1 is over expressed. 

 

 

 

Figure 4.5: Pooled hazard ratio, lower and upper confidence intervals and total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when LMP1 is over expressed. 
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Determination of the expression of the ten listed prognostic biomarkers in NPC patients via 

IHC might show over expression of only one biomarker. One patient might show over 

expression of LMP1 only and the other might show over expression of COX-2 or MMP9 

only. According to mathematical combination as shown in Table 4.5, there are ten different 

possible outputs for different NPC patients. This model allows the determination of pooled 

HR and NPC prognosis assessment risk score for any of the situations discussed above, 

corresponding to different over expressed biomarkers for different individual.  

 

Simulated trial 2: When five of the biomarkers, for example LMP1, VEGF, EGFR, ERCC1 

and MMP9 are overexpressed in NPC patients after IHC testing on all ten different 

biomarkers, cell A7, A8, A9, A12 and A15 in the multigene NPC prognosis assessment 

model (Figure 4.2) are selected. The FALSE in these cells changes to TRUE, and cell N7, 

N8, N9, N12 and N15 (log of hazard ratio over variance), O7, O8, O9, O12 and O15 (inverse 

of variance) and R7, R8, R9, R12 and R15 (NPC prognosis assessment risk score) are 

computed accordingly (refer to Table 4.2 for description). Simultaneously, cell N16, O16 

and R16, which are the sum of the respective parameter for column N, O and R are calculated 

(refer to Table 4.3 for description). R16 depicts the total NPC prognosis assessment risk 

score which is also shown in cell K19. N16 and O16 are used to determine pooled ln(HR) 

as shown in cell B18 and pooled HR is determined by getting the exponential of the value 

in cell B18 as shown in B19. O16 and B18 are used to determine the log of lower/upper 

confidence intervals (CIs) in cell E18 and H18 respectively. Exponential of E18 and H19 

derives the lower/upper CIs in cell E19 and H19. All the formulation discussed above occurs 

simultaneously when cell A7, A8, A9, A12 and A15 are selected. Figure 4.6 shows the 

multigene NPC prognosis assessment model when LMP1, VEGF, EGFR, ERCC1 and 
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MMP9 are over expressed and Figure 4.7 shows the outcome of the NPC patients 

corresponding to over expression of LMP1, VEGF, EGFR, ERCC1 and MMP9.  

 

Based on the results obtained, the pooled HR of the patient is 1.81 when LMP1, VEGF, 

EGFR, ERCC1 and MMP9 are over expressed. It implies that the NPC patient is 81% more 

likely to die compared to other NPC patients with lowly expressed LMP1, VEGF, EGFR, 

ERCC1 and MMP9. The significance of this results falls within the confidence intervals (CIs) 

of 1.62 to 2.01. These results are significant as the lower and upper CIs do not include one. 

The total NPC prognosis assessment risk score is 16 out of total score of 31. Intermediate 

risk score indicates that a larger number of biomarkers are involved in the NPC oncogenesis 

of that patient, and thus increasing the complexity of the cancer.  

 

Expression of the ten listed prognostic biomarkers in NPC patients determined via IHC 

might show over expression of only five biomarkers. One patient might show over 

expression of LMP1, VEGF, EGFR, ERCC1 and MMP9. Another patient might show over 

expression of COX-2, LMP1, CRP, ERCC1 and MMP9. Based on mathematical 

combination, there are 252 different possible combinations that can be formed from ten 

different biomarkers as shown in Table 4.5. This model allows the determination of pooled 

HR and NPC prognosis assessment risk score for any of the 252 situations discussed above, 

corresponding to personal output (different over expressed biomarker) for different 

individual. The same principal could be applied to the combination of different number of 

different over expressed biomarkers.  
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Figure 4.6: Output of multigene NPC prognosis assessment model when LMP1, VEGF, EGFR, ERCC1 and MMP9 are over expressed. 

 

 

 

Figure 4.7: Pooled hazard ratio, lower and upper confidence intervals and total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when LMP1, VEGF, EGFR, ERCC1 and MMP9 are over expressed. 
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Simulated trial 3: When all of the ten biomarkers are overexpressed in NPC patients after 

IHC testing on all ten different biomarkers, cell A6-A15 in the multigene NPC prognosis 

assessment model as shown in Figure 4.2 are selected. The FALSE in these cells changes to 

TRUE, and cell N6- N15 (log of hazard ratio over variance), O6-O15 (inverse of variance) 

and R6-R15 (NPC prognosis assessment risk score) are computed accordingly (refer to Table 

4.2 for description). Simultaneously, cell N16, O16 and R16, which are the sum of the 

respective parameter for column N, O and R are calculated (refer to Table 4.3 for description). 

R16 depicts the total NPC prognosis assessment risk score which is also shown in cell K19. 

N16 and O16 are used to determine pooled ln(HR) as shown in cell B18 and pooled HR is 

determined by getting the exponential of cell B18 as shown in B19. O16 and B18 are used 

to determine the log of lower/upper confidence intervals (CIs) in cell E18 and H18 

respectively. Exponential of the values in cell E18 and H19 derives the lower/upper CIs in 

cell E19 and H19. All the formulation discusses above occurred simultaneously when cell 

A6-A15 are selected. Figure 4.8 shows the multigene NPC prognosis assessment model 

when all the biomarkers are over expressed and Figure 4.9 shows the outcome of the NPC 

patients corresponding to over expression of all biomarkers.  

