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Abstract 

The prognostic role of chromosomal copy number aberration in renal cell carcinoma (RCC) 

has been explored in several studies. Chromosome 9p deletion was reported as an 

independent prognostic factor in clear cell subtype (ccRCC). The findings from these studies 

initially appeared promising however they were of limited clinical applicability due to lack of 

standardisation of molecular techniques employed and short periods of follow-up. In 

addition these studies did not integrate 9p loss in well established, externally validated 

prognostic models to assess its impact on survival.  

The current research aimed to assess the impact of somatic copy number deletion of 

chromosome 9p using I-FISH to allow clinical and analytical validation of previous studies. 

In the current study, a variety of cytogenetic and molecular techniques was employed to 

assess copy number variation and zygosity status at chromosome 9p on two cohorts of 

patients with a minimum of eight years follow-up. A comprehensive protocol was designed 

for I-FISH scoring using a dual colour probe that hybridises to the CDKN2A region to 

facilitate further validation in future studies. There was a good degree of inter-observer 

agreement in the current study. Somatic copy number loss of chromosome 9p was 

associated with adverse histopathological features in ccRCC. It was also associated with a 

higher risk of recurrence and cancer-specific mortality. The integration of chromosome 9p 

loss improved the predictive accuracy of validated prognostic models for recurrence and 

cancer-specific survival respectively. 

The findings from microsatellites analysis on the same cohort of cases confirmed that loss of 

heterozygosity involving chromosome 9p21 in particular LOH at the coding region of 



13 

 

 

CDKN2A portends a worse prognosis in ccRCC in long term follow up and also validate the 

findings from I-FISH-based analysis of 9p deletion. Sixty percent of cases with LOH detected 

by microsatellites were copy number neutral (CNNLOH). A lack of sensitivity of 

microsatellites analysis in reference to FISH to detect copy number loss LOH was noted. 

Therefore, the current study has highlighted the importance of both techniques being 

considered complimentary, to assess copy number aberrations on chromosome 9p. The 

integration of the combination of copy number loss and LOH analysis at CDKN2A to 

prognostic models enhanced further their predictive accuracies expressed by concordance 

Index C.  

Immunohistochemistry was employed on the same cohort to assess if copy number loss or 

LOH was associated with reduced protein expression by certain genes on chromosome 9p. 

The genes examined were those reported to be implicated in cancer progression. There was 

no association between copy number aberrations on chromosome 9p and levels of 

expression. However, the higher expression levels of ADFP and CAIX and lower levels of p14, 

p15 and p16 in ccRCC were in keeping with the more aggressive nature of this subtype 

compared to the other less common subtypes. 

The array-based analysis within a different small cohort has demonstrated that copy 

number loss of the whole chromosome 9p is a common event in ccRCC and is more common 

than a segmental loss. It also validated the findings from the first cohort showing a survival 

advantage in patients without 9p loss. 

The current research not only validates previous reports on chromosome 9p in ccRCC but 

also had a more robust study design, in a large cohort with the longest follow-up known 
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worldwide to date. It highlights the role of CNV in predicting outcomes and opens the way 

for further studies to explore the underlying mechanisms responsible for ccRCC progression. 

It also justifies the need for further prospective studies assessing CNVs with zygosity status 

in addition to epigenetic changes and their effects on gene expression and the outcomes of 

surgically treated renal cell carcinoma.    
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1 Chapter I: Introduction 

 Epidemiology 1.1

Renal cell cancer is the eighth most common cancer in the UK and is the third most common 

urological malignancy after bladder cancer. It accounts for 2% of all the cancer deaths in the 

UK. It represents 3% of all new cancer cases in adults in the Western world [Landis et al, 

1999]. There were more than ten thousands cases of renal cancer diagnosed in the UK in 

2011, with a male to female ratio of 1.6:1. This ratio widens with increased age to become 

2.1:1 in men versus women above the age of 85. The crude incidence rate for new renal 

cancer is 20 cases for every 100,000 males and 12 for every 100,000 females in the UK. The 

incidence rises with age; with 75% of cases diagnosed in both genders between 2008 and 

2010 were aged 60 years and over  

In 2010, the calculated lifetime risk of developing renal cancer was 1 in 56 for men and 1 in 

90 for women (Cancer Research UK – October 2013).  

In the UK by the end of 2006, the 10-year prevalence of renal cancer was 26,500 cases who 

were still alive (National Cancer Intelligence Network One, five and ten-year cancer 

prevalence by cancer network, UK, 2006 (PDF 1.01MB) 2010).    

Rising trends in renal cancer incidence rates across all age groups have been observed since 

the mid-1970s in Great Britain. The widespread use of cross-sectional and ultrasound 

imaging that have resulted in more incidental detection of asymptomatic renal tumours 

could partly explain this rising trend. However in parallel, the increased incidence of 

localised renal cancer coincides with a rise in the incidence of advanced renal cancer. These 

http://www.ncin.org.uk/view.aspx?rid=76
http://www.ncin.org.uk/view.aspx?rid=76
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findings suggest that the detection of asymptomatic tumours by imaging alone cannot fully 

explain the increases seen for kidney cancer overall [Chow et al, 1999, Tate et al, 2003].  

 Risk Factors 1.2

1.2.1 Hereditary susceptibility: 

Renal Cell Carcinoma (RCC) occurs both in hereditary and sporadic forms. Although, renal 

cancer has many genetic predispositions compared to any other cancer, the hereditary form 

accounts only for 3% to 4% of all the new cases. The hereditary form usually affects younger 

patients and tends to be bilateral or multifocal [Choyke et al, 2003]. Individuals with a first-

degree relative affected with renal cancer are at 2-4 fold higher risk of developing renal 

cancer [Noordzij and Mickisch, 2004]. Among the rare well characterised genetic diseases: 

1.2.1.1 Von Hippel-Lindau (VHL) Disease 

It is an autosomal dominant disease predisposing to clear cell Renal Cell Carcinoma (ccRCC) 

in 50% of cases [Choyke et al, 1995, Choyke et al, 2003, Horton et al, 1976]. It is 

characterised by inactivation of both alleles of the VHL tumour suppressor gene located on 

chromosome 3p. It results from the inheritance of a mutated VHL allele. The loss or 

mutation or silencing of the remaining normal VHL allele (Wild type) results in the 

development of renal cancer [Cohen and McGovern, 2005].  

1.2.1.2  Hereditary papillary renal cell cancer (HPRCC) 

It is an autosomal dominant disease predisposing mainly to type 1 papillary renal cancer 

(pRCC). It was first reported by Zbar et al in 1995 [Zbar et al, 1995]. It is characterised by a 

driver mutation of the C-MET proto-oncogene on chromosome 7q31.1-35 that encodes for 
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MET protein; a receptor tyrosine kinase for hepatocyte growth factor; also a promoter of 

cell proliferation, invasion and survival of cancer cells [Schmidt et al, 1997].  In this 

condition, an inherited allele of the MET gene has an activating mutation. Chromosome 7, 

which includes the defective MET allele, is duplicated, leading to over-expression of the 

disinhibited MET protein receptor, even in the absence of the ligand (hepatocyte growth 

factor). 

1.2.1.3  Hereditary Leiomyomatosis and renal cell cancer (HLRCC) 

It is an autosomal dominant disease predisposing to type II papillary renal cancer (pRCC) in 

addition to cutaneous leiomyomata and uterine fibroid [Launonen et al, 2001]. This 

syndrome is exclusively characterised by a driver mutation involving fumarate hydratase 

(FH) gene on chromosome 1q42.3-43 [Toro et al, 2003]. It represents the most aggressive 

inherited renal cancer syndrome [Zbar et al, 2003]. 

1.2.1.4  Burt-Hogg-Dubé Syndrome 

It is rare autosomal dominant disorder characterised by hair follicle tumours of the face and 

neck, lung cysts and pneumothorax [Birt et al, 1977, Weirich et al, 1998, Zbar et al, 2002]. 

Between 7.5% and 36% of patients from the affected cohorts often develop chromophobe 

or mixed chromophobe–oncocytomas [Toro et al, 2008]. BHD, the gene implicated in the 

syndrome, located on chromosome 17p, encodes the protein folliculin, a suspected tumour 

suppressor [Nickerson et al, 2002]. 



18 

1.2.1.5  Other syndromes 

In addition to the above syndromes, chromosome 3p translocation [Cohen et al, 1979], 

tuberous sclerosis and succinate dehydrogenase (SDHB) gene mutation [Ricketts et al, 2008] 

predispose to hereditary renal cancer.  Briefly, genetic syndromes are summarised in table 

1.1. 

Table 1.1: Common hereditary syndromes predisposing to renal cancer 

Hereditary 

syndromes 

Mode of 

inheritance 

Responsible 

gene/ 

Location 

RCC subtype Clinical manifestations 

Von-Hippel 

Lindau 

Autosomal 

Dominant 

VHL gene – 

3p25 

Clear cell hemangioblastomas, 

pheochromocytoma, 

pancreatic and hepatic 

cysts 

Hereditary 

Papillary Renal 

Cell Cancer 

(HPRCC) 

Autosomal 

Dominant 

C-Met proto-

oncogene –

7q31.1-35

Papillary Type I Associated with breast, 

pancreas and lung 

cancer 

Hereditary 

Leiomyomatosis 

and Renal Cell 

Cancer (HLRCC) 

Autosomal 

Dominant 

Fumarate 

Hydratase 

(FH) – 

1q42.3-q43 

Papillary Type II Cutaneous 

leiomyomata, uterine 

fibroids 

Burt-Hogg-Dubé 

Syndrome 

Autosomal 

Dominant 

BHD gene – 

17p11.2 

Chromophobe, 

oncocytoma, 

clear cell or 

papillary 

Spontaneous 

pneumothorax, hair 

follicle tumours 

1.2.2 Environmental susceptibility: 

Smoking and obesity are the most consistently established modifiable risk factors for the 

development of renal cancer accounting for 20% and 30% of cases, respectively [Lipworth et 

al, 2009]. In a meta-analysis by Renehan et al, the reported relative risk for the development 
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of renal cancer in men and women for every 5kg/m2 increase in BMI was 1.24 and 1.34, 

respectively [Renehan et al, 2008]. Also, Lipworth et al. in a meta-analysis showed a relative 

risk of 1.54 and 1.22 for the development of renal cancer in male and female smokers, 

respectively [Lipworth et al, 2006].  

In a large prospective study, including over 290,000 cases, hypertension increased the risk of 

renal cancer in both genders, irrespective of the type of anti-hypertensive drugs used 

[Weikert et al, 2008]. 

 Presentation 1.3

Between 40% and 60% of cases are asymptomatic and incidentally diagnosed on abdominal 

imaging performed for non-specific symptoms or other abdominal conditions. This has 

significantly shifted the stage at the diagnosis in the last two decades.  There are an 

increasing number of small renal masses (SRM) less than 4 cm being diagnosed now 

[Hollingsworth et al, 2006]. In modern urology, the classical triad of haematuria, loin pain 

and mass is no longer the classical presentation of renal cancer. It only represents 10% of 

newly diagnosed cases of renal cancer [Lee et al, 2002, Patard et al, 2003]. 

On the other hand, almost one-third of renal cancer cases present with non-specific or 

paraneoplastic syndrome symptoms [Lee et al, 2002]. The most common paraneoplastic 

syndromes associated with renal cancer are hypertension, anaemia, polycythaemia, 

hypercalcaemia, weight loss, pyrexia and liver dysfunction.  Only a small proportion of renal 

cancer presents with symptoms of the metastatic disease such as a cough or bony pains 

[Kim et al, 2003].  
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 Diagnosis 1.4

1.4.1 Imaging 

Computed tomography CT) scan with contrast remains the gold standard for radiological 

diagnosis of renal cancer. Malignant renal lesions, being highly vascular, characteristically 

enhance on post contrast images [Israel and Bosniak, 2005]. Also, CT provides functional 

and morphological information on the contralateral kidney. It assesses extrarenal tumour 

extension, renal vein involvement, adrenals and liver involvement, locoregional lymph node 

status.  It is always combined with chest imaging to rule out chest metastases [Ljungberg et 

al, 2010]. 

Magnetic resonance imaging (MRI) provides an alternative to CT in certain circumstances, 

such as an allergy to iodinated contrast medium or in pregnancy with normal renal functions 

[Putra et al, 2009]. MRI provides more accurate information on tumour thrombus extension 

into the inferior vena cava compared to CT scan imaging [Mueller-Lisse and Mueller-Lisse, 

2010]. 

Contrast-enhanced ultrasound scan (CEUS) is another useful imaging modality to 

characterise both solid and cystic renal lesions in patients with chronic renal impairment in 

whom iodinated or gadolinium-based contrast media are contraindicated [Cokkinos et al, 

2013]. CEUS can help in the assessment of complex renal cysts with the same accuracy as 

contrast CT [Ascenti et al, 2007].  
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1.4.2 Renal mass biopsy 

Imaging is often sufficient to confirm the diagnosis of renal cancer prior to radical treatment 

without the need for pre-operative diagnostic tissue histological confirmation.  The pre-

surgical biopsy had a perceived high false negative rates and a high rate of complications in 

the past. Also, since there was no alternative treatment to surgical extirpation, and almost 

90% of solid enhancing renal masses are malignant, a preoperative biopsy was believed to 

have a limited role. Over the last decade, active surveillance and ablative surgery for small 

renal masses as well as targeted therapy for metastatic RCC have become acceptable 

options of treatment. This has awakened interest in a pre-intervention biopsy of renal 

tumours. Moreover, recent advances in imaging modalities, biopsy techniques and 

integration of cytogenetic profiling with histopathological parameters, have enhanced the 

diagnostic accuracy [Barocas et al, 2007, Chyhrai et al, 2010, Roh et al, 2010] and reduced 

the complication rates from renal mass biopsies [Lane et al, 2008]. Therefore, in 

contemporary urology practice, percutaneous image-guided biopsies of solid renal masses 

have gained a crucial role in certain circumstances such as: 

 Confirmation of renal cancer diagnosis prior to minimally invasive nephron-sparing 

ablative surgeries such as cryoablation and radiofrequency ablation 

 Selection of patients with small renal masses and low-grade disease for active 

surveillance vs. surgery 

 Confirmation of renal cancer subtype to select the most suitable pharmacologic 

targeted therapy in the metastatic disease setting 
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1.4.3 Histological diagnosis 

The 2004 WHO classification distinguished the different histological subtypes of renal cell 

carcinoma (RCC) [Lopez-Beltran et al, 2006]. Clear cell RCC (ccRCC) is the most frequently 

occurring subtype accounting for 70 - 88% of cases [Cheville et al, 2003, Gudbjartsson et al, 

2005, Lopez-Beltran et al, 2006, Moch et al, 2000]. The other malignant morphotypes 

include papillary RCC (pRCC) (8 – 15%) [Gudbjartsson et al, 2005, Lopez-Beltran et al, 2006] , 

chromophobe RCC (2 – 5%) [Gudbjartsson et al, 2005, Lopez-Beltran et al, 2006, Moch et al, 

2000] and collecting duct carcinoma (1%) [Novara et al, 2010]. 

 What is a “Biomarker” 1.5

Biomarker was defined by The National Institutes of Health Biomarkers Definitions Working 

Group as a characteristic that is objectively measured and evaluated as an indicator of 

normal biological processes, pathogenic processes, or pharmacologic responses to a 

therapeutic intervention.[Biomarkers Definitions Working Group., 2001] A biomarker has to 

be measured accurately and reproducibly. Biomarkers can be diagnostic; and serve to detect 

the presence or the absence of a disease process. Also, Biomarkers can be prognostic and 

serve in assessing severity and progression of a certain disease when measured versus 

endpoints such as death or development of complications. They can be used to determine 

the response of a disease to an intervention, or the effectiveness of a new drug therapy. 

An ideal biomarker should be easily obtained and not invasive to patient. A biomarker 

tested in urine or a blood sample is more preferred than an internal organ biopsy. 

Moreover, the results of a biomarker test should have a rapid return.  Finally, a reliable 
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biomarker will have a sensitive and a specific detection method that is highly accurate and 

reproducible in different clinical laboratories. 

Table 1.2 states different forms of biomarkers used in clinical practice. 

Table 1.2: Examples of different forms of biomarkers 

Form of biomarker example Condition 

Protein or peptides Prostate-Specific Antigen Prostate cancer 

Circulating antibodies IgG, IgM Rheumatoid arthritis 

Metabolites Urinary phenylalanine Phenylketonuria 

Lipids Cholesterol, LDL, HDL Cardiovascular disease 

Hormones Thyroid stimulating 

hormone (TSH) 

Hashimoto’s disease 

Enzyme levels AST, ALT Hepatocellular carcinoma 

Blood cells White Blood Cells (WBCs) Infection. Cancer 

Physiological states Blood pressure or fever Sepsis 

Imaging Cross-sectional imaging Response of metastatic cancer to 

chemotherapy 

Gene amplification HER2 gene Breast cancer 

Radio-labelled 

pharmaceutical agent 

Radio-active Iodine Hyperthyroidism 

 

 Genetic biomarkers for diagnosis of renal cell carcinoma  1.6

Genetic profiling of renal cancer subtypes has been performed in several studies. Specific 

chromosomal aberrations have already been identified in the various subtypes of renal 

cancer. This was made possible by the use of conventional karyotyping and comparative 

genomic hybridization techniques. Moreover, cytogenetic subtyping of renal tumours, based 

on biopsies, has been explored in few studies. The results were promising showing that a 

combination of histopathology and fluorescence in situ hybridization can lead to a better 
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diagnostic yield than without the use of these techniques [Barocas et al, 2007, Chyhrai et al, 

2010, Roh et al, 2010]. 

Sporadic clear cell renal cell carcinoma (ccRCC) has been characterised by loss of 3p in 90% 

of cases [Junker et al, 2003, van den Berg and Dijkhuizen, 1999]. Papillary RCC is 

characterised by trisomy of chromosomes 7 and 17 and loss of Y chromosome [Kovacs et al, 

1991, Kovacs et al, 1997]. Chromophobe RCC exhibits multiple numerical deletions of 

chromosomes 1, 2, 6, 10 and 17[Brunelli et al, 2010]. Collecting duct carcinoma shows a 

wide variety of aberrations involving chromosomes 1, X, Y with either translocations or 

deletions. Also, chromosomes 13 and 22 are affected [Antonelli et al, 2003].  

Translocation RCC can resemble ccRCC. It is defined by translocation involving chromosome 

Xp11.2, resulting in TFE3 gene fusions. This leads to a strong and diffuse nuclear expression 

of TFE3 protein in tumour cells which is a characteristic feature on immunohistochemistry. 

The other variant involves translocation of TFEB gene on chromosome 6p to the alpha gene 

on chromosome 11q12, causing expression of the TFEB protein. There was an 80% 

consensus between pathologists to employ either I-FISH or immunohistochemistry to aid 

the diagnosis of translocation RCC in patients less than 40 years old treated for renal 

tumours [Delahunt et al, 2013].  

Immunohistochemistry has been employed as an adjunct technique to aid the diagnosis and 

subtyping of renal tumours and in occasional situations to confirm metastases of renal 

origin. There is a wide variety of markers that have been reported. However, the perfect 

marker is yet to be identified. Some of the most commonly used markers include: PAX8, 

PAX2, CD10, CAIX, AMACR, hKIM-1, and kidney-specific cadherin. They play an important 
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role in circumstances such as tumours with complex morphology, tumours with possible 

distal nephron origin, for differential diagnosis of oncocytic tumours, when translocation 

tumour is suspected, tumours with clear cell features and papillary growth, and in 

carcinomas arising in young patients. There are a few issues surrounding 

immunohistochemical markers. First, there is a large variety of antibodies, with the majority 

of them being evaluated in no more than a single publication with a significant lack of 

validation studies. Second, some markers showed conflicting results, which stems from the 

inter-lab variability due to differences in methodology and lack of standardisation of scoring. 

Also, there is very limited data on its application in needle biopsies and aspiration cytology.  

Finally, most of the studies focus on classic cases rather than the unclassified or difficult to 

classify ones.  They should best be applied as panels of antibodies, taking into consideration 

a differential diagnosis. 

  Prognostic biomarkers in renal cell carcinoma 1.7

The evaluation of prognosis and response to therapy in patients affected with RCC should 

take into account clinical, anatomical, histopathological and molecular factors.  

1.7.1 Anatomical factors 

Anatomical factors include tumour size, renal vein or caval involvement, renal sinus 

invasion, perinephric fat invasion, collecting system invasion, adrenal gland invasion, lymph 

node involvement and distant metastasis. 

Tumour, Node, Metastasis (TNM) staging system for renal cancer (Table 1.3) summarises 

and best represents the anatomical prognostic factors. Staging, whether it is clinical or 
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pathological, remains the strongest independent predictor of RCC disease-specific survival 

(DSS). The TNM staging has undergone frequent modifications, the last being in 2009 [Sobin 

et al, 2009], in an attempt to accommodate emerging evidence. Despite continuous 

refinement and validation in a single centre and multi-institutional studies, some issues still 

exist, such as: overlapping prognoses between pT2b and pT3a on one hand, and pT3c and 

pT4a substages on the other hand. Furthermore, patients within the substages pT3a and 

pT3b had heterogeneous outcomes [Kim et al, 2011b, Novara et al, 2010]. 

Table 1.3: 2009 TNM classification: 

T – Primary tumour 

Tx Primary tumour cannot be assessed 

No evidence of primary tumour T0 

T1 Tumour < 7 cm in greatest dimension, limited to the kidney 

T1a Tumour < 4 cm in greatest dimension, limited to the kidney  

T1b Tumour > 4 cm but < 7 cm in greatest dimension 

T2 Tumour > 7 cm in greatest dimension, limited to the kidney 

T2a Tumour > 7 cm but < 10 cm in greatest dimension 

T2b Tumours > 10 cm limited to the kidney 

T3 Tumour extends into major veins or directly invades adrenal gland or perinephric 

tissues but not into the ipsilateral adrenal gland and not beyond Gerota’s fascia 

T3a Tumour grossly extends into the renal vein or its segmental (muscle-

containing) branches or tumour invades perirenal and/or renal sinus 

(peripelvic) fat but not beyond Gerota’s fascia 

T3b Tumour grossly extends into the vena cava below the diaphragm 

T3c Tumour grossly extends into vena cava above the diaphragm or invades the 

wall of the vena cava 

T4 Tumour invades beyond Gerota’s fascia (including contiguous extension into the 

ipsilateral adrenal gland) 

 

N – Regional lymph nodes  

Nx Regional lymph nodes cannot be assessed 

N0 No regional lymph node metastasis 

N1 Metastasis in a single regional lymph node 
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N2 Metastasis in more than 1 regional lymph node 

 

M – Distant Metastasis 

M0 No distant metastasis 

M1 Distant metastasis 

 

1.7.2 Histopathological factors 

The International Society of Urological Pathology (ISUP) 2012 Consensus Conference 

introduced important recommendations regarding histopathological prognostic factors. 

Tumour factors, which have to be reported and taken into account during the assessment of 

prognosis include histological morphotype, tumour necrosis, grade, microvascular invasion, 

and sarcomatoid or rhabdoid differentiation. 

1.7.2.1  Tumour morphotype  

Histological subtype of RCC has been proven to be an independent prognosticator on 

multivariate analysis in a large multi-institutional study [Novara et al, 2010], after taking into 

consideration the 2004 WHO renal tumour classification. The clear cell, collecting duct and 

unclassified subtypes had the worst prognosis compared to chromophobe and papillary 

RCC. 

Furthermore, a recent study, with over 3000 patients treated surgically for renal cancer, 

confirmed that the clear cell subtype had a higher risk of cancer-related death and 

metastasis compared to the non-clear subtypes [Leibovich et al, 2010]. 
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Also, two morphologically and cytogenetically different papillary RCC subtypes (types 1 and 

2) have been recognised with dissimilar prognoses [Gunawan et al, 2003, Pignot et al, 2007]. 

The ISUP Consensus Conference recommended the differentiation between the two types. 

Also, a consensus was reached that clear cell tubulopapillary RCC carried a better prognosis 

compared to clear cell and papillary subtypes [Delahunt et al, 2013]. 

1.7.2.2  Tumour Grade 

The Fuhrman grading system is the most widely used in RCC. Originally, it was based on 

nuclear features, with the first three grades defined by nuclear features including nucleolar 

prominence, nuclear size; and the fourth grade characterised by the degree of nuclear 

pleomorphism. However, these criteria were poorly defined which have resulted in difficulty 

in assigning a grade and a large degree of inter-observer variability. Previous studies have 

illustrated a large variation between different grades and their association with outcome. In 

contrast, clear cell RCC studies showed a significant difference in outcome between the low 

grades (1&2) versus higher grades 3 and 4 [Delahunt, 2009].  There was increasing evidence 

that most pathologists had to rely mainly on nucleolar prominence alone for grading.  

Reports showed good association with outcome in clear cell and papillary subtypes 

[Delahunt et al, 2011, Sika-Paotonu et al, 2006]. This suggested that nucleolar prominence 

was a valid way of grading. As a result, the International Society of Urological Pathology 

(ISUP) Consensus Conference in 2012 suggested a new grading system, only for clear cell 

and papillary subtypes. The new grading system defines grades 1 to 3 based on nucleolar 

prominence and grade 4 based on the presence of sarcomatoid or rhabdoid features and 

extreme nuclear pleomorphism [Delahunt et al, 2013]. On the other hand, given the 
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characteristic nuclear atypia within chromophobe RCC [Delahunt et al, 2007], ISUP deemed 

the new grading system inappropriate for chromophobe RCC grading.  

1.7.2.3  Tumour necrosis 

The presence of tumour necrosis has been reported in all three main subtypes of renal 

cancer. It should be clearly distinguished from haemorrhage, hyaline degeneration and 

fibrosis.  

It has been proven to have an independent impact on survival in the clear cell subtype 

[Frank et al, 2002, Moch et al, 2000]. Some authors gave more emphasis on the volume of 

coagulative necrosis within the tumour as a more important measure than just its presence 

on the prognosis [Klatte et al, 2009b]. The ISUP consensus decision was that tumour 

necrosis is an independent prognostic factor in clear cell RCC. It should be reported 

microscopically and macroscopically and the amount of necrosis should be reported as a 

percentage for clear cell RCC. 

1.7.2.4  Sarcomatoid changes 

Sarcomatoid differentiation can occur in any RCC subtype, but most commonly is seen in 

collecting duct (25% - 29%)[de Peralta-Venturina et al, 2001, Ro et al, 1987] and clear cell 

RCCs (5% – 8%)[Amin et al, 2002, Cheville et al, 2004, de Peralta-Venturina et al, 2001]. 

Sarcomatoid RCC has been characterised genetically by multiple chromosomal gains and 

losses, especially losses on 13q (75%) and 4q (50%). It is believed that it can arise from any 

subtypes, particularly clear cell as a result of genetic divergence during clonal evolution. 
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It is a sign of advanced disease with almost 90% of patients are symptomatic at initial 

presentation [Cheville et al, 2004, Mian et al, 2002]. Also, between 47% and 70% of tumours 

showing sarcomatoid features are metastatic at presentation, with multiple metastatic sites. 

Moreover, tumours exhibiting sarcomatoid differentiation are usually large with a mean size 

ranging between 9 and 11 cm.  Sarcomatoid changes are an indicator of poor prognosis with 

a reported 5-year cancer specific survival ranging between 15% and 22%.  

1.7.2.5  Rhabdoid differentiation 

Rhabdoid differentiation refers to tumour cells differentiating into cells similar to 

rhabdomyoblasts. It is associated with poor prognosis and is seen in poorly differentiated 

tumours. It is mostly associated with clear cell subtype [Delahunt et al, 2013]. However, it 

was reported in all other subtypes. Rhabdoid differentiation is less common than 

sarcomatoid differentiation and it could present in the same tumours. Usually, tumours with 

rhabdoid features are locally advanced with 70% of the reported cases being metastatic at 

the time of diagnosis. They usually carry a poor prognosis with 40 to 50% five-year cancer-

specific mortality reported. The ISUP 2012 consensus, with 99% of participants agreed to 

report rhabdoid features besides the diagnosis of the associated subtype of RCC.    

1.7.2.6  Microvascular invasion 

RCC is a highly vascular tumour with small branches of thin-walled vessels in between the 

tumour cells. Microvascular invasion (MVI) as reported on histopathology has varied 

between 5.6 and 45% in previous studies [Delahunt et al, 2013]. This large variation stems 

from the inclusion of various subtypes of renal cancer in some studies while other studies 

focused only a single subtype [Pichler et al, 2012]. Some authors relied only on single 
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pathologist reports [Pichler et al, 2012] while others relied on a centralised review of the 

slides [Kroeger et al, 2012].  

Several studies concluded that MVI was an independent prognosticator for cancer-specific 

death [Pichler et al, 2012, Santiago-Agredano et al, 2013]. However, in a more recent study 

with over 2000 cases, MVI was not an independent prognostic factor in multivariate analysis 

for cancer-specific survival despite being significant in univariate analysis [Kroeger et al, 

2012]. 

Therefore, the prognostic value of MVI remains a matter of debate at best. The ISUP 

consensus conference in 2012 to concluded that, to date, there is not enough evidence to 

support the theory that MVI is an independent prognostic factor for renal cancer disease. 

1.7.3 Clinical factors 

Clinical factors with an independent effect on prognosis include performance status [Elson 

et al, 1988, Motzer et al, 1999, Tsui et al, 2000], presence of metastasis [Takashi et al, 1997], 

weight loss [Fossa et al, 1994, Neves et al, 1988], anaemia[Motzer et al, 1999, Negrier et al, 

2002], neutrophilia [Negrier et al, 2002], thrombocytosis [O'Keefe et al, 2002, Symbas et al, 

2000], raised erythrocyte sedimentation rate (ESR) [Hannisdal et al, 1989, Masuda et al, 

1998], and hypercalcaemia [Tsui et al, 2000]. 