 

Based on the results obtained, the pooled HR of the patient is 1.99 when all the biomarkers 

are over expressed. It implies that the NPC patient is 99% more likely to die compared to 

other NPC patients with low expression of all biomarkers. The significance of this results 

falls within the confidence intervals (CIs) of 1.89 to 2.10. These results are significant as the 

lower and upper CIs do not include one. The total NPC prognosis assessment risk score is 

31 out of total score of 31. High risk score indicates that a larger number of biomarkers are 

involved in the NPC oncogenesis of that patient, and thus showing high cancer complexity.  
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Figure 4.8: Output of multigene NPC prognosis assessment model when all the biomarkers are over expressed. 

 

 

Figure 4.9: Pooled hazard ratio, lower and upper confidence intervals and total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when all the biomarkers are over expressed. 
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Expression of the ten listed prognostic biomarkers of NPC patients determined via IHC 

might show over expression of all biomarkers. Based on mathematical combination, there is 

only one possible combination that can be formed from these ten different biomarkers. The 

mathematical combination is as shown in Table 4.5. More examples of this is included in 

Appendix B (refer to page 160-169). Inclusion of more prognostic biomarkers enables the 

determination of OS more accurately.  

 

As far as we know, this is the first study that combined different meta-analysis studies 

conducted on different prognosis biomarkers to generate a multigene NPC prognosis 

assessment model. Existing NPC prognosis model such as prognostic nomogram of clinical 

characteristic and hematological/inflammatory biomarkers of NPC focused mainly on the 

clinical characteristics. Besides, these existing models comprise only 

hematological/inflammatory biomarkers rather than different types of prognostic biomarkers. 

The sample size used to construct these existing models is relatively small hence affecting 

the significance of the outcome. On top of that, the sample was from a single location, 

making the model applicable and pertinent only at the respective area of study (Li et al., 

2016; Li et al., 2018). Another example of existing NPC prognosis model was statistical 

prognostic score model to determine disease progression and survival of NPC patients 

(Zhang et al., 2013). However, this model included only a single biomarker, that was CXC 

motif chemokine ligand 5 (CXCL5). The sample size used to generate this model was small 

(n= 290) and has similar disadvantage as the model proposed by Li. Thus, the new multigene 

NPC prognosis assessment model in our study is a better updated NPC prognosis assessment 

model. Our model focuses more on the functional part (gene expression) and includes a large 

number of NPC prognostic biomarkers. The data incorporated in this study is adopted from 
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meta-analysis studies of respective biomarkers, making the data more significant and valid 

compared to individual study. Data from meta-analysis studies that are done by including 

various studies from different region, including China, Singapore, Taiwan and Korea, 

increased the usage of the model by minimising the regional restriction.   

 

A large total NPC assessment risk score showed that more prognostic biomarkers are over 

expressed. This indicates that the patient is of higher risk compare to those showing a small 

number. The higher the score indicates involvement of more biomarkers and thus further 

increase the complexity of NPC oncogenesis. Identification of the biomarkers allow the 

better selection of personalized treatment for the patient, thus increases overall survival. 

Identification of individualized treatment could be made possible by determining the 

interaction of different biomarkers in a molecular network model as reported in the next 

chapter.  

 

 

4.3.3 Limitations 

Several limitations were taken into account in this secondary meta-analysis. Firstly, a 

number of studies are excluded as they contained incomplete data. Such an exclusion might 

affect the pooled results to differ from true value. Also, meta-analysis that is done literature-

based is less valid than individual patient data-based analysis. Therefore, a molecular 

network pathway that proved the physiological interactions among the different biomarkers 

is constructed and discussed in the next chapter to further explain the role of the biomarkers 

in NPC oncogenesis.  
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CHAPTER 5 

CONSTRUCTION OF NASOPHARYNGEAL CARCINOMA (NPC) MOLECULAR 

NETWORK MODEL 

 

5.1 Introduction 

Development of complex diseases such as cancer involved multifactorial biological 

pathways. Combination and integration of genomics and/or proteomic data into a molecular 

network help to understand the mechanism that contribute to the progression of complex 

diseases. Molecular pathway network allow the discovery of risk factors that led to the 

occurrence of diseases and identification of individualized treatments (Zheng, Wei, Zhao & 

Ni, 2018).  

 

In this study, the robustness of the multigene NPC prognosis assessment model that is 

generated computational need further clarification with development of NPC molecular 

pathway network model. This helps to explain the physiological interactions among all 

prognostic biomarkers incorporated in the model. The interlinks between different 

biomarkers involve in the carcinogenesis and progression of NPC are displayed to justify 

the complex and dynamic interactions of the pooled biomarkers in the prognosis assessment 

model. This is done via literature reviewing of previous research done on the respective 

biomarkers. Relevant data are extracted, analysed and combined into a molecular pathway 

network as discussed in the following section.   
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5.2 Methods 

Based on the final ten prognostic biomarkers that were selected for the development of NPC 

biomolecular profile, literature search in the databases was done without restriction to 

determine the molecular reaction of individual biomarker and the interaction between 

different biomarkers that led to the formation of NPC. The relevant findings were discussed 

and the interactions and pathways were shown in flow diagrams (Figure 5.1 to Figure 5.4). 