1.7.4 Molecular prognostic factors 

A molecular genetic biomarker for potential prognostication could be a molecule from an 

intracellular pathway and/or specific DNA alterations. Molecules from intracellular 

pathways could be detected by gene expression studies and immunohistochemistry studies. 
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DNA alterations could be in the form of cytogenetic abnormalities and DNA copy number 

variations, or somatic gene mutations or epigenetic gene inactivation. 

Much research in the recent years investigated the role of molecular markers in predicting 

prognosis and response to treatment in renal cancer. However, none of these markers has 

been translated into clinical practice or been proven to improve the predictive accuracy of 

the existing prognostic models. Therefore, none of them is recommended for use in routine 

clinical practice [Tan et al, 2013]. This gap between research and clinical practice could be 

explained by a variety of reasons such as methodological differences introducing bias 

(especially in retrospective studies), poor study design including small samples, lack of 

standardisation of the biomarker assay employed, and unsuitable statistical analyses 

[McShane et al, 2005]. This led to a lack of reproducibility and even conflicting results, 

especially for prognostic and predictive biomarkers. 

Molecular markers which have been investigated include carbonic anhydrase IX (CAIX), 

vascular endothelial growth factor (VEGF), hypoxia-inducible factor (HIF), Ki-67 

(proliferation), p53, PTEN (phosphatase and tensin homolog) (cell cycle), E-cadherin, C-

reactive protein (CRP), osteopontin and CD44 (cell adhesion). Also, gene expression profiling 

in ccRCC has been researched showing promising results but there is still a lack of a reliable 

prognostic factor [Ljungberg et al, 2015]. 

In the ISUP 2012 survey, the majority of the pathologists confirmed that they do not 

routinely use any of those markers for prognostication purposes [Tan et al, 2013]. It 

highlights the significant gap in translational research in the field of prognostic molecular 

biomarkers in RCC.  
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 Prognostic models 1.8

Several nomograms to predict the prognosis in RCC relying on clinical and pathological 

parameters have been developed and externally validated.  Nomograms for non-metastatic 

disease RCC have approached an accuracy of 90% [Meskawi et al, 2012]. The most widely 

used prognostic models for localised RCC include University of California Integrated Staging 

System (UISS) and the Mayo Clinic SSIGN score. Both have been externally validated with 

some evidence suggesting the marginal superiority of the latter over the former in 

predicting prognosis [Ficarra et al, 2009]. 

Models for patients with metastatic disease treated with Interferon or VEGF inhibitor 

therapy are still inaccurate with predictive accuracy ranging between 60 and 75% 

[Karakiewicz et al, 2011, Kim et al, 2011a, Motzer et al, 2008]. The two most widely used 

and recommended by the European Guidelines are Motzer’s MSKCC prognostic model and 

Heng’s model [Heng et al, 2009, Motzer et al, 2008]. Both have been externally validated 

with other models, including the Cleveland Clinic Foundation (CCF) model, the prognostic 

French model and The International Kidney Cancer Working Group (IKCWG) model in a 

recent study by Heng et al. The Predictive accuracy of all these models was around 65% 

[Heng et al, 2013] (Table 1.4).  

The ability to measure the predictive accuracy represents a major advantage of these 

prognostic models and serves as benchmarks. This allows an objective evaluation of all new 

prognostic biomarkers. Any new prognostic variable or model should demonstrate a better 

predictive accuracy compared to the conventional postoperative prognostic algorithms 

before being adopted. 
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The integration of molecular or cytogenetic biomarker besides pathological and clinical 

parameters, has been attempted to improve the prognostication of these nomograms 

[Karakiewicz et al, 2007, Kim et al, 2005, Klatte et al, 2009a]. Some immunohistochemical 

markers have been integrated in prognostic nomograms to predict prognosis after 

nephrectomy in all stages or in localised or in metastatic ccRCC; such as vimentin, survivin, 

p53, CAIX, PTEN, Ki-67, p21, p53, Endothelial VEGFR-1, Epithelial VEGFR-1 and Epithelial 

VEGFD-D [Kim et al, 2005, Klatte et al, 2009c]. The predictive accuracy of these nomograms 

ranged between 68% and 90%. The only cytogenetic marker added to a prognostic 

nomogram for all stages of ccRCC following nephrectomy, including TNM stage and 

Fuhrman grade, was the loss of chromosome 9p based on karyotyping, reaching a predictive 

accuracy of 89% [Klatte et al, 2009a]. Despite these promising results, none of these 

nomograms was analytically or externally validated. 

Table 1.4: Anatomical, histological and clinical parameters in the most commonly used 
prognostic models for localised and metastatic RCC – Table adopted from EAU guidelines 
on renal cancer published in 2015 
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 Genetic basis of cancer 1.9

It is now widely accepted that cancer results from the accumulation of mutations in the 

genes that directly control cell birth or cell death. It has been argued that an underlying 

genetic instability is required for the generation of the multiple mutations that underlie 

cancer. 

The genetic alterations in tumours can be the result of: 

(i) Subtle sequence changes that involve base substitutions or deletions or insertions of 

a few nucleotides. These alterations cannot be detected by cytogenetic analysis and 

require genome sequencing. 

(ii) Alterations in chromosome number that involve losses or gains of whole 

chromosomes (aneuploidy). Such changes are found in nearly all human tumour 

types. An Example is the gain of chromosome 7 in papillary renal carcinomas, 

reflecting a duplication of a mutant MET oncogene.  

(iii) Chromosomal translocations that can be detected cytogenetically as fusions of 

different chromosomes or of normally non-adjacent segments of a single 

chromosome. At the molecular level, the fusions between two genes result in a 

transcript with tumorigenic properties. 

(iv) Gene amplifications are seen at the cytogenetic level as homogeneously stained 

regions or double minutes.  At the molecular level, multiple copies of an `amplicon' 

containing a growth-promoting gene(s) can be seen. The amplicons are different 

from the duplications of much larger chromosome regions that result from 
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aneuploidy and translocations. An example is the amplification of N-myc gene that 

occurs in 30% of advanced neuroblastomas and HER2 gene in breast cancer. 

The genetic basis of cancer is a very complex and involves a sheer number of genetic 

aberrations that have not been fully understood or characterised. Cancer is the clonal 

expansion of genetically aberrant cells. Genetic instability innately affects cell birth or death 

[Lengauer et al, 1998]. However, the mechanism by which it causes cancer it is not fully 

understood in most cancers. In renal cancer, the hereditary forms allowed to identify the 

gatekeeper genes that predispose to sporadic forms. However, the mechanisms by which a 

tumour becomes more aggressive and the underlying genetic changes have not been fully 

understood. 

In general, the main mechanisms involve either proto-oncogenes or tumour suppressor 

genes, which control normal cell growth or programmed cell death. However, it is never 

that straightforward and very few cancers can be linked to one particular gene dysfunction. 

This is due to the complexity of genetic material in cancers which can be explained by the 

theory of genomic instability. 

All cancers result from acquired somatic alterations in the DNA of cancer cells. However, 

that does not imply that all the somatic abnormalities present in a cancer genome play a 

role in the development or progression of cancer. Therefore, the concept of driver and 

passenger mutation has been adopted. 

A driver mutation is directly implicated and cause oncogenesis. It confers growth advantage 

on the cancer cell. A driver mutation is not required for maintenance of the final cancer. 
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However it does often play a crucial role in the survival of cancer. But, it must have been 

selected at some point along the lineage of cancer development. 

A passenger mutation has not been selected, and does not confer clonal growth advantage 

and therefore does not contributed to cancer development. Passenger mutations are found 

within cancer genomes because somatic mutations without functional consequences often 

occur during cell division. Thus, a cell that acquires a driver mutation will already have 

biologically inert somatic mutations within its genome. These will be carried along in the 

clonal expansion that follows and therefore will be present in all cells of the final cancer. 

Genomic instability has a random nature, but within it, there must be critical pathways 

causing the clonal expansion of malignant cells. It is difficult to locate essential genes 

involved in cancer development and progression and to investigate the specificity of these 

genes to cancer types or stages. A way suggested, to resolve this issue, is through 

comparison of normal cells against different cancer cell types at different stages. It would 

permit to identify the specific genetic aberrations associated with each stage of cancer and 

find the significant genes.   

 Chromosomal Aberrations 1.10

Chromosomal aberrations can vary from vast numbers of chromosomes seen in some 

tumour karyotypes on a large scale to tiny, undetectable changes. These small changes can 

involve only a couple base pairs, occurring as deletions or insertions (Lengauer et al, 1998). 

Aneuploidy is defined as a chromosome number that is not an exact multiple of the usually 

haploid number. While polyploidy is defined as having a chromosome number that is a 

multiple greater than two of the monoploid number.  Segmental aneuploidy is the loss or 
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gain of part of a chromosome [Torres et al, 2008]. These changes do not just occur in a 

numerical sense, but the structure of chromosomes can change. Translocation of 

chromosomes occurs frequently, and parts of one chromosome can be found joined to 

another [Lengauer et al, 1998]. These can be balanced where all 23 pairs of homologous 

chromosomes are present somewhere in the cell even if in different segments, or they can 

be unbalanced where the translocation also involves loss of one part of a chromosome, 

usually in association with a gain of part of a chromosome. There is a vast range of 

surprisingly complex structural abnormalities. Examples include acentric fragments, ring 

chromosomes, iso-chromosomes, insertion, inversion and long or short chromosomes. 

(http://atlasgeneticsoncology.org/Educ/PolyMecaEng.html) 

 Common methods used to assess copy number variations (CNVs) 1.11

1.11.1 Karyotyping 

Karyotyping or classical cytogenetics using banding methods plays an important role in the 

characterization of different types of chromosomal abnormalities. Karyotyping examines 

chromosomes in cells to help identify genetic aberrations as the cause of a disease. 

(http://www.nlm.nih.gov/medlineplus/ency/article/003935.htm) 

Although Karyotype analysis detects big chromosomal aberrations, such as loss or gain of an 

entire or portions of a chromosome and translocations, many of the changes that cause 

disease are very small and require other methods to be detected.  

Cancer cytogenetics is a challenging discipline. Karyotyping requires fresh tissue to perform 

tumour cell culture to accumulate sufficient numbers of mitotic cells of suitable quality for 

http://atlasgeneticsoncology.org/Educ/PolyMecaEng.html
http://www.nlm.nih.gov/medlineplus/ency/article/003935.htm
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chromosome analysis. Problems arise in disaggregating the material to produce the cell 

suspensions required for harvest of metaphase cells and short-term cultures. Many tumours 

contain areas of necrosis or show low mitotic activities resulting in poor growth rate, tissue 

culture failure and suboptimal chromosome morphology in tumour metaphase 

preparations.  

Also, the analysis relies predominantly on the subjective interpretation based on the 

accumulated experience of the cytogeneticist.  The analytical phase is very time-consuming. 

Usually the chromosomal origin of unidentified marker chromosomes generates composite 

banding patterns that cannot be resolved with confidence or precision, so that small 

translocations, small insertions, small inversions, small amplifications, or tiny deletions may 

go undetected.  

1.11.2 Fluorescence In-Situ Hybridisation (FISH) 

Fluorescence in-situ hybridization (FISH) analysis began when conventional cytogenetics was 

combined with recombinant DNA technology to form a new discipline called molecular 

cytogenetics. It is the most widely employed adjunct molecular genetic tool by 66% of the 

pathologists who responded to the questionnaire in the International Society of Urological 

Pathology (ISUP) consensus meeting in Vancouver 2012 [Tan et al, 2013] 

FISH involves the binding, or annealing, of fluorescence labelled, target-specific nucleic acid 

probes to their complementary DNA sequences and the subsequent visualisation of these 

probes within cells in the tissue examined. 
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Initially, the DNA or RNA sequences are denatured to become single stranded. Then an 

appropriate probe is selected and applied. The selection of the right FISH probe is a crucial 

step in achieving its role as a diagnostic test. FISH can only detect the chromosomal 

abnormalities that are specifically targeted by the probes used. Different probes are used 

depending on the diseases or malignancies under investigation [Chen and Chen, 2013]. 

 In direct fluorescence labelling, the fluorochrome to be detected by the fluorescence 

microscope is directly bound to the probe DNA. Subsequently, the fluorescently labelled 

probe and the target DNA sequences are hybridised together. Post-hybridization washings 

get rid of the excess unbound probe. Then the slides are examined.  

As FISH can be performed on formalin-fixed paraffin-embedded tissue, the pathologist can 

select a precise area or areas of the tumours to be examined. This allows correlation 

between I-FISH results and the adverse histopathological features of the tumour. 

Each probe that hybridises to a cell nucleus appears as a fluorescent signal. Each signal 

represents a single copy of the locus labelled with a homologous DNA sequence. Diploid 

cells will have two signals. If the signal is duplicated in the region of interest, the gain will 

result in more than two signals. Conversely, if there is a deletion in the region of interest, 

one or no signals will be detected.  

In practice, three to four probes can be combined into a single multicolour I-FISH 

experiment. For example, different probes can be labelled with different colours such as 

red, green, yellow, and aqua, which allow simultaneous assessment of multiple cytogenetic 

anomalies. The maximum number of probes in a single experiment is limited to four 
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[Gerami and Zembowicz, 2011]. The number of signals per nucleus can be detected either 

manually or with automated analysis bases on designed software. It is mandatory that a 

sufficient number of cells be examined to achieve a reliable result. The results of I-FISH are 

usually reported as a percentage of nuclei or cells showing a loss or gain of a particular 

chromosomal region. The cut-off signals needed to be considered an abnormal FISH result, 

must be determined and validated with appropriate controls for each probe tested. Because 

the cut-off values are empirically derived, the values may differ among laboratories. 

Needless to say, rigorous interrogation of cut-off values is important to the robustness of an 

I-FISH assay [Gerami and Zembowicz, 2011]. 

I-FISH technology has greatly benefited cancer cytogenetics. The technique is ideal as it is 

rapid and can be performed on any tissue (fresh, frozen, or formalin fixed paraffin 

embedded), touch preps or cell cultures. The use of interphase I-FISH directly on tumour 

tissue enables the detection of chromosomal aberrations without the need for metaphase 

chromosomal preparations [Barbara G. Beatty et al, 2002]. Numerical chromosome 

aberrations, deletions, and translocations can all be identified in interphase nuclei providing 

important diagnostic and prognostic information. Interphase I-FISH analysis has its unique 

ability for documenting cell-to-cell heterogeneity which makes it particularly important in 

the assessment of intratumour heterogeneity.  

FISH has its limitations including the probe design requires the knowledge of specific 

chromosomal abnormalities to be studied, cut-off signals may differ among laboratories, 

processing errors, imperfect hybridization, non-specific binding, photo-bleaching, inter-

observer variability, and false positive and negative results are possible. 
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Copy number aberration must be present in 30–50% of the cells for CGH analysis to detect. 

On the other hand, I-FISH requires only 20–30 well-visualized cells to yield an accurate 

assessment of fluorescence signals. Therefore, I-FISH can be used in bulky tumours and 

tumours with a small proportion of malignant component of the overall cellular populations. 

Last, I-FISH can detect balanced translocations that are not detectable with array-CGH 

[Gerami and Zembowicz, 2011]. 

1.11.3 Array Comparative Genomic Hybridisation (aCGH) 

Comparative genomic hybridization (CGH) allows genome-wide screening for copy number 

variations in solid tumours, unlike traditional techniques that rely on the examination of a 

single target and prior knowledge of the region under investigation. Conventional CGH 

relied on two genomes, a test and a control, which are differentially labelled and 

competitively hybridised to metaphase chromosomes. The fluorescent signal intensity of 

test in relation to that of the reference DNA, can then be linearly represented by a plot 

across each chromosome to allow the detection of copy number aberrations [Kallioniemi et 

al, 1992]. Moreover, CGH does not require cells that are undergoing division from cell 

culture as in karyotyping [Speicher et al, 1993]. However, as with earlier cytogenetic 

methods, the CGH resolution was limited to alterations up to 10 M [Lichter et al, 2000].  

In an attempt to improve the resolution of traditional CGH, scientists have developed a 

more advanced technique that combines CGH with microarrays technology. Array CGH 

relies on slides arrayed with small segments of DNA called probes as the targets for analysis 

instead of using metaphase chromosomes [Lucito et al, 2003]. Reference and test DNA 

hybridise with probes on the array under competitive conditions. The probes can either be 
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synthesised oligonucleotides representing areas of interest in the genome, or genomic 

clones such as bacterial artificial chromosomes. The resolution of aCGH is proportionally 

higher than that of traditional CGH due to the use of probes instead of metaphase 

chromosomes. The level of resolution is determined by the size of the probes represented 

on the microarray and the genomic distance between the probes. 

The main advantage of aCGH is its ability to identify aneuploidies, deletions, gains including 

duplications or amplifications of any locus represented on an array simultaneously. Array 

CGH technique is equivalent to thousands of I-FISH experiments, with the advantage of 

being less time-consuming and less labour intense. Also, due to its high resolution, aCGH is a 

powerful method for the detection of submicroscopic CNVs [Shaffer et al, 2007]. 

1.11.4 Microsatellite analysis  

Microsatellites are short tandem repeats of DNA sequences that are made of units of 1 to 4 

nucleotides. The units can be repeated at variable rates in a given microsatellite leading to 

genetic polymorphism. Most of the microsatellites exist in non-coding regions of the 

genome. Therefore, the variation in the number of unit repeats has no effect on gene 

function. This characteristic enables their use as genetic markers. Microsatellites analysis 

has been widely employed for mapping, to trace allelic inheritance and to investigate the 

somatic loss of heterozygosity. 

The microsatellite is amplified by polymerase chain reaction (PCR) using primers in the 

flanking sequences. The size of the DNA amplified depends on the number of repeats 

present in the microsatellite. Individuals typically have two alleles for all microsatellites. The 

amplified microsatellites of both alleles will show as two separate peaks if the number of 
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repeats of one allele is different from the other. In certain circumstances, only one peak is 

present representing one allele. If both copies of microsatellite have the same number of 

repeats, only one peak will be visible and the case will be called homozygous. Whereas, a 

case will be called hemizygous or loss of heterozygosity if there is a deletion involving the 

microsatellite region. Loss of heterozygosity is a common phenomenon in tumours. Loss of 

heterozygosity at one allele can present due to copy number loss or copy number neutral 

loss of heterozygosity (LOH). The latter, also known as uniparental disomy (UPD), results 

from isodisomy due to recombination. 

Microsatellite analysis, using paired control (blood or normal renal tissue) and tumour DNA, 

is a sensitive technique for detecting LOH in tumours. Microsatellite analysis is fast and 

inexpensive and can be performed on degraded DNA extracted from formalin fixed paraffin-

embedded tissue. Moreover, in comparison to aCGH and I-FISH, microsatellite typing can 

detect copy number neutral LOH. 

 Cytogenetics in sporadic RCC and copy number aberrations  1.12

In an attempt to identify a reliable prognostic factor, many cytogenetic studies have 

investigated aberrations of chromosomes in relation to pathological parameters and clinical 

outcomes. The focus of these studies was on the most common subtypes of RCC: clear cell 

and papillary [Gunawan et al, 2003, Klatte et al, 2009a, Klatte et al, 2009, Moch et al, 1996]. 

1.12.1 Clear-cell Renal Cell Carcinoma: 

Loss of short arm of chromosome 3 is the most frequent chromosomal copy number 

variation (CNV) in ccRCC, reported in more than 70% of sporadic cases. It distinguishes 
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ccRCC from other subtypes and is associated with better survival in patients affected with 

this subtype [Kroeger et al, 2013]. Other cytogenetic anomalies have been reported and 

were associated with a more favourable outcome in ccRCC. The gain of region 5q31, in a 

study by Gunawan et al, was associated with prolonged survival in high-grade ccRCC. 

[Gunawan et al, 2001]The gene of alpha-catenin (CTNNA1) located in the same region and 

plays a crucial role in the structural and functional organisation of intercellular adhesion and 

contact. The poor immunohistochemical expression of this protein was proven to be 

associated with poor prognosis in ccRCC [Shimazui et al, 1997]. In contrast, the 

overexpression of the PTTG1 protein encoded by pituitary tumour transforming gene also 

located on the long arm of chromosome 5 (5q33.3) was associated with poor prognosis 

[Wondergem et al, 2012].   

On the other hand, some other chromosomal imbalances are associated with poor cancer-

specific survival in ccRCC such as the loss of chromosome 4 (4p), 14q and 9p. However, the 

9p deletion was the only aberration that retained its prognostic significance in multivariate 

analysis [Klatte et al, 2009a]. Also, the deletion of Y chromosome is a common non-random 

CNV observed in ccRCC [Kovacs and Frisch, 1989]. This aberration was also observed in 

other cancers. The loss of Y chromosome was associated distant metastasis in ccRCC and 

some other adverse histological features. However, the loss of Y chromosome showed a 

prolonged survival in male patients with metastatic disease [Klatte et al, 2009a].  

Also, trisomy of chromosome 7 is a frequent aberration in ccRCC [Glukhova et al, 1998, 

Gunawan et al, 2001, Klatte et al, 2009a]. It has no known prognostic value in ccRCC.  The 

gain of the long arm of chromosome 8 (8q), which harbours the c-MYC oncogene on the 

8q24 region, was observed in 28 out of 336 tumours studied by karyotyping. This aberration 
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was found to be associated with metastatic disease and risk of cancer-specific death, and on 

multivariate analysis was confirmed to be an independent prognostic factor [Klatte et al, 

2012]. 

The loss of short arm of chromosome 8 (8p) was reported in several ccRCC studies ranging 

between 20% and 33% [Klatte et al, 2009a, Presti et al, 2002, Schullerus et al, 1997]. Only in 

one study, the 8p loss was associated with higher grade and stage [Schullerus et al, 1997] 

but had no independent prognostic value in ccRCC. 

1.12.2 Papillary RCC 

The vast majority of papillary RCCs are sporadic with 2 recognised, histologically and 

cytogenetically different subtypes. The sporadic forms show frequently trisomy of 

chromosome 7 and loss of Y [Brown et al, 1997, Kovacs et al, 1997] which are commonly 

occurring also in the clear cell subtype. Trisomy of chromosome 17 is present in 80% of 

papillary RCC, predominantly in type I, and is useful to distinguish it from ccRCC [Corless et 

al, 1996]. Also, loss of chromosome 9p has been reported and was associated with the more 

aggressive type II papillary RCC [Klatte et al, 2009, Sanders et al, 2002]. Other chromosomal 

CNVs have been reported but seemed to have less significant effects. These include gains of 

chromosomes 8, 12q, 16 and 20, the Loss of chromosomes 18 and X, the short arms of 

chromosomes 1 and 11 as well as the long arms of chromosomes 4, 6, 13, 14 and 21 

[Brunelli et al, 2003, Hoglund et al, 2004, Sanjmyatav et al, 2005].  
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 Chromosome 9p deletion in RCC  1.13

In many studies, deletion of the short arm of chromosome 9 (9p) was confirmed to be one 

of the most common non-random chromosomal CNVs in clear cell RCC (ccRCC) [Beroukhim 

et al, 2009, Dalgliesh et al, 2010b, Matsuda et al, 2008, Strefford et al, 2005]. Moreover, 

accumulating evidence from other cancers indicates frequent 9p deletions seen in high-

grade invasive and aggressive cancers [Ellsworth et al, 2008, Okami et al, 1997, Sidransky, 

1995]. Thus, established loss of 9p in RCC could act as a marker of tumour aggressiveness 

and could be responsible for progression [Cairns et al, 1995, Dagher et al, 2013, Gunawan et 

al, 2001, Jones et al, 2005, Jones et al, 2005, Junker et al, 2003, Kawada et al, 2001a, 

Kinoshita et al, 1995, Schraml et al, 2001, Schraml et al, 2001, Schullerus et al, 1997].  A high 

frequency of 9p deletion was observed in RCC metastases (47%) [Bissig et al, 1999]. 

Moreover, chromosome 9p loss was reported as an independent prognostic factor amongst 

the other CNVs [Klatte et al, 2009a]. 

 Potential genes on chromosome 9p implicated in clear cell RCC 1.14

progression  

1.14.1 CDKN2A/B 

The Cyclin-Dependent Kinase Inhibitor (CDKN2A/B) genes are tumour suppressor genes, 

located on 9p21.3. They play a major role in cell cycle regulation through deceleration of cell 

progression from G1 to S phase. Intracellular and extracellular signals such as DNA damage 

and hypoxia activate CDK inhibitors that arrest the cell cycle. 
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CDKN2A encodes two proteins (p16 and p14) that play an important role in two critical cell 

cycle regulatory pathways: the p53 pathway and the Rb pathway [Harris and Levine, 2005]. 

Both transcript variants differ in their first exons and share the other two exons.  The 

p16INK4A encodes an isoform (p16) known to function as inhibitors of CDK4 kinase 

structurally close to the isoform p15 which is encoded by CDKN2B (p15INK4B) gene. The 

remaining transcript variant includes an alternate first exon located 20 Kb upstream of the 

remainder of the gene. This transcript contains an alternate open reading frame (ARF) that 

specifies a protein (p14) which is structurally unrelated to the products of the other two 

variants.  

The isoforms p15 and p16 bind to CDK4/6 to prevent its interaction with Cyclin D. Cyclin D 

would normally form a complex with CDK4/6 that promotes the phosphorylation of the 

retinoblastoma protein (pRb) in the cytoplasm. Once phosphorylated, pRB dissociates from 

the transcription factor E2F1, releasing E2F1 from its cytoplasm-bound state to enter the 

nucleus. In the nucleus, E2F1 promotes the transcription of target genes that are essential 

for the transition from G1 to S phase [Rayess et al, 2012]. 

This p14ARF product functions as a stabiliser of the tumour suppressor protein p53 as it can 

interact, and sequester the E3 ubiquitin-protein ligase MDM2, a protein responsible for the 

degradation of p53. By antagonising MDM2 [Sherr, 2006], p14 permits the transcriptional 

activity of p53 that would lead to cell cycle arrest or apoptosis. A loss of p14ARF or p53, 

therefore, would give cells a survival advantage [Sherr, 2006].  

Although, the CDK inhibitor isoforms and p14 have different structural and functional roles, 

they still share common functionality in cell cycle G1 control. This gene is frequently 
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mutated or deleted in a variety of tumours and is known to be an important tumour 

suppressor gene. 

The unusual genomic arrangement of the INK4a/ARF/INK4b locus is a weakness in our anti-

cancer defences, as it renders three crucial regulators of the RB and p53 tumour suppressor 

pathways vulnerable to a single, relatively small deletion. Thus, the inactivation of 

CDKN2A/B genes via 9p21 deletion, leading to low expression of these regulatory proteins, 

may be an important biomarker of aggressiveness in renal cancer [Ikuerowo et al, 2007, 

Kawada et al, 2001a].  

Several studies, based on different molecular genetic techniques, reported on the 

prognostic significance of CDKN2A aberrations on survival in renal cancer with conflicting 

results [Antonelli et al, 2010, Brunelli et al, 2008, La Rochelle et al, 2010, Presti et al, 2002, 

Schraml et al, 2001]. This will be discussed further in details in the literature review.   
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Figure 1.1: describes the function of the 2 proteins (p14ARF, and p16INK4a) encoded by 
CDKN2A on cell cycle regulation 
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1.14.2 CAIX 

Carbonic anhydrase 9 (CAIX) gene is mapped to the 9p13-p12 region. It is a member of a 

large family of zinc metalloenzymes that catalyse the reversible hydration of carbon dioxide. 

CAIX is a transmembrane protein and the only tumour-associated carbonic anhydrase 

isoenzyme known. It is expressed in all clear cell RCC but is not detected in the normal 

kidney or most other normal tissues. In response to hypoxia with VHL inactivation, the HIF-

1α becomes stable, accumulates and stimulates a range of downstream events, including 

CAIX expression. It plays a major role in acid-base balance and may be involved in cell 

proliferation and transformation.   

Poor expression of Carbonic Anhydrase 9 (CAIX) using immunohistochemistry was shown to 

be an independent negative prognostic factor [Bui et al, 2003, Patard et al, 2008b, Sandlund 

et al, 2007]. Poor expression of CAIX in metastatic ccRCC was associated with poor response 

to immunotherapy [Atkins et al, 2005]. This could be explained by the fact that low CAIX 

expressing tumours manage to thrive in an acidic and hypoxic milieu, which is traditionally 

known to render tumours more aggressive and less responsive to therapy [Pantuck et al, 

2003]. However, more recently, there is emerging conflicting evidence suggesting that poor 

CAIX expression is not an independent prognostic factor in localised and metastatic ccRCC 

[Zerati et al, 2013, Zhang et al, 2013]. 

1.14.3 PLIN2/ADFP 

Adipose differentiation-related protein (ADFP), also known as Perilipin 2 (PLIN2) gene is 

mapped to the 9p22.1 region. It is up-regulated both at the transcriptional and protein 

levels in clear cell RCC cells [Yao et al, 2005]. ADFP protein plays a role in fatty acid uptake 
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and in the formation of lipid and glycogen globules, which is a feature of well differentiated 

clear cell RCC. ADFP is a target gene of the hypoxia-inducible genes [Saarikoski et al, 2002a]. 

Therefore, disruption of the VHL tumour suppressor/HIF pathway is likely involved in the up-

regulation of ADFP in clear cell RCC. In a recent proteomics study from our institution, ADFP 

was reported to be up-regulated in ccRCC compared to non-cancerous tissue. This was 

confirmed by immunohistochemistry [Atrih et al, 2014]. 