Different pathways involved by different biomarkers were combined into a network (Figure 

5.5). The types of inhibitor for the expression of each biomarker were also tabulated (Table 

5.1) to determine the type of inhibitors used corresponding to the over expressed biomarkers.  

 

 

5.3 Results and discussion 

The detailed mechanism that leads to the progression and development of NPC is yet to be 

fully explored. Definitive NPC early diagnosis tool or biomarkers are not strongly 

established too. Besides, there were limited numbers of current NPC treatment available (Ng 

et al., 2005; Coghill et al., 2014). Hence, to understand the carcinogenesis of NPC 

comprehensively, research done to study the molecular mechanisms of NPC proliferation 

and progression need to be incorporated.   

 

The final ten prognostic biomarkers included in the prognosis assessment model are 

cyclooxygenase-2 (COX-2), latent membrane protein 1 (LMP1), vascular endothelial 

growth factor (VEGF), epidermal growth factor receptor (EGFR), lactate dehydrogenase 

(LDH), C-reactive protein (CRP), excision repair cross-complementation group 1 (ERCC1), 

hypoxia-inducible factor-1 alpha (HIF-1α), lysyl oxidase (LOX) and matrix 
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metalloproteinase 9 (MMP9). The detailed pathways involved by each biomarker are 

discussed below and NPC molecular network model is constructed.  

 

LMP1 is the principal oncogene of NPC (Wang, Liebowitz & Kieff, 1986) and LMP1-

positive cells enhance NPC metastasis (Ozyar, Ayhan, Korcum & Atahan, 2004). C-terminal 

activating regions 1 and 2 (CTAR 1 and 2) on LMP1 activates nuclear factor κ-B (NF-κB) 

pathway (Huen, Henderson, Carter & Rowe, 1995; Mainou, Everly & Raab-traub, 2005) 

which in turn activates COX-2, VEGF and CRP (Murono et al., 2001; Deng et al., 2003; 

Pine et al., 2011). CRP is an inflammatory biomarker and over expression of CRP causes 

metastasis and angiogenesis (Fang et al., 2017). Activation of nuclear factor κB (NF-κB) 

pathway also transactivates MMP9 and EGFR via activator protein 1 (AP-1) pathway 

(Yoshizaki, Sato, Furukawa & Pagano, 1998; Takeshita et al., 1999). High expression of 

MMP9 (an endopeptidase) and EGFR (a receptor tyrosine kinases) increase rate of 

metastasis in NPC (Horikawa et al., 2000; Zhang, Huang, Zhou & Lin, 2018). Simvastatin 

is an example of LMP1 inhibitor that potentiates chemotherapy treatment by enhancing the 

sensitivity of the treatment (Pioche-durieu et al., 2005; Mei et al., 2007). Activities of MMP9 

and EGFR are inhibited by Doxycycline (via exogenous inhibition) and Cetuximab (via 

phosphorylation and thus supresses EGFR production) respectively (Wu et al., 2016). The 

pathways discussed above are integrated and shown in Figure 5.1.  

 

COX-2 is an inflammatory biomarker that causes NPC carcinogenesis through multiple steps 

(Soo et al., 2005). COX-2 is involved in the conversion of arachidonic acid to prostaglandins 

(PGE), mediating cell proliferation, metastasis, angiogenesis and anti-apoptosis (Figure 5.2) 

(Tsujii & Dubois, 1995; Tsujii et al., 1998; Williams et al., 2000). The most commonly used 
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COX-2 inhibitor is Celecoxib. Non-steroidal anti-inflammatory drugs (NSAIDs) could 

inhibit COX-2 but they could also inhibit Cox-1, an undesirable reaction. Thus, Celecoxib 

is used to suppress tumour growth and to enhance radiotherapy outcome  (Tan & Putti, 2005). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.1: A molecular pathways involved by LMP1, CRP, COX-2, VEGF, MMP9 and 

EGFR in NPC oncogenesis (yellow boxes represented pathways and blue boxes 

represented prognostic biomarkers). 

 

 
 

 

 

 

 

 

 

Figure 5.2: Molecular activity of COX-2 in NPC oncogenesis (blue box represented 

prognostic biomarker). 
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HIF-1α is a hypoxic biomarker, triggered anti-apoptosis, promote metastasis and 

angiogenesis (Ji, 2014). Over expression of  HIF-1α induces the over expression of VEGF 

(Cox & Erler, 2011). VEGF is the most commonly known angiogenic factors (Dvorak, 

Brown, Detmar & Dvorak, 1995). Activation of VEGF leads to distant metastasis (Hui et al., 

2002; Hui et al., 2008; Lu et al., 2008). Tirapazamine (TPZ) is the common hypoxic inhibitor 

used to control the expression of both HIF-1α and VEGF via phosphorylation that in turn 

inhibits transcriptional activation of both biomarkers (Hong et al., 2011). Over expression 

of HIF-1α activates LOX, a hypoxic biomarker (Cox et al., 2013). Combined expression of 

LOX, HIF and VEGF promotes cancer cells to grow faster, leading to metastasis (Chung, 

Lee & Ferrara, 2010).  β-aminopropionitrile (BAPN) is an irreversible inhibitor that could 

inhibit the catalytic activity of LOX, halting metastasis, thus improving NPC overall survival 

(Tang, Trackman & Kagang, 1983; Xiao & Ge, 2012). Besides, high level of HIF-1α 

upregulates LDH which in turn caused distant metastasis (Fantin, St-Pierre & Leder, 2006). 