Yao et al. reported that ADFP is a specific biomarker and an independent prognosticator in 

all stages including metastatic ccRCC [Yao et al, 2007]. However, its prognostic value has not 

been validated in other studies. 

1.14.4 PTPRD 

Protein Tyrosine Phosphatase Receptor Delta (PTPRD) is a transmembrane protein that has 

two cytoplasmic tyrosine phosphatase domains at chromosome 9p23-24.1. Studies on 

several cancers using array-based analysis or sequencing have shown a high frequency of 

deletions or missense mutations of this particular gene [Cheung et al, 2010, Ding et al, 2008, 

Purdie et al, 2007, Purdie et al, 2009, Solomon et al, 2008, Tada et al, 2010]. Copy number 

loss of PTPRD results in inactivation and reduced expression of PTPRD in tumours. This was 

reported in lung cancer cell lines and surgical specimens [Kohno et al, 2010]. Malignant cells 

that lack PTPRD exhibit increased growth and have a higher risk to metastasize [Purdie et al, 

2007, Veeriah et al, 2009]. In contrast, wild-type PTPRD suppresses the growth of tumour 

cells [Veeriah et al, 2009].The reconstitution of PTPRD gene function in tumour cells that 

harboured deletions or mutations led to growth suppression and cell apoptosis [Solomon et 
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al, 2008]. These findings proved that PTPRD functions as a tumour suppressor in different 

tumour types and its deletion are associated with tumour progression. 

 Tissue Microarray (TMA) in Renal Cell Carcinoma biomarker studies 1.15

TMA technology has been used widely as a research tool to study biomarkers and assess 

their association with clinicopathological tumour features, prognosis and response to 

systemic treatments in several malignancies including RCC. This is due to its ability to 

investigate a large number of tissue samples using a uniform experimental process while at 

the same time preserving limited tissue resources. Moreover, its creation is relatively 

inexpensive.  

Issues regarding the validity of TMA to represent the whole tissue section represent a major 

limitation to this technology in biomarker studies. The majority of studies focusing on 

immunohistochemical markers suggested that 3 to 4 cores are usually sufficient to 

represent the whole tissue section [Fons et al, 2007, Hager et al, 2007, Rubin et al, 2002]. 

However, EckelPassow and colleagues, using a panel of immunohistochemical markers in 

ccRCC, have shown that the number of cores required to represent whole tissue section is 

dependent on the expression pattern of each marker. Also, the authors highlighted a 

potential risk of obtaining false negative results when using the same TMA to quantify 

multiple biomarkers with heterogeneous patterns of expression [Eckel-Passow et al, 2010]. 

Other limitations with TMA which could contribute to the inability of potential biomarkers 

to achieve clinical utility include: non-informative cores, core location, core size, repeated 

sectioning of the TMA block and variation in biomarker uptake by different TMA slides. 
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 Immunohistochemistry 1.16

Immunohistochemistry technique employs monoclonal and polyclonal antibodies to 

determine the distribution of protein or an antigen in the tissue of interest. 

Immunohistochemistry is a powerful tool used by surgical pathologists for the purpose of 

diagnosis. The principle of IHC has existed since the 1930s, but it was not until 1941 that the 

first IHC study was reported 

Three areas in which immunohistochemistry can help in the evaluation of renal neoplasms. 

(1) Markers to establish the diagnosis of renal neoplasm (site of origin). (2) Markers to aid in 

the classification of primary renal neoplasms. (3) Prognostic and predictive markers in renal 

neoplasms 

Over the last three decades, investigators have evaluated and in some cases proposed 

multiple markers as having prognostic or predictive value in renal cancer.  

 Rationale for the study 1.17

The prognostic role of chromosomal and gene copy number aberration in renal cell 

carcinoma (RCC) has been explored in several studies with 9p reported as an independent 

prognostic factor [Klatte et al, 2009a]. 

Recently, three studies, using Interphase Fluorescence in-situ hybridization (I-FISH) as the 

main technique have concluded that the loss of 9p in ccRCC was an independent prognostic 

factor besides other known pathological parameters [Brunelli et al, 2008, de Oliveira et al, 

2014, La Rochelle et al, 2010]. Although the findings from these studies were promising, 

they were of limited clinical applicability due to lack of standardisation of I-FISH scoring, lack 
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of reporting on the degree of inter-observer variability and a modest follow-up period. La 

Rochelle et al. performed FISH analysis on a cohort of 316 patients but the cut-off level for 

9p deletion was arbitrary which could have possibly resulted in underestimation of this copy 

number aberration [La Rochelle et al, 2010]. De Oliveira et al. considered the homozygous 

loss as the only condition to be considered as 9p deletion. Also, the authors did not clearly 

report the threshold or cut-off of abnormal nuclei or cells for a tumour to be considered 9p-

deleted.  

As FISH can be performed on both fresh and archived formalin fixed paraffin embedded 

(FFPE) tumour tissue, it has been used widely on tissue microarrays which allow the 

assessment of many tumours in one experiment, in comparison to conventional 

cytogenetics which can only be performed on individual cases from the fresh tissue after 

culture. Also, FISH assesses copy number variations (CNVs) at a cellular level, in contrast to 

other techniques, such as array comparative genomic hybridization (aCGH) and 

microsatellite analysis based on mass DNA extraction, which can conceal CNVs and 

intratumour cellular genetic complexity and heterogeneity [Bayani and Squire, 2007].  

On the other hand, standardisation of FISH scoring and reaching a consensus on how to 

determine the threshold level are required before the technique can be applied in 

translational renal oncology [Junker et al, 2013]. This is because the scoring process can be 

influenced by fading signals, sectioning of paraffin blocks and quality of tissue preserved, 

which can result in inter-observer disagreement. Moreover, it remains unclear what is the 

optimal number of representative cores on TMAs to reduce the risk of sampling bias with 

false negative results that could stem from intratumour heterogeneity. 
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In light of reported evidence, the question that is whether the detection 9p deletion, 

regardless of the molecular technique employed, can be used as a reliable predictor of 

prognosis in RCC or is it too early to integrate it into a predictive model with other 

established parameters. 

 Aims and objectives 1.18

The main aim is to assess prognostic significance of chromosome 9p deletion in renal cell 

carcinoma, with special focus on the most common subtype of clear cell, through a set of 

objectives including: 

1. A systematic review of the literature and quality assessment of studies reporting on the 

prognostic significance of 9p deletion in RCC. The review included observational studies 

evaluating the detection rate of different molecular genetic techniques for assessing 

chromosome 9p status in a clinical setting. This was carried out by comparing the 

characteristics of the different studies, including the molecular genetic technique used 

to investigate chromosome 9p status, the sample size, the inclusion criteria, thresholds 

used and clinical setting of renal cancer. Also, we aimed to evaluate potential biases and 

applicability of the evidence using the revised tool for quality assessment of 

observational studies [von Elm et al, 2007].  

This was to appraise the reported evidence on the prognostic value of chromosome 9p 

deletion in renal cell carcinoma by evaluating, firstly the various genetic techniques 

employed to assess chromosome 9p status in renal cell carcinoma, secondly the 

correlation between chromosome 9p status and pathological parameters, and finally the 
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impact of chromosome 9p deletion on recurrence-free survival and cancer-specific 

survival in renal cell carcinoma.  

2. Analytical and clinical validation of FISH in the assessment of chromosome 9p status in 

clear cell RCC. Our study aims to assess the prognostic effect of 9p deletion in ccRCC 

subtype. We hypothesised that patients with 9p-deleted ccRCC tumours detected by 

FISH do not carry a worse prognosis (H0). A set of objectives was identified to test our 

hypothesis: (a) to analytically validate FISH scoring technique for assessing 9p status in 

renal cancer, (b) to determine the degree of inter-observer variability in scoring 9p 

status, (c) to evaluate the correlation between 9p status and other established 

clinicopathological prognostic variables, and finally (d) to assess the impact of 9p loss in 

ccRCC tumours on recurrence-free survival (RFS) and disease-specific survival (DSS) in a 

cohort of patients with at least 8 years of follow-up. 

3. Validation of the prognostic significance of chromosome 9p deletion using other 

molecular genetic techniques 

o LOH analysis using microsatellites 

o Array-based analysis (array CGH and Oncoscan™ SNP array) 

4. To assess the expression of proteins encoded by potential TSGs on chromosome 9p in 

the same cohort of patients and correlate it to 9p copy number loss and LOH. 
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2 Chapter II: Methods 

All laboratory techniques were performed according to the standard operating procedures 

(SOPs) (see appendix). 

 Systematic review of the literature on prognostic significance of 2.1

chromosome 9p deletion in RCC 

2.1.1 Search strategy and study eligibility criteria:   

A systematic review of the RCC literature published between 1 January 1990 and the last 

date of search on 25 June 2014 was undertaken in the online databases Medline and 

PubMed. The search strategy used was ((chromosome 9) OR (fluorescence in situ 

hybridization) OR (comparative genomic hybridization) OR (cytogenetic) OR 

(microsatellite) OR (karyotyping) OR (9p loss) OR (9p deletion) OR (loss of heterozygosity) 

OR (sequencing)) AND ‘renal cell carcinoma’ [MeSH] AND (Humans [Mesh] AND English 

[lang] AND adult [MeSH]). Also, reference lists were checked for further published 

studies, and studies suggested by colleagues and experts were also assessed for inclusion. 

Studies were included, if they evaluated the detection rate of one or more genetic 

technique to report on chromosome 9p status in adult participants (age>18) of any 

gender with any subtype, grade or stage of renal cell carcinoma with at least 3 years of 

follow-up period.  We searched for any studies published in English language correlating 

chromosome 9p status to clinical outcome in renal cell carcinoma.   

We excluded studies reporting on children or adolescent participants and case reports, 

studies reporting on participants with non-renal tissue or on urothelial carcinoma and 



59 

 

 

studies having possible overlap with other selected studies (i.e. studies from the same 

study group, institution, and period of inclusion). 

2.1.2 Data analysis and management of the included studies  

The reported data in the different studies, including the size of the study sample, 

inclusion criteria, patient demographics, genetic techniques used for assessing deletion of 

chromosome 9p, validating techniques, clinicopathological parameters, follow-up period 

and survival were analysed.   

2.1.3 Quality assessment 

The quality of the included studies was evaluated by three independent reviewers (EL-

Mokadem I., Rai B. and Nabi G.) using the “Strengthening the reporting of observational 

studies in epidemiology (STROBE) tool” [von Elm et al, 2007]. In this re-designed tool, 

studies are scored as ‘high risk of bias’, ‘low risk of bias’ or ‘unclear risk of bias’ and ‘high 

concerns regarding applicability’, ‘low concerns regarding applicability’ or ‘unclear concerns 

regarding applicability’ for four key domains: patient selection (domain 1), defining 

threshold of the test (domain 2), validation of test (domain 3) and flow and follow-up of 

cohort (domain 4). The ‘unclear’ category is used when insufficient data are reported to 

permit a judgement.  We set up a list of characteristics of an ideal test for assessing 

chromosome 9p deletion (Appendix A). To tailor the STROBE tool to studies about 

chromosome 9p deletion, we adjusted the original signalling questions according to this list 

and formulated extra signalling questions to check applicability
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 Identification of cohorts 2.2

The main cohort of 108 patients was identified from the urology department database that 

was searched for consecutive patients who underwent radical nephrectomy for RCC 

between January 2001 and December 2005 without any exclusion criteria. The period was 

chosen to allow a sufficient follow-up period of at least eight years for each patient. 

However, this cohort had no corresponding fresh tissue stored in Tayside Tissue Bank (TTB) 

to allow validation using aCGH. Moreover, attempts to perform aCGH on highly degraded 

DNA extracted from FFPE material were not successful. Therefore, a second cohort of 37 

consecutive patients who underwent nephrectomy for RCC between 2006 and 2007 was 

identified from TTB fresh frozen renal tissue database. Ethics approval (Ref. 12/ES/0083) 

was obtained from the Tayside Research and Ethics Committee. A single pathologist 

(Fleming S.) with a special interest in renal cancer, blinded to clinical outcomes, reviewed all 

the samples using pathology number identifier for each patient.  

 Clinicopathological data 2.3

The clinicopathological and follow-up data up to December 2013 for each patient were 

retrieved retrospectively using a unique ten digit Community Health Index (CHI) number and 

recorded on a predesigned electronic database sheet by an independent researcher 

(Bondad J.), blinded to chromosome 9p status. The following Tayside Health Board 

electronic resources were searched to retrieve and were cross-validated for clinical and 

follow-up information: 
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 Hospital records, namely clinical portal, ICE and In- House Surgical Information 

System Web and Technology (in-site). These databases represent single, secure, 

electronic, patient-records sources. 

 Multidisciplinary board meeting records. All renal cancer cases were discussed in 

weekly uro-oncology meeting during the study period. The records for each patient 

were available as an MS Word file under the heading ‘kidney’. 

Data including patients’ gender, age at diagnosis and pre-operative staging were retrieved. 

Pathology slides review and reports were used to identify tumour stage based on 2009 TNM 

staging [Sobin et al, 2009], tumour size, Fuhrman grade, tumour necrosis, pelvicalyceal 

invasion, renal sinus invasion, microvascular invasion and sarcomatoid features. Each case 

was assigned a Mayo Clinic SSIGN score (Stage, Size, Grade and Necrosis) (Table 2.1) [Ficarra 

et al, 2006, Ficarra et al, 2009] and stratified into three sub-categories (SSIGN score sub-

categories 0-3, 4-7, 8-13 respectively) [Frank et al, 2002]. SSIGN score has been externally 

validated in previous studies and established as a reliable prognostic model to predict 

cancer specific death from metastatic disease in clear cell RCC [Ficarra et al, 2006, Ficarra et 

al, 2009, Fujii et al, 2008]. Also, each case was assigned a Leibovich score (Table 2.2) and 

stratified into three subcategories (Leibovich scores sub-categories are 0-2, 3-5 and 6-11 

respectively) [Leibovich et al, 2003] Leibovich score is a modification of SSIGN score to 

predict metastasis or recurrence-free survival (RFS) in clear cell subtype. Leibovich score has 

become more popular than the standard SSIGN score as the endpoint of development of 

metastasis is considered more appropriate. This is due to increase survival in the era of 

tyrosine kinase inhibitors (TKIs) and improved survival post-metastasectomy.  
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Follow-up was calculated from the time of surgery to the last date of assessment or date of 

death. The cause of death was determined based on death certificates and correspondence 

between clinicians and patients’ general practitioners. All patients were followed up based 

on a standardised departmental protocol based on tumour stage and grade. Death from 

renal cancer was defined as disease-related mortality. Recurrence was diagnosed if RCC 

metastasis or renal bed recurrence was detected on cross-sectional imaging and confirmed 

in a multi-disciplinary team meeting record. 

Table 2.1: Stage, Size, Grade and necrosis (Mayo Clinic SSIGN score) algorithm 
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Table 2.2: Leibovich Score  – Modified Mayo Clinic SSIGN score  

 

 Tissue Microarrays (TMAs) 2.4

Haematoxylin and Eosin (H&E) slides from all the archived formalin fixed paraffin embedded 

(FFPE) blocks were reviewed for representative areas in RCC tumours. TMAs were 

constructed as described in a previous publication from our institution [Hadad et al, 2009]. 

Hundred and twenty-six FFPE blocks from 108 tumours, identified from the pathology 

department archives, were used to construct four tumour TMAs. Sixteen tumours were 

represented by two blocks and one tumour was represented by three blocks. These extra 
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blocks served as an internal control to assess the effect of tumour heterogeneity without 

the knowledge of the scoring observer. One TMA of normal renal tissue from same cases 

was prepared to serve as negative control.  

Briefly the technique is described here. TMAs were constructed using Beecher® arraying 

instrument (Beecher Instruments Inc., Sun Prairie, WI, USA) with the help of TMA Designer® 

2 software. The pathologist identified and marked, with a circle on the H&E slide, areas 

containing only tumour for scoring, and avoiding areas of necrosis or normal tissue, before 

marking the same tumour region on the corresponding formalin fixed paraffin block. Tissue 

cores with a diameter of 0.6 mm were punched from the marked tumour regions on 

paraffin blocks. Cores were then deposited into a master paraffin block and placed 1.2 mm 

apart from the neighbouring core on the x and y-axes. Sections from the resulting master 

paraffin block measuring 4 µm in thickness were then transferred onto glass slides to form a 

TMA. Each TMA contained a maximum of 240 tumour cores plus two spleen control cores 

for orientation. Each case was represented at least with six tumour cores. 
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Figure 2.1: Template of tissue microarray (TMA) used to represent the cases  

A B C D E F G H I J K

1 Control Spleen Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10

2 Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10

3 Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10

4 Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10

5 Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10

6 Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10

7

8 Control Spleen Case 11 Case 12 Case 13 Case 14 Case 15 Case 16 Case 17 Case 18 Case 19 Case 20

9 Case 11 Case 12 Case 13 Case 14 Case 15 Case 16 Case 17 Case 18 Case 19 Case 20

10 Case 11 Case 12 Case 13 Case 14 Case 15 Case 16 Case 17 Case 18 Case 19 Case 20

11 Case 11 Case 12 Case 13 Case 14 Case 15 Case 16 Case 17 Case 18 Case 19 Case 20

12 Case 11 Case 12 Case 13 Case 14 Case 15 Case 16 Case 17 Case 18 Case 19 Case 20

13 Case 11 Case 12 Case 13 Case 14 Case 15 Case 16 Case 17 Case 18 Case 19 Case 20

TMA: 42A Build Date: Sept 2011
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 Interphase – Fluorescent In-Situ Hybridisation (I-FISH) 2.5

Interphase I-FISH analysis was performed using the Vysis Locus-Specific Identifier (LSI) 

CDKN2A spectrum red (R) / (CEP 9) spectrum green (G) probes (Abbott Molecular, USA). The 

CDKN2A probe spans approximately 222 kb of the 9p21 region across several genes, 

including p16 (INK4A), p14 (ARF) and p15 (INK4B). CEP 9 is a centromeric probe that 

hybridises to α-satellite sequences specific to chromosome 9 (9p11-q11) (Figure 2.2). 
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Figure 2.2: Dual-colour probe employed for FISH analysis to assess chromosome 9p loss.   

 

 

TMA Slides were baked for 60 minutes at 60°C in a dry incubator and then processed in 

automated Vysis VP-2000 processor (Abbott Molecular, USA) to deparaffinise the slides. The 

slides were submerged in Xylene basin for 10 minutes twice, then alcohol 100% basin for 5 

minutes twice before they were left to dry for 2 minutes. The slides were left in 0.2N HCL 

basin for 20 minutes before rinsed in a water chamber for 3 minutes.  The slides were then 

washed twice in 2xSSC basin each for 3 minutes before they were removed from the VP-

2000. Next, slides were put through Sodium thiocyanate (NaSCN) pre-treatment reagent 

(Abbott Molecular) at 80°C for 30 minutes followed by protease solution (0.5mg/ml 0.01N 

HCl) (Abbott Molecular, USA) at 37°C for 50 minutes. Slides were then put through three 

sequential two-minute washes with 2 x SSC and then dehydrated for two minutes each in 

graded ethanol solutions (70%, 85% and 100%). Once dried, slides were placed in 70% 

formamide / 2xSSC at 70°C in a water bath for 5 minutes, removed, put through a further 

graded ethanol series (70%, 85% and 100%) for one minute each and then allowed to dry.  
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For each slide, a probe mix was made up by combining 4 µl CDKN2A / CEP 9 probe, 21 µl LSI 

/ WCP Vysis hybridization buffer (Abbott Molecular, USA) and 6 µl dH2O in a 200 µl 

Eppendorf tube. The probe was mixed and denatured by placing the mix in a 70°C water 

bath for 5minute. The mix (31 µl) was then drawn up and pipetted onto a 22 x 50 mm 

coverslip. The dried slide was then lowered onto the coverslip, ensuring that the probe mix 

was evenly distributed and that no air bubbles were present. Slides were then sealed 

around the edges with rubber cement Fixogum (Kreatech®) and placed overnight 

(approximately 12 hours) in a humidified hybridization chamber in a 37°C incubator. 

The following day, coverslips were peeled off. Slides were placed in a hot wash (0.4 x SSC / 

0.3% NP-40 [Vysis, Abbott Molecular]) for two minutes at 70°C in a water bath and then in a 

room temperature wash (2 x SSC / 0.1% NP-40) for a further two minutes. Once dried, slides 

were counterstained with 25 µl DAPI Antifade, mounted onto a fresh coverslip and edges 

sealed with nail varnish. Slides were stored in covered slide trays at 4°C before and after 

scoring (Appendix B). 

 FISH interpretation 2.6

Slides were viewed under an Olympus BX60 fluorescent microscope with filters for red 

spectrum, a green spectrum, and DAPI nuclear counterstain. Scoring was undertaken by two 

independent observers (El-Mokadem I., Fitzpatrick J.) blinded to clinical or pathological 

outcomes. Each observer counted the number of red and green signals in each nucleus 

using pre-set criteria. A minimum of 30 intact non-overlapping cells per core, a minimum of 

three cores per block and a minimum of 100 to 200 nuclei with visible signals per case were 

required for valid scoring. If these criteria were not met, the scoring was considered invalid. 
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The interpretation of nuclei probe patterns was as follows: 2G2R was interpreted as normal, 

abnormal patterns included: 2G1R as loss of heterozygosity (LOH), 2G0R as homozygous 

deletion and 1G1R as monosomy of chromosome 9. Other nuclei patterns were labelled as 

‘unclassified’. 

The threshold for 9p deletion was determined by calculating the mean percentage (%) of 

abnormal nuclei from cores on the TMA of normal renal tissue plus four times the standard 

deviation as previously described in the literature [Brunelli et al, 2008, Cossu-Rocca et al, 

2006]. This translated to the following cut-off values for 9p deletion: 18% for LOH and 

homozygous loss of 9p (2G1R/ 2G0R), 37% for monosomy (1G1R), and 42% for all abnormal 

patterns. A tumour was scored 9p-deleted if the number of cores with 9p deletion was 

higher than those with normal 9p status. When the number of cores with and without 9p 

deletion was equal, we relied on the mean percentage of 9p-deleted nuclei in all cores to 

decide on deletion. Each observer determined independently the deletion status based on 

the above criteria (Figure 2.3). In tumours represented with cores from more than one 

block, they were considered deleted if the cores from one of the blocks were scored 

deleted. The level of inter-observer agreement was assessed and any scoring disagreement 

was settled by consensus. 
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Figure 2.3: Flowchart for interphase FISH scoring of 9p deletion using the Vysis locus-
specific identifier (LSI) CDKN2A spectrum orange (O)/ chromosome 9 centromeric-
enumeration probe (CEP9) spectrum green (G) 
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 DNA extraction from Formalin-fixed paraffin-embedded (FFPE) tissue  2.7

2.7.1 Tumour Block Assessment: 

H&E slides for each block were obtained from the Pathology archives and microscopically 

examined to assess the location of the tumour and normal renal tissue. Blocks containing 

100% tumour or normal were preferentially selected to avoid macro-dissection. When 

macro-dissection was required to remove areas of the unwanted tumour or normal cells, a 

sketch of the blocks was made to help in this. 

2.7.2 Curl Cutting & Macro-dissection: 

For each FFPE block (for tumour and then for normal), two to four (depending on the size of 

tissue) 8-10µm curls were cut using a Leica Microtome. Where macro-dissection was 

required, blocks were oriented on the microtome so that sections could be cut through the 

blocks to a certain point or sections of the curl were removed with a scalpel. The microtome 

blade was cleaned with 70% ethanol between the sectioning of each block (and between 

normal and tumour sections if the same block was used for each). Curls were placed in a 2ml 

cryotube for DNA extraction and refrigerated. 

2.7.3 DNA Extraction from FFPE curls 

DNA extraction from FFPE tumour and normal curls was partly performed by the author and 

partly by staff in Tayside Tissue Bank and molecular cytogenetics. 
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2.7.3.1 Manual extraction  

DNA was extracted from curls using the Qiagen QIAamp® DNA FFPE Tissue Kit, following the 

protocol included with the kit (Appendix C1). Briefly, this consisted of paraffin removal by 

xylene, washing with ethanol and digestion of tissue by proteinase K in a provided buffer. 

DNA was then extracted by passing this lysate through a QiaAmp MinElute column that 

binds the DNA, allowing washing with ethanol-based buffers before elution in 50-100 µl 

Buffer ATE. 

Manual extraction using xylene for deparaffinization was the recommended method by 

Affymetrix® for DNA extraction from FFPE tissue before being analysed with molecular 

inversion probes technique (Oncoscan™). 

The method is described in details: 

 Deparaffinization 

The curls of FFPE tumour and normal tissue (3 curls – 10 microns each) placed in a 1.5 mL 

Eppendorf Safe-Lock Tube. Two thermal mixers are turned on. One is set to 56 °C and the 

other to 98 °C. One mL of Xylene is then added to the tube containing the curls of FFPE 

tissue. Then, the tube is vortexed at maximum speed for 10 seconds before being spun at 

14000 rpm for 5 minutes. Xylene is then removed without disturbing the pellet. One mL of 

Ethanol is added to the tube, vortexed at max speed for 10 seconds, then, spun at full speed 

(~14000 rpm) for 5 minutes, before removing the ethanol without disturbing the pellet. 

Ethanol washing step is repeated once more before the tube is spun at full speed (~14000 

rpm) for 3 minutes. Any residual ethanol is removed carefully without disturbing the pellet, 
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and allowing the remaining ethanol to evaporate by letting the tube air dry for 10 minutes 

at room temperature.  

 Tissue Lysis  

 ATL Buffer (180 µL) is added to the tube after ensuring the residual ethanol has completely 

evaporated. The tube is then spun briefly after vortexing for 10 seconds and then placed 

onto the thermal mixer that is set at 98 °C. The tube is subsequently incubated for 15 

minutes with a 15-second mix at 1400 rpm every 1 minute. After 15 minutes, the tube is left 

to cool down for 5 minutes in the thermomixer then ten minutes at room temperature after 

removing it from the thermomixer slowly and carefully. The tube is spun briefly to remove 

any solution from the top. 20 µL of Proteinase K is added to the tube, vortexed at max speed 

for 10 seconds, and then spun briefly, before being placed on the thermal mixer that is set 

at 56 °C and incubated overnight with 15 seconds mix at 1400 rpm every 1 minute. 

Next day, the sample is spun and placed onto the thermal mixer that is set at 90 °C, and 

incubated for 1 hour with 15 seconds mix at 1400 rpm every 1 minute. Subsequently, the 

tube is removed from the thermal mixer and allowed to cool at room temperature for 10 

minutes. The tube is spun to remove any solution from the top of the tube, before adding 

two µL of RNase A to each tube. Vortex the tube at max speed for 10 seconds, then spin 

down briefly and allow to incubate for 2 minutes.  

 DNA Purification  

The QIAamp MinElute column is allowed to warm to room temperature for 15 minutes. The 

ATL tube is removed and equilibrated at room temperature. 200 µL of Buffer AL is added to 



73 

 

 

the sample tube, vortexed at max speed for 10 seconds, and then spun down briefly. The 

precipitate may form at this step, which does not affect the DNA yield. 200 µL of Ethanol is 

added to each tube, vortex at max speed for 10 seconds, and spun down briefly. The 

QIAamp MinElute column is labelled (in a two mL collection tube) appropriately, before 

carefully transferring the entire lysate to the QIAamp MinElute column (in a two mL 

collection tube) without wetting the rim. Then, the collection tube is centrifuged at 8000 

rpm for 1 minute, and then, the lysate is checked that it has moved through the column. The 

column is placed in the new collection tube and elute is discarded. 500 µL of Buffer AW1 is 

then added to the column before it is centrifuged at 8000 rpm for 1 minute. Buffer AW1 is 

checked that it has moved entirely through the column. The column is subsequently placed 

into the new collection tube and elute discarded. Next, the column is opened, and 500 µL of 

Buffer AW2 is added before loading the column onto the centrifuge and spinning at 8000 

rpm for 1 minute. If Buffer is still in the column, at any step, centrifuge again at a higher 

speed for 1 minute. Afterwards, the column is loaded into the new collection tube and elute 

discarded. Then the column is finally spun at 14000 rpm for 3 minutes to dry the membrane 

completely.  

 DNA Elution  

A clean Nuclease-free 1.5 mL tube is labelled for DNA elution to place the column into it. 50 

µL of Buffer ATE is added to the centre of the column membrane. The tube lid is closed and 

the column is incubated at room temperature for 5 minutes. Columns are then loaded onto 

the centrifuge and spun at 14000 rpm for 1 minute to elute the DNA. When loading onto the 

centrifuge the caps are rotated to the right to keep them from breaking during the spin. 
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2.7.3.2  EZ1 BioRobot Extraction Protocol   

This automated extraction technique is the frequently performed in the Human Genetics lab 

to extract DNA from formalin-fixed paraffin-embedded (FFPE) tumour tissue samples. The 

samples were run on a Qiagen EZ1 BioRobot (Appendix C2). This extraction protocol relies 

on the use of magnetic particles that bind to the DNA and are subsequently removed from 

the surrounding tissue by a separate magnetic source. As with the manual methods, 180 µl 

ATL tissue lysis buffer was added to each sample (2x10µM FFPE sections) together with 20 

µl Proteinase K solution. The samples were placed in an Eppendorf Thermomixer and 

incubated at 56°C with vigorous shaking for one hour. At the end of this period, the 

thermomixer temperature was increased to 90°C and incubated another hour, again with 

vigorous shaking. The samples were then loaded into a cartridge and placed in the EZ1 

Robot. All the reagents required for the extraction of DNA from a sample are present in a 

single cartridge. Only six samples can be processed at a time. An elution volume of 50 µl ATE 

buffer was used. This method was used predominantly to extract DNA from the tumour and 

corresponding normal control tissue for microsatellite analysis. 