Oxamate is used for NPC patients with over expressed LDH, acting through oxidative 

phosphorylation (Zhai, Yang, Wan, Zhu & Wu, 2013). A molecular pathway network 

involved by HIF-1α, LDH, VEGF and LOX is summarized in Figure 5.3.  

 

ERCC1 is involved in nucleotide excision repair (NER) pathway that repaired DNA damage 

and thus halting cancer cells apoptosis (Reed, 2005; Olaussen et al., 2006). Patients are 

resistance to cisplatin-based chemotherapy if ERCC1 expression is high. High expression of 

ERCC1 in tumours correlates with low chemotherapy response and poor survival in patients 

treated with cisplatin-based induction chemotherapy (Huang et al., 2012). Figure 5.4 shows 

the reaction of ERCC1 upon chemotherapy treatment with cisplatin which in turn activates 

NER and rendering NPC cells anti-apoptosis.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Fantin%20VR%5BAuthor%5D&cauthor=true&cauthor_uid=16766262
https://www.ncbi.nlm.nih.gov/pubmed/?term=St-Pierre%20J%5BAuthor%5D&cauthor=true&cauthor_uid=16766262
https://www.ncbi.nlm.nih.gov/pubmed/?term=Leder%20P%5BAuthor%5D&cauthor=true&cauthor_uid=16766262
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Figure 5.3: A molecular pathway network involved by HIF-1α with LDH, VEGF and 

LOX in NPC oncogenesis (blue boxes represented prognostic biomarkers). 

 

 

 

 

 

 

 

 

Figure 5.4: A molecular pathway involved by ERCC1 after cisplatin-based chemotherapy 

that induced NER and caused anti-apoptosis in NPC (yellow box represented pathway and 

blue box represented prognostic biomarker). 
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consolidated into the network after integration of Figure 5.1, Figure 5.2 and Figure 5.3 as it 

is involved in the mechanism after NPC treatment. A final complex molecular pathways 

network of NPC is constructed as shown in Figure 5.5.  

 

From Figure 5.5, the interactions among the ten prognostic biomarkers incorporated in the 

multigene NPC prognosis assessment model are clearly shown. This network model 

supported the reports in the literature, that LMP1 is a principal oncogene in NPC 

carcinogenesis (Wang, Liebowitz & Kieff, 1986). Expression of LMP1 initiates the 

activation of a large number of downstream biomarkers listed in the multigene NPC 

prognosis assessment model either directly or indirectly through various pathways. Based 

on this, NPC patients that show high LMP1 expression via IHC testing would probably show 

over expression of the other downstream biomarkers too. The OS of the patients can then be 

determined via multigene NPC prognosis assessment model as per discussed in Chapter 4.  

 

Another biomarker that involves actively in NPC oncogenesis is HIF-1α, a hypoxic 

biomarker that induces the activation of high number of other biomarkers, such as VEGF, 

LDH and LOX. HIF-1α and LOX are both hypoxia biomarkers. Thus, NPC patient with 

upregulated HIF-1α is expected to show over expression of LOX (and vice versa) under 

hypoxic condition too. COX-2 and CRP are both inflammatory biomarkers. A patient that 

shows over expression of either one of the biomarkers is expected to show over expression 

of the other biomarkers under inflammatory environment. Similarly, the overall survival of 

such a patient can be predicted via the constructed multigene NPC prognosis assessment 

model from our study.  
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Figure 5.5: The NPC molecular network model comprised of ten biomarkers involved in the generation of multigene NPC prognosis 

assessment model (yellow boxes represented pathways and blues boxes represented the prognostic biomarkers). 
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Based on the network model (Figure 5.5), it is shown that most of the biomarkers contributed 

to NPC oncogenesis via metastasis. The types of inhibitors used to inhibit respective 

biomarkers in the network model were also summarized in Table 5.1. As concluded in Table 

5.1, reactions all the biomarkers included in the network model can be inhibited by specific 

inhibitors except CRP and ERCC1. To date, there is no targeted therapy to inhibit over 

expression of these two prognostic biomarkers. Thus, studies on these can be done to further 

enhance the validity of the constructed network model.  

 

Table 5.1: The inhibitors targeting different prognostic biomarkers in the network model.  

Prognostic Biomarkers Inhibitors 

COX-2 Celecoxib 

LMP1 Simvastatin 

VEGF Tirapazamine 

EGFR Cetuximab 

LDH Oxamate 

CRP ND 

ERCC1 ND 

HIF-1α Tirapazamine 

LOX β-aminopropionitrile 

MMP9 Doxycycline 

**ND = Not detected 

 

There are a few existing NPC networks that show oncogenesis in NPC. For example, 

signalling pathways in the pathogenesis of NPC initiated by LMP1 (Tulalamba & Janvilisri, 

2012) and miRNA signalling pathway in NPC (Fan et al., 2018). Pathway explained by 

Tulalamba and Janvilisri in 2012 showed mainly the involvement of LMP1 in the 

carcinogenesis of NPC by explaining the various molecular pathways that LMP1 took part 

rather than showing detailed interaction between LMP1 with other biomarkers. Another 
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model by Fan and colleagues in 2018 discussed only the interactions among different 

miRNA. These models although explained the mechanism of NPC oncogenesis, did not 

incorporate prognostic biomarkers as the key elements. Hence, as far as we know, the 

molecular pathway network constructed from our study is the first model that incorporated 

different prognostic biomarkers into one platform to show the different interactions that lead 

to NPC oncogenesis.  

 

This network model provides a new insight toward the complex interplay of biomarkers that 

leads to the occurrence of complex NPC. This network not only supports the physiological 

interactions among the biomarkers incorporated in the risk model, it also reflects the 

feedback mechanism between the biomarkers. Over expression of a certain biomarkers cause 

the over expression of another biomarkers, contribute to NPC oncogenesis.  Such a model 

also allows a faster and more accurate identification of panel biomarkers that activate the 

progression of cancer, and hence, enables the identification of the suitable drugs aiming at 

the target biomarkers to improve overall survival of NPC patients. The NPC molecular 

network model that is generated on molecular biology basis can function in complementary 

with multigene NPC prognosis assessment model that is generated on computational science 

basis, showing the multidisciplinary of this study.  

 

  



 

97 

 

CHAPTER 6 

GENERAL DISCUSSION 

 

Cyclooxygenase-2 (COX-2) is an inflammatory protein biomarker. Over expression of 

COX-2 is found to be involved in the carcinogenesis of various cancers, such as breast cancer 

(Costa et al., 2002), oral squamous cell carcinoma (OSCC) (Pan et al., 2008), head and neck 

squamous cell carcinoma (HNSCC) (Saba et al., 2009) and colorectal cancer (Peng, Zhou, 

Wang, Mou & Zhao, 2013). Studies to determine the prognostic significance of COX-2 have 

been done in nasopharyngeal carcinoma (NPC) too (Pan et al., 2009, Li, Luo, Xie, Li & 

Wang, 2018). These studies reported on the overall survival (OS) rate of NPC patients in 

terms of hazard ratios (HRs) in relation to the expression of COX-2. However, the sample 

size used in these studies are often small (n=35 and n=58) and the results are conflicting. A 

meta-analysis study to pool these studies into a single platform to draw a more relevant, 

significant and conclusive output is desirable. Hence, a meta-analysis to determine the 

prognostic significance of COX-2 in NPC in term of survival outcome (reported as HRs) is 

done in this study.  

 

In our study, the pooled HR obtained after conducting a meta-analysis of seven studies is 

2.02 [1.65, 2.47]. This HR value that is higher than one implies that COX-2 is a good 

prognostic biomarker in NPC patients, predicting worse overall survival rate. In other words, 

NPC patients with over expression of COX-2 have higher risk of death compared to those 

with low COX-2 expression. Through this meta-analysis, a more conclusive result is drawn 

from the conflicting results of the individual studies. Over expression of COX-2 also predicts 

worse survival rate in breast cancer and ovarian cancer (Xu, Li, Zhang, Cui, Liu, Li & Jiang, 



 

98 

 

2017; Sun, Zhang, Sun, Jia, Xu, Qiao & Jin, 2017), acting as a good prognostic biomarker 

that predicts worse survival outcome. COX-2 expression level shows an inverse relationship 

with overall survival rate of NPC patients. Having known that COX-2 is a prognostic 

biomarker in NPC, determination of COX-2 level helps to better predict the survival rate of 

the patients. Besides, suitable treatments can be given to the NPC patients to counter the 

effect of high COX-2 level, therefore to increase overall survival.  

 

The finding in this study is obtained through meta-analysis of studies from secondary data 

deposited in the databases. The result of our finding can be further verified through the 

determination of COX-2 level via immunohistochemistry (IHC) in a larger patient sample 

size at various locations of studies. The expression of COX-2 in relation to the overall 

survival rate of the NPC patients can be obtained and can be analysed as primary data source 

to verify the reliability and accuracy of our finding (that is, high COX-2 expression predicts 

worse survival outcome in NPC patients) obtained through analysis of secondary data. The 

primary results of these studies verify not only the meta-analysis study done in our study, 

the results can also be incorporated into our meta-analysis study. This increases the sample 

sizes used in the meta-analysis, thus making the pooled HRs of COX-2 more significant and 

relevant.   