 Assessment of genomic DNA 2.8

2.8.1 Quantitation of Eluted DNA  

DNA concentration and quality can be measured by Nanodrop spectrometer. The 

spectrophotometer quantification was employed at 230nm, 260nm and 280nm. At 260nm, 

Nanodrop calculates the nucleic acid concentration; at 280nm, it measures the protein 

content; and at 230nm, it measures the organic contaminants. The 260/280 ratio reflects 

the level of DNA purity from proteins, and the 260/230 ratio assesses the level of 
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contamination with other organic materials that could have happened during the DNA 

extraction process.  

2.8.2 Assessment of DNA quality 

We tested the quality of DNA extracted from FFPE block to check its integrity and the level 

of degradation to assess its suitability for array CGH. We used BioMed QC technique to have 

a better estimate of the average size of fragments of DNA extracted from archival FFPE 

tumours. The results revealed that the DNA from FFPE was degraded with an average size of 

about 170bp (Appendix F). Also, it has been shown that DNA extracted from FFPE tissue can 

result in spurious CNVs in aCGH profiles [Mc Sherry et al, 2007]. Therefore, only DNA 

extracted from fresh frozen tissue was used for array CGH.     

 DNA extraction from fresh frozen tumour tissue 2.9

DNA extraction from fresh frozen tumour tissue was performed by Tayside Tissue Bank 

(TTB) staff. For aliquots of fresh frozen tissue, they were stored in tissue bank with the serial 

number assigned to each aliquot cut from the same tumour (case). Each case had a specific 

Tissue Bank Id number with the corresponding patient Id or pathology number reserved 

only within the tissue bank database to ensure patients’ confidentiality. The tumour aliquots 

from cases selected consecutively for this project had a corresponding quality control (QC) 

FFPE blocks. Sections from those QC blocks were cut and stained with H&E to be examined 

by the pathologist: firstly to ensure that the aliquots contain tumour tissue, secondly, to 

confirm the diagnosis and RCC subtype.  
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All DNA extraction from fresh frozen tissue was undertaken by Tayside Tissue Bank staff 

using the following protocol:  

The following buffers are prepared in advance: 

1. TE BUFFER 

10mM Tris-HCl, pH8.0 

1mM EDTA, pH8.0 

2. RESUSPENSION BUFFER 

75mM NaCl 

24mM EDTA, pH8.0 

3. EXTRACTION BUFFER 

91ml Resuspension Buffer 

9ml 10% SDS 

 

The aliquot of fresh tissue is lysed overnight by placing it in an Eppendorf tube with 500µl 

extraction buffer + 20µl 10mg/ml Proteinase K before incubating while shaking gently 

(300rpm) at 37°C. Next day, phase lock gel (PGL) tubes are prepared in advance by 

centrifuging at 10,000rpm for 30sec. Lysed tissue is then added (removing large pieces of 

undigested tissue) to a prepared 1.5ml PGL tube.  

Phenol: chloroform: isoamyl alcohol (P:C:I = 25:24:1) – Sigma 77617 solution is mixed just 

before using. Then 500µl is added to PGL tube, and mixed well by repeated inversion. PGL 
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tube is spun for 10min at 12,000rpm, at 4°C. The upper aqueous layer is next transferred to 

a fresh 1.5ml Eppendorf using wide-bore 1ml pipette tips. 

Chloroform: Isoamyl alcohol (C:I = 24:1) – Sigma 25666 solution is mixed just before using. 

Then 500µl is added to the DNA solution, and mixed well by repeated inversion. The mix is 

centrifuged for 10min at 12,000rpm, at 4°C, before transferring the upper aqueous layer to 

a fresh 1.5ml Eppendorf using wide-bore 1ml pipette tips. 

50ml 3M Sodium acetate (pH=5.2) and 1ml pre-chilled pure ethanol are added to the 

transferred upper aqueous layer and mixed well by repeated inversion. The DNA solution is 

then incubated for at least 15min on ice before being centrifuged for 20min at 10,000rpm, 

at 4°C. 

Without disturbing the DNA pellet, the supernatant is removed and 1ml 75% ethanol is 

added. The mix is centrifuged for 5min at 10,000rpm, at 4°C (rotate tube 180° in the rotor to 

bring down DNA on the sides of the tube). Subsequently, the ethanol is removed and 

500mls 75% ethanol is added, centrifuged as before. The ethanol is removed again and DNA 

pellet is allowed to dry at room temperature for 15-30min (until appears transparent). 100µl 

TE Buffer is added and left in the fridge overnight to re-suspend. 

 Microsatellites 2.10

2.10.1 DNA extraction from formalin-fixed paraffin embedded tissue samples 

Curls were cut from the same FFPE tumour blocks that were represented by six cores on the 

tumour TMAs. This was done to minimise the risk of sampling bias and reduce the effect of 
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intratumour heterogeneity on the results generated by I-FISH and other techniques relying 

on DNA extraction.  

DNA extraction was undertaken from FFPE tumour curls and corresponding normal tissue 

curls from the same patient using the EZ1 BioRobot technique as previously described.  

2.10.2 Microsatellites markers 

Five fluorescent end-labelled microsatellite markers that map to the 9p13-21 region were 

used. Four markers map to 9p21; D9S916, D9S1814, D9S974 and D9S942. The latter two are 

within the coding sequence of CDKN2A. D9S916 is telomeric to CDKN2A and CDKN2B, 

whereas D9S1814 is centromeric to CDKN2B. D9S171 is at 9p13 (proximal toCDKN2A/B). All 

the markers were checked for possible single nucleotide polymorphisms (SNP) (Appendix E). 

Table 2.3: Markers and their primers sequences: 

Marker Gene Location Primer sequence 

D9S916 MTAP 9p21 Forward 5’- gatgtccagttgtcccttcataa -3’ 

Reverse 5’- atagactgccaaatttttggacc -3’ 

D9S974 CDKN2A 9p21 Forward 5’- cctggtctggatcataaaatgaa -3’ 

Reverse 5’- tgtggaaattttctgtctggttc -3’ 

D9S942 CDKN2A 9p21 Forward 5’- aagcaagattccaaacagtaaaca -3’ 

Reverse 5’- ttcgtttcacttttgagttttcc -3’ 

D9S1814 Centromeric to CDKN2B 9p21 Forward 5’- tgtcagtggtatttacctttttgg -3’ 

Reverse 5’- cagaaggtcagtaggttcacagg -3’ 

D9S171 BDMF 9p13-21 Forward 5’- agctaagtgaacctcatctctg -3’ 

Reverse 5’- tgattgttaataaagtagcccc -3’ 
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2.10.3 PCR amplification protocols 

This was performed by molecular genetics lab and the PCR amplification process is 

described briefly as follows. 

PCR amplifications were performed in a final volume of 20ul and consisted of 10X PCR 

reaction buffer, 2mM dNTPs, forward and reverse primers, HotStarTaq DNA Polymerase® 

(Qiagen®) and distilled H2O. 

HotStarTaq is a highly specific recombinant enzyme supplied in a concentration of 5units/µl. 

It is in an inactive state and has no polymerase activity at ambient temperatures. This 

prevents extension or elongation of nonspecifically annealed primers and primer dimers 

formed at low temperatures during PCR setup and the initial PCR cycle. HotStarTaq DNA 

Polymerase is activated by 15-minute incubation at 95°C, which can be incorporated into 

any existing thermal cycler programme.   

Table 2.4: PCR reagent volumes for a 25µl reaction: 

Reaction component Volume (µl) 

10x buffer 2.5 

2mM dNTPs 2.5 

Forward primer 5µM 2.5 

Reverse primer 5µM 2.5 

HotStarTaq 0.1 (0.5U) 

dH2O 13.9 

Total volume 24 
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All PCRs reagents were mixed in one tube, usually in the order indicated in above table, 

water is added last and reagents mixed well by pipetting up and down. 24 µl of the reaction 

mix was aliquoted into each tube pre-labelled with the sample number. The sample DNA 

was added (usually 1µl; 50-200ng) to each corresponding labelled tube and tubes placed in 

the thermal cycler.  

All DNA sample dilutions, PCR set-up and tube transfers were checked by another member 

of staff.  Always the sample number was written on the side of the DNA sample tubes were 

checked and not just the number on the top of the tube. A negative control was used for 

each marker to rule out contamination. Also, each marker is tested for a normal DNA 

(placental/man) to ensure that the marker is amplifying. 

The PCR programme employed consisted of: 

 1 cycle at 95⁰C for 15 minutes for activation of HotStarTaq  

 35 cycles of: 

o  Denaturation step: 94⁰C for 40 seconds 

o Annealing step: 55⁰C for 40 seconds 

o Elongation or extension step: 72⁰C for 40 second  

 1 cycle of  

o 8⁰C for 7 minutes  

o 4⁰C for 1 minute  
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2.10.4 Analysis of microsatellites for loss of heterozygosity (LOH) 

Following amplification, 0.5 µl of the product was denatured in deionized formamide and 

the fluorescent markers analysed by capillary electrophoresis. Determination of loss of 

heterozygosity (LOH) status was carried out by staff in the NHS Genetic Laboratory (Batty 

D.), using GeneMarker® Software V2.4.0 (SoftGenetic®, State College, PA 16803, USA). For 

informative cases, the peak height was used as the main measure. LOH was scored if the 

peak height of a particular allele was reduced by >40% compared to the peak height of the 

corresponding allele in normal tissue. This figure of 40% was chosen to account for slight 

variations in peak height that you can observe between samples due to slight preferential 

amplification of a particular allele. The peak height had to drop below 40% to be significant 

and indicate LOH. 

 Array Comparative Genomic Hybridisation (aCGH) 2.11

CytoChip Oligo™ 8x60K v2 ISCA (International Standard Cytogenic Array) was the array used; 

it is an Oligonucleotide array supplied by BlueGenome (Illumina®). The CytoChip Oligo™ 

arrays contain more than 60,000 probes to investigate targeted regions. There are 498 

targeted regions in this array with the higher density of probes across them. The backbone 

makes up the rest of the genome that has a lower density of probes. 

Array CGH allows the assessment of DNA copy number variation in a patient compared to a 

normal reference DNA. This comparison takes place by allowing the differentially labelled 

test and normal reference DNAs to hybridise to the array that presents target regions 

(sequences) under competitive conditions. This produces a graph display showing the ratio 

of test to reference DNA at each chromosomal region. If this is significantly above the 
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baseline i.e. gain, it will be highlighted green; if significantly below the baseline i.e. loss, it 

will be highlighted red.  

2.11.1 DNA purification 

This step is performed to avoid a poor aCGH result, and an expensive and time-consuming 

repeat. The degree of purity of each DNA was assessed by Nanodrop spectrophotometer 

(see section 2.8.1). Purification step was undertaken when a sample shows a low 260/230 

ratio suggesting a high level of impurity due to organic contaminants carried over from the 

extraction process. A 260/230 ratio in the range of 2.0-2.2 and a 260/280 ratio of 1.8 is the 

target to ensure a good reliable result by aCGH. 

Clean-up was carried out using the QiaAmp® kit (Qiagen) as described in appendix D1. 

Briefly, the sample DNA (max 10ug) was diluted with dH2O to a volume of 100ul before 

adding AW1 and AW2 buffers. DNA is then purified by passing the mix through Minicolumn, 

which binds the DNA, allowing washing with buffers before DNA is eluted in 50µl Buffer AE.  

2.11.2 Array CGH labelling 

Labelling by synthesis of sample DNA with Cy3 (red) and reference DNA with Cy5 (green) 

fluorescent dyes was carried out using the Fluorescent Labelling System [dUTP/oligo] 

(Illumina). Initially, sample and reference DNA are mixed separately with random primers 

and incubated in a thermocycler at 95⁰C for 10 minutes, then cooled on ice to facilitate 

primer binding. Cy3 or Cy5 labelled dUTP, unlabeled dNTPs and Klenow fragment are added 

and the mix is incubated at 37oC for 2 hours in the thermocycler. Then, through a series of 

filtering process using Amicon Ultracel-30 membrane filter (Merck Millipore, Darmstadt, 
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Germany) and a vacuum concentrator at 37oC, the sample and reference DNA mixtures are 

concentrated. Subsequently, the DNA mixtures are reconstituted with T.E buffer. 

Nanodrop spectrometer is used at this stage to test the efficiency of labelling reactions 

before pairing sample and reference DNA according to gender and level of incorporation to 

be ready for hybridization step to the array. (Appendix D2) 

2.11.3 Array-CGH hybridization 

In this step, the paired labelled DNA is mixed with a hybridizsation mix consistent of a 

blocking agent, a buffer and Cot-1 Human DNA (Illumina®). After 3 minutes of incubation in 

95⁰C followed by cooling to room temperature, the mix is transferred to hybridization areas 

on a gasket slide. The Cytochip array slide in use is 8x60K, which means there are eight 

hybridization chambers on the array slide each has over 60,000 probes. The slide is left to 

hybridise for 24 hours at 65⁰C in a rotating oven (Shel Lab Rotating incubator). (Appendix 

D3)  

2.11.4 Array-CGH Washing  

The array slide is submerged in Oligo aCGH Wash Buffers 1 and 2 (Agilent) to remove any 

un-hybridised DNA before proceeding to the scanning analysis. (Appendix D4) 

2.11.5 Array-CGH scanning 

The array slides are scanned by Agilent SureScan Microarray Scanner in the Cytogenetics 

Department in Ninewells Hospital. The scanner is a laser induced fluorescence scanner. It 

measures and simultaneously compare the log2 ratios of the intensities of the two labelling 
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dyes from the sample and reference DNAs bound to probes fixed to a solid substrate (glass 

slide) to create a high-resolution image of the array surface. A BlueGnome software; 

BlueFuse Multi version 4.0 (Illumina®) was used to analyse the scanned image generated 

using an algorithm to identify and display all the information produced by the aCGH. 