 

Apart from meta-analysis of COX-2 in NPC done in our study, other meta-analysis studies 

on different biomarkers as to determine their prognostic significance in NPC have been done 

too. Examples are such as meta-analysis on excision repair cross-complementation group 1 

(ERCC1) (Yang et al., 2019), latent membrane protein 1 (LMP1) (Chen et al., 2015), 
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vascular endothelial growth factor (VEGF) (Wang et al., 2018), epidermal growth factor 

receptor (EGFR) (Sun et al., 2013), C-reactive protein (CRP) (Fang, Xu, Wu, Zhang, Li et 

al., 2017), hypoxia-inducible factor-1 alpha (HIF-1α) (Xie et al., 2018), lactate 

dehydrogenase (LDH) (Zhai, Gu, Zhai, Wang & Zhang, 2017), lysyl oxidase (LOX) (Zhang, 

Wu, Ye & Xue, 2018) and matrix metalloproteinase 9 (MMP9) (Liao, Huang, Zhu, Li, 

Huang & He, 2016) in NPC. However, comprehensive study to explain the interactions 

between all these biomarkers in terms of prognosis assessment is not done. In this study, we 

generated a multigene NPC prognosis assessment model by pooling the relevant meta-

analysis studies on different biomarkers into one platform via modification of Preferred 

Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) (Moher, Liberati, 

Tetzlaff, Altman & The PRISMA Group, 2009). Meta-analysis of COX-2 in NPC from our 

own study is incorporated into the model as well (Sim & Sim, 2020). 

 

With this multigene NPC prognosis assessment model, NPC patients can determine their 

overall survival. This is done by determining the expression of the prognostic biomarkers in 

the patients via IHC and the results of the test are incorporated into the model to compute 

HRs. The HRs generated corresponding to the number of prognostic biomarkers over 

expressed in different NPC patients. The HRs obtained are therefore specific for different 

NPC patients, reflecting personalized disease condition. Two NPC patients with five over 

expressed prognostic biomarkers might show different HRs value as the five over expressed 

biomarkers in two NPC patients might differ. The different HRs values show that the two 

NPC patients have two distinct survival outcomes due to the different interactions and 

pathogenesis involved by the different prognostic biomarkers in different NPC patients. 
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Thus, this model is suitable and applicable for different NPC patients, reporting personalized 

results.    

 

Besides determining the survival outcome of NPC patients computationally, the multigene 

NPC prognosis assessment model that is generated in this study can also be used to stratify 

NPC patients according to the over expressed biomarkers. For example, when this model is 

used by NPC patients in different regions, the types of over expressed prognostic biomarkers 

for different NPC patients in different regions can be recorded and stored. The data collected 

can be used to generate a statistic that is useful to determine the types of prognostic 

biomarkers that are most frequently over expressed in NPC patients of different regions. The 

over expression of a certain NPC prognostic biomarkers at different regions might show 

relationship to the respective environment or regional life style (eating habit). Thus, studies 

to identify the activator that trigger the over expression of the prognostic biomarker in NPC 

patients at those areas can be done to better monitor the occurrence of NPC.   

 

There are more NPC prognostic biomarkers than those included in our model. Biomarkers 

included are not chosen randomly but selected via specific inclusion and exclusion criteria 

(refer to Section 4.2.2, page 66-67). Individual studies on NPC prognostic biomarkers are 

not included in the model if meta-analysis on those studies is not done. Meta-analysis studies 

are chosen over individual studies reporting on the same biomarkers because the results are 

more significant and relevant. Therefore, if meta-analysis on those individual studies 

focusing on NPC prognostic biomarkers is done and incorporated into our multigene NPC 

prognosis assessment model, the model would be more significant and robust. When more 
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biomarkers are assimilated into the model, the pooled HRs that reflect the overall survival 

rate of NPC patients would be closer to the actual clinical outcome, ensuring a better medical 

practice of the model. Therefore, the model generated from our study can be updated from 

time to time by incorporating new meta-analysis studies on prognostic biomarkers of NPC, 

making the model better over time.  

 

The multigene NPC prognosis assessment model discussed in this study is constructed 

computationally. To provide further understanding to the prognosis assessment model, the 

physiological interactions between all the prognostic biomarkers that are pooled in this 

model are explained in a molecular basis with an aid of NPC pathway network model. This 

pathway network model provides further explanation to the prognosis assessment model 

although it does not prove or validate the prognosis assessment model. Based on the pathway 

network model generated, it shows the interactions among all the prognostic biomarkers 

included in the prognosis assessment model. By referring to the pathway network model, 

LMP1 is identified as the principal prognostic biomarker that triggers and activates NF-κB 

pathway. Activation of NF-κB pathway in turn potentially initiates the activation of a 

number of downstream prognostic biomarkers, such as CRP, HIF-1α, COX-2 and VEGF. 

Therefore, NPC patients with over expression of LMP1 tend to have over expression of the 

prognostic biomarkers mentioned above and the survival outcome can be determined via the 

prognosis assessment model in our study. Meta-analysis studies that focus on one prognostic 

biomarker in relation to overall survival, for example VEGF, can determine the survival 

outcome of the patient just by examining VEGF expression in that patient. However, 

determination of survival outcome in this manner is not as accurate because the expression 

of VEGF might be triggered by LMP1 and VEGF might also cause NPC carcinogenesis 
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through complex interactions with other prognostic biomarkers. However, all these 

possibilities are not considered in meta-analysis studies focusing on single prognostic 

biomarker. Therefore, assimilation of multiple genes into a single platform can better 

examine the survival outcome of NPC patient, getting a HR closer to the true clinical 

outcome.   

 

The NPC network pathway generated in our study fulfills four out of six biological 

capabilities of the hallmarks of cancer. These biological competencies involve in complex 

and multistep development of human tumours. The hallmarks of cancer included in our 

model are angiogenesis, anti-apoptosis (resistance to cell death), metastasis and proliferation 

(proliferative signalling). The other two hallmarks that are not considered in our model are 

growth suppressors evasion and ability of replicative immortality (Hanahan & Weinberg, 

2000). The other two hallmarks are not incorporated in the pathway network model as the 

prognostic biomarkers in the prognosis assessment model do not directly or indirectly 

involve in these two biological activities. A more comprehensive studies on NPC to develop 

a multigene NPC prognosis model that contain more prognostic biomarkers will enable 

generation of a more complex NPC pathway network model. Both of these models can 

incorporate more prognostic biomarkers, considering all the six hallmarks of cancer. By 

doing so, the multigene NPC prognosis assessment model and the NPC pathway network 

model would be more reliable and significant in the context of NPC prognosis. The general 

flow of this study is summarized in Figure 6.1.  
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Figure 6.1: The overall flow diagram of NPC prognosis study. 
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CHAPTER 7 

CONCLUSION AND FUTURE RECOMMENDATIONS 

 

7.1 Conclusion   

This study revealed the correlation of low survival rate among NPC patients with high COX-

2 expression. COX-2 was computationally identified for the first time as a significant 

prognostic biomarker for NPC concerning overall survival outcome of NPC patients. This 

study also showed that there was no correlation between high COX-2 expression with 

treatment outcome of NPC patients (confidence intervals of odd ratio included one).  

 

A multigene NPC prognosis assessment model was constructed with ten NPC prognostic 

biomarkers identified via modified PRISMA checklist. This model allowed prediction of 

overall survival with NPC prognostic assessment risk score of NPC patients corresponding 

to the over expression of different biomarkers in different NPC patients. This multigene NPC 

prognosis assessment model contained larger number of prognostic biomarkers compared to 

other existing models.  

 

A molecular pathway network was generated to explain the physiological interaction of the 

ten prognostic biomarkers incorporated in the multigene NPC prognosis assessment model. 

Pathway involved by the over expressed biomarker could be identified from this network 

and therefore suitable treatments could be chosen and applied to different NPC patients with 

different biomarker expression patterns. This could hence, increase the overall survival of 

NPC patients.   
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7.2 Future recommendations 

Development of standard protocol for the evaluation of COX-2 expression could now be 

applied as a mean in the management and treatment for NPC patients. More clinical studies 

on COX-2 regarding treatment response could be done to determine its actual effect in NPC. 

The application of the multigene NPC prognosis assessment model should be tested on NPC 

patients. The data collected could be analysed and the patients could be stratified into 

different prognosis level corresponding to the different over-expressed biomarkers. This, in 

other word, is external validation of the multigene NPC prognosis assessment model. Both 

the prognosis assessment model and the molecular pathway network could be updated with 

any new relevant findings deposited in the databases. Cost is another consideration in term 

of application of both these models in medicals scenario. Research to design a cost-effective 

instrument/tool that can determine the expression of prognostic biomarkers time effectively 

is a possible future direction to further into.      
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APPENDICES 

Appendix A: PRISMA Statement  

Section/ 

Topic 
# Checklist item 

Reported on 

page #  

TITLE 

Title 1 Identify the report as a systematic review, meta-

analysis, or both. 

 

ABSTRACT 

Structured 

summary 

2 Provide a structured summary including, as 

applicable: background; objectives; data sources; 

study eligibility criteria, participants, and 

interventions; study appraisal and synthesis 

methods; results; limitations; conclusions and 

implications of key findings; systematic review 

registration number. 

 

METHODS 

Protocol and 

registration  

5 Indicate if a review protocol exists, if and where it 

can be accessed (e.g., Web address), and, if 

available, provide registration information 

including registration number.  

 

Eligibility 

criteria  

6 Specify study characteristics (e.g., PICOS, length 

of follow-up) and report characteristics (e.g., years 

considered, language, publication status) used as 

criteria for eligibility, giving rationale.  

 

Information 

sources  

7 Describe all information sources (e.g., databases 

with dates of coverage, contact with study authors 

to identify additional studies) in the search and date 

last searched.  

 

Search  8 Present full electronic search strategy for at least 

one database, including any limits used, such that it 

could be repeated.  

 

Study 

selection  

9 State the process for selecting studies (i.e., 

screening, eligibility, included in systematic 

review, and, if applicable, included in the meta-

analysis).  

 

Data 

collection 

process  

10 Describe method of data extraction from reports 

(e.g., piloted forms, independently, in duplicate) 

and any processes for obtaining and confirming 

data from investigators.  

 

Data items  11 List and define all variables for which data were 

sought (e.g., PICOS, funding sources) and any 

assumptions and simplifications made.  

 

Risk of bias 

in individual 

studies  

12 Describe methods used for assessing risk of bias of 

individual studies (including specification of 

whether this was done at the study or outcome  
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Appendix A continued 

  level), and how this information is to be used in 

any data synthesis. 

 

Summary 

measures  

13 State the principal summary measures (e.g., risk 

ratio, difference in means).  

 

Synthesis of 

results  

14 Describe the methods of handling data and 

combining results of studies, if done, including 

measures of consistency (e.g., I2) for each meta-

analysis.  

 

    

Risk of bias 

across studies  

15 Specify any assessment of risk of bias that may 

affect the cumulative evidence (e.g., publication 

bias, selective reporting within studies).  

 

Additional 

analyses  

16 Describe methods of additional analyses (e.g., 

sensitivity or subgroup analyses, meta-regression), 

if done, indicating which were pre-specified.  

 

RESULTS  

Study 

selection  

17 Give numbers of studies screened, assessed for 

eligibility, and included in the review, with reasons 

for exclusions at each stage, ideally with a flow 

diagram.  

 

Study 

characteristics  

18 For each study, present characteristics for which 

data were extracted (e.g., study size, PICOS, 

follow-up period) and provide the citations.  

 

Risk of bias 

within studies  

19 Present data on risk of bias of each study and, if 

available, any outcome level assessment (see item 

12).  

 

Results of 

individual 

studies  

20 For all outcomes considered (benefits or harms), 

present, for each study: (a) simple summary data 

for each intervention group (b) effect estimates and 

confidence intervals, ideally with a forest plot.  

 

Synthesis of 

results  

21 Present results of each meta-analysis done, 

including confidence intervals and measures of 

consistency.  

 

Risk of bias 

across studies  

22 Present results of any assessment of risk of bias 

across studies (see Item 15).  

 

Additional 

analysis  

23 Give results of additional analyses, if done (e.g., 

sensitivity or subgroup analyses, meta-regression 

[see Item 16]).  

 

DISCUSSION 

Summary of 

evidence  

24 Summarize the main findings including the 

strength of evidence for each main outcome; 

consider their relevance to key groups (e.g., 

healthcare providers, users, and policy makers).  

 

Limitations  25 Discuss limitations at study and outcome level 

(e.g., risk of bias), and at review-level (e.g.,  
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Appendix A continued 

 

  incomplete retrieval of identified research, 

reporting bias). 

 

Conclusions  26 Provide a general interpretation of the results in the 

context of other evidence, and implications for 

future research.  

 

FUNDING 

Funding  27 Describe sources of funding for the systematic 

review and other support (e.g., supply of data); role 

of funders for the systematic review.  

 

 

(Moher, Liberati, Tetzlaff, Altman, & The PRISMA Group, 2009) 

  



 

160 

 

Appendix B: Examples of Outputs Using Multigene NPC Prognosis Assessment Model    

 

 

Figure B.1.1: Output of multigene NPC prognosis assessment model when one biomarker was over expressed. 

 

 

 

 

Figure B.1.2: Pooled hazard ratio, lower and upper confidence intervals and total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when one biomarker was over expressed. 
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Appendix B continued 

 

Figure B.2.1: Output of multigene NPC prognosis assessment model when two biomarkers were over expressed. 

 

 

 

Figure B.2.2: Pooled hazard ratio, lower and upper confidence intervals and total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when two biomarkers were over expressed. 
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Appendix B continued 

 

Figure B.3.1: Output of multigene NPC prognosis assessment model when three biomarkers were over expressed. 

 

 

 

Figure B.3.2: Pooled hazard ratio, lower and upper confidence intervals and total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when three biomarkers were over expressed. 
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Appendix B continued 

 

Figure B.4.1: Output of multigene NPC prognosis assessment model when four biomarkers were over expressed. 

 

 

Figure B.4.2: Pooled hazard ratio, lower and upper confidence intervals and total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when four biomarkers were over expressed. 
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Appendix B continued 

 

Figure B.5.1: Output of multigene NPC prognosis assessment model when five biomarkers were over expressed. 

 

 

Figure B.5.2: Pooled hazard ratio, lower and upper confidence intervals and total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when five biomarkers were over expressed. 

 

 



 

165 

 

Appendix B continued 

 

Figure B.6.1: Output of multigene NPC prognosis assessment model when six biomarkers were over expressed. 

 

 

Figure B.6.2: Pooled hazard ratio, lower and upper confidence intervals and total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when six biomarkers were over expressed. 
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Appendix B continued 

 

Figure B.7.1: Output of multigene NPC prognosis assessment model when seven biomarkers were over expressed. 

 

 

Figure B.7.2: Pooled hazard ratio, lower and upper confidence intervals and total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when seven biomarkers were over expressed. 
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Appendix B continued 

 

Figure B.8.1: Output of multigene NPC prognosis assessment model when eight biomarkers were over expressed. 

 

 

Figure B.8.2: Pooled hazard ratio, lower and upper confidence intervals and total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when eight biomarkers were over expressed. 
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Appendix B continued 

 

Figure B.9.1: Output of multigene NPC prognosis assessment model when nine biomarkers were over expressed. 

 

 

Figure B.9.2: Pooled hazard ratio, lower and upper confidence intervals and total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when nine biomarkers were over expressed. 
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Appendix B continued 

 

Figure B.10.1: Output of multigene NPC prognosis assessment model when all biomarkers were over expressed. 

 

 

Figure B.10.2: Pooled hazard ratio, lower and upper confidence intervals and total NPC prognosis assessment risk score in multigene NPC 

prognosis assessment model when all biomarkers were over expressed. 

   