(Appendix D5) 

 Oncoscan™ FFPE Assay Kit 2.12

The Oncoscan™ Assay Kit was used as a trial in this study to validate I-FISH results on 9p 

deletion. As the DNA extracted from FFPE tumour was highly degraded and not suitable for 

aCGH, Oncoscan™ came as an alternative technique to assess genome-wide copy number 

variation as well as LOH including copy-neutral LOH detection. It is a high-resolution kit with 

probes designed for 900 cancer genes, based on molecular inversion probe (MIP) technique 

optimised for highly degraded DNA from archived FFPE. MIP was originally developed for 

SNP genotyping, but has subsequently been used for identifying other types of genetic 

variation including focal insertions and deletions, larger copy number alterations, loss of 

heterozygosity (LOH), and most recently, for somatic mutation detection. Oncoscan™ 

provides a genome-wide copy number assessment that can also be used to detect subclones 

and clonal evolution cutting through information on tumour complexity and intratumour 

heterogeneity. As well as it can be analysed by I-FISH on FFPE by looking at single cells or by 

digital counting, however, both are costly and time-consuming with the added limitation of 

I-FISH being locus specific and low resolution.  The number and complexity of copy number 

aberrations have also been shown to be an indicator of patient prognosis [Arai et al, 2008, 

Moch et al, 1996]. 
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The main investigator chose 5 cases; four of them had a 9p deletion on I-FISH and one with 

normal 9p status. DNA was extracted using the same protocol previously mentioned and 

recommended by Affymetrix®. This was undertaken by the author. Affymetrix® also 

recommends using Qubit® dsDNA HS Assay Kit (Catalogue Number: Q32851, 

LifeTechnologies™) for DNA quantification. Subsequently DNA samples were sent to 

Affymetrix® to be run in the Genetics Department – Birmingham Womens’ Hospital 

laboratory. (Appendix G) 

 Array analysis 2.13

The analysis of the array based data, including array CGH and Oncoscan™, was performed 

using the software Nexus Copy Number (Biodiscovery®) version 7.5. Nexus is a powerful tool 

that allows analysis of genome-wide copy number and sequence variation events from 

aCGH, SNP array and next generation sequencing (NGS) platforms. It employs the same log2 

ratios, which were imported from BlueFuse Multi. The algorithm applied for data analysis 

and visualisation of the array data is FASST2 Segmentation. A significance threshold used is 

1.0E-5 and 1.0E-8 for aCGH and Oncoscan respectively, with the minimum number of probes 

in a region of gain or loss was 3. The threshold for gain or loss is ±0.1 (verified by I-FISH). 

Oncoscan parameters for allelic imbalance include; homozygous frequency threshold of 

0.85, homozygous value threshold of 0.8, heterozygous imbalance threshold of 0.4 and the 

minimum LOH length of 500Kb.        
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 Immunohistochemistry  2.14

2.14.1 Immunohistochemical staining 

The immunohistochemical staining was undertaken by staff in Tayside Tissue Bank (TTB) (Dr 

Susan Bray). Antigen retrieval and de-paraffinization were performed using DAKO EnVision™ 

FLEX Target Retrieval solution (high pH) buffer in a DAKO PT Link. Immunostaining using 

DAKO EnVision™ FLEX system on a DAKO Autostainer Link48 was carried out according to 

manufacturer’s protocol.  Sections were incubated with primary antibody for 30 mins (see 

table below).  DAKO substrate working solution was used as a chromogenic agent for 2 x 

5mins and sections were counterstained in EnVision™ FLEX hematoxylin.  Sections known to 

stain positively were included in each batch and negative controls were prepared by 

replacing the primary antibody with DAKO antibody diluent. For full protocol, see Appendix. 

2.14.2 Antibody dilution 

All five antibodies were optimised using different dilutions. All were tested on experimental 

TMA slides containing RCC tissue and a corresponding positive control tissue. The various 

TMA RCC slides with different dilutions were compared with the corresponding positive 

control under a microscope to determine the optimal titration for each antibody to be 

employed for the subsequent RCC TMA slides. The optimal dilution for each antibody is 

displayed in Table 2.5. 
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Table 2.5: Antibodies used for immunohistochemistry analysis 

Antibody Name Type Catalogue 
Number 

Company Dilution 

p14 ARF (4C6/4) Mouse mAb #2407 Cell Signaling 1-100 

p15 INK4b Rabbit pAb Ab94688 Abcam 1-2000 

p16 INK4a Mouse mAb 550834 BD Pharmingen 1-25 

CAIX Rabbit pAb   Santa Cruz 1-50 

ADFP Rabbit pAb  US Biological 1-1000 

 

2.14.3 TMA Scoring  

The primary investigator, blinded to clinical outcome, I-FISH and microsatellites results, 

scored TMA slides for p14, p15 and p16 antibodies using a Nikon Eclipse E600 microscope. 

The scoring consisted of 2 different techniques based on the Intensity of cytoplasmic 

immune-staining on a 4-point scale (Table 2.4) and the percentage of nuclei with immune-

staining in each core based on 3-point scale (Table 2.5). Both systems were applied for p14, 

p15 and p16 antibodies. In contrast, only the 4-point scale for cytoplasmic immune-staining 

was employed for scoring ADFP and CAIX antibodies.  CAIX and ADFP TMA slides were 

scored by a different investigator (Kathryn Garett). The scoring process was supervised and 

confirmed by a specialist consultant renal pathologist, Professor Stewart Fleming. For each 

tumour block represented by six cores, at least three scorable cores were required for valid 

scoring, whether it was based on intensity or percentage of nuclear staining. 



88 

 

 

2.14.3.1  Intensity of cytoplasmic immune-staining   

Each core was graded through assessment of the intensity of immune-staining. Only 

cytoplasm and membrane staining was considered. The 4 point scale scoring system was 

employed as shown in table 2.6. Cores containing less than 20% tumour tissue or consisting 

only of normal renal parenchyma were not assigned a score. This scoring technique was 

used to score all five antibodies (p14, p15, p16, CAIX and ADFP). For every antibody, a final 

score was assigned to each case based on the pooled mean score of all representative 

scored cores. At least 3 out of 6 cores were required to consider the pooled mean valid. 

Table 2.6: Scale used for scoring cytoplasmic and membranous immunostaining  

 

 

 

 

2.14.3.2 Nuclear immune-staining 

In this classification, the scoring was calculated by judging the percentage of nuclei in the 

tumour sample of a core that took up the stain, without consideration of intensity. Again, 

the core was required to consist of at least 20% tumour tissue to allow scoring. The 

grouping classification was determined based on the previous study that showed that p16 

nuclear immune-staining had a prognostic impact in ccRCC [Ikuerowo et al, 2007]. 

Eventually, the categories were agreed as:  

Score Interpretation 

X Core loss  

N Normal renal tissue 

0 No uptake of stain 

1 Diffusely or focally weak uptake of the stain 

2 Diffusely or focally moderate uptake or focally intense 

3 Diffusely intense 
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Table 2.7: Scale used for scoring of nuclear immunostaining 

 

 

Each core was scored from 1 to 3 based on the percentage of nuclei showing antibody 

uptake. Each tumour was assigned a final score based on the pooled mean score of all 

representative cores. This pooled mean was approximated to the nearest value (1 to 3) to 

represent the percentage of nuclear staining in the majority of the tumour cores. 

The scoring technique using the pooled mean from all representative cores ensures accurate 

assessment of the protein expression in the whole tumour block. All values were recorded 

on a pre-designed spreadsheet before being transferred to Microsoft Excel 2010 to calculate 

the means. A Nikon DS-Fi1 digital camera fitted to the Nikon Eclipse E600 microscope was 

used to capture images of each category of scoring for all five antibodies.   

 Statistical analysis 2.15

The number of cores and nuclei scored by each observer was compared. The level of inter-

observer agreement upon the validity of scoring and deletion status per represented block 

of the tumour was assessed using Kappa statistical analysis.  

The clinicopathological data were compared based on 9p status. Proportions between 

categorical variables were compared using Fisher’s exact and Pearson chi-square tests, as 

appropriate. The survival time was summarised using median and interquartile ranges (IQR). 

Score Percentage Nuclei Stained % 

1 0 – 10 % 

2 >10 but <50 % 

3 ≥50 % 
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Other continuous variables were summarised as means and standard deviation (SD) and 

compared using Student-t tests or Mann-Whitney U test as appropriate.  

The Kaplan-Meier method was used to estimate RFS and DSS based on 9p status and other 

variables. The log-rank test was used to compare the survival differences between the 

groups. 

A univariate Cox proportional hazard model was used to assess the correlation between 

prognostic variables and recurrence, and RCC-specific mortality. Multivariate analysis was 

performed for DSS and RFS after excluding the insignificant variables in univariate analysis. 

Backwards selection manner with the likelihood ratio criterion (for entry and removal: 

p≤0.05 and p>0.1 respectively) and rank of elimination was used to identify the most 

significant variables to be entered in the final models for RFS and DSS. The predictive 

accuracy of prognostic models was assessed by employing Concordance index (C-index). 

Statistical analysis was performed using IBM® SPSS® – version 21, with all tests being two-

tailed and p<0.05 considered statistically significant. 
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3 Chapter III: Results of systematic review of the literature  

Figure 3.1 shows the process of study selection. We identified 925 abstracts, of which 159 

were found to be relevant describing one or more genetic technique for assessing 

chromosome 9p deletion in renal cell carcinoma.  Of these, 145 studies were further 

excluded, based on the above-mentioned criteria. Only 14 studies evaluated chromosome 

9/9p status in RCC in relation to pathological parameters and clinical outcomes. We had 

to exclude one study as it was an earlier report using the same cohort of patients from 

same institution [Klatte et al, 2009a] and another study reported poorly on follow up 

[Toma et al, 2008].  From the twelve studies included in this review, four were from the 

USA, three from Germany, two from Switzerland, two from Italy, one from China and one 

from Brazil (Table 3.1). 
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Figure 3.1: Flow of Studies in the review 
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Table 3.1: Summary of the included studies 
 

Study/ Country RCC 
subtype 

Total 
Number 
of cases 

Median 
age 

(years) 

Cases 
with 

follow-up 
assessed 

for 9p 
status 

cN+M+ 
n= (%) 

 

Median 
Follow-

up 
Months 

Follow-up 
protocol 

Described 

Primary 
Outcome 
Analysed 

Five-year  survival P value 
 

9p 
deleted 

9p 
retained 

1. Antonelli 
2010  ITA 

ccRCC 131 62.9 
(Mean) 

131 19 
(14.5%) 

73 Yes CSS 60% 78% 0.312 

2. Brunelli 
2008  ITA 

ccRCC 73 65 73 7 
(10%) 

45 No CSS 43% 88% <0.001* 

3. De Oliveira 
2014  BRA 

ccRCC 94 
Nx-0 M0 

59.7 
(Mean) 

94 0 140.4 Yes CSS 
DFS 

71.4% 
71.4% 

98% 
93.7% 

<0.001* 
<0.001 

4. Gunawan 
2001  GER 

pRCC 50 62 38 9 
(24%) 

41 No DFS NS NS 0.00003 

5. Klatte 2009  
USA 

pRCC 65 61 57 NS 39 No CSS 0% 80% 0.009* 

6. La Rochelle 
2010  USA 

ccRCC 703 NS 703 260 
(37%) 

Mean 40 Yes DFS 
CSS (only 
N0M0) 

49% 
67% 

77% 
87% 

<0.001* 
<0.014* 

7. Li 2011  
CHINA 

ccRCC 93 55.5 78 0 31.7 Yes DFS (LOH) 
CSS (LOH) 

26% 
28% 

98% 
98% 

0.001 
0.001* 

8. Moch 1996 
SWI 

ccRCC 41 
(pT3) 

NS 37 0 39 Yes DFS 31% 70% 0.04 

9. Presti 2002  
USA 

ccRCC 72 
(pT3) 

NS 67 0 41 No DFS 50% 71% 0.14 

10. Sanjmyatav 
2011 GER 

ccRCC 53 61 53 
 

31 
(58%) 

47 No CSS 0% 75% 0.00001 
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ccRCC: clear cell renal cell carcinoma; pRCC: papillary renal cell carcinoma; NS: Not stated clearly; CSS: Cancer Specific Survival; DFS: 

Disease free survival; OS: Overall survival; LOH: Loss of heterozygosity; *Statistically significant on multivariate analysis 

11. Schaml 2001  
SWI 

ccRCC 113 
 

NS 88 12 
(14%) 

48 No CSS  (Only 
pT3) 
(n=37) 

LOH 0% 58% 0.01 

12. Schraml 
2000  SWI 

pRCC 37 NS 21 NS 54 
 

No OS  40% 81% 0.008* 
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 Characteristics of the included studies 3.1

The 12 included studies, dating from 1990 to 2014, studied one thousand five hundred 

and twenty-five cases (1525) and applied 6 different genetic techniques for assessing 

chromosome 9p deletion in renal cell carcinoma (Table 3.2). Microsatellite analysis was 

the main technique in 4 studies , [Li et al, 2011, Presti et al, 2002, Schraml et al, 2000, 

Schraml et al, 2001] CGH and array CGH in 2 studies [Moch et al, 1996, Sanjmyatav et al, 

2011], Karyotyping in 3 studies [Antonelli et al, 2010, Gunawan et al, 2003, Klatte et al, 

2009], I-FISH in two studies [Brunelli et al, 2008, de Oliveira et al, 2014] and combined I-

FISH and Karyotyping in one study [La Rochelle et al, 2010]. Single nucleotide 

polymorphism arrays (SNP) was employed in one study [Toma et al, 2008] which was 

excluded due to poor reporting on follow-up. Only in 5 studies a second technique was 

used for validation [Klatte et al, 2009, Li et al, 2011, Sanjmyatav et al, 2011, Schraml et al, 

2001, Toma et al, 2008]. The samples used were from formalin-fixed paraffin embedded 

tumour tissue in 7 studies [Brunelli et al, 2008, de Oliveira et al, 2014, La Rochelle et al, 

2010, Li et al, 2011, Presti et al, 2002, Schraml et al, 2000, Schraml et al, 2001]. Fresh 

frozen tissue was used in 2 studies [Sanjmyatav et al, 2011, Toma et al, 2008]. One study 

used samples from fresh frozen tissue and FFPE sections [Moch et al, 1996]. In four 

studies where karyotyping was the main technique; samples were only obtained from cell 

culture of fresh tissue [Antonelli et al, 2010, Gunawan et al, 2001, Klatte et al, 2009, La 

Rochelle et al, 2010]. Briefly, techniques are described below. 
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Table 3.2: Prevalence of chromosome 9p deletion according to technique and candidate locus or gene studied 

 

Study Genetic 
Technique 

Threshold for deletion Candidate locus/ gene Number of 9p 
deleted cases 
(%) 

1. Antonelli 
2010  

Karyotyping 20 metaphases*  Chromosome 9/9p 19/131 (14.5%) 

2. Brunelli 
2008  

I-FISH Mean% + 4SD% of abnormal 
nuclei in normal tissue  30% 
for monosomy and 31% for LOH 

Telomeric probe for the chromosome 9p telomere 
(Spectrum Orange LSI, Abbott) and a centromeric 
probe for the region 9p11–q11. 

13/73 (18%) 

3. De Oliveira 
2014  

I-FISH Homozygous loss only 
(threshold not specified)  

Telvysion 9p probe (telomeric probe) 14/94 (15%) 

4. Gunawan 
2003  

Karyotyping 20 metaphases*  Chromosome 9/9p 8/50 (16%) 

5. Klatte 2009  Karyotyping 20 metaphases*  Chromosome 9/9p 6/65 (9%) 

6. La Rochelle 
2010  

I-FISH 
 
Karyotyping 

If majority of nuclei were 
abnormal 
 
20 metaphases*  

Dual Color Probe – LSI p16 (CDKN2A)/centromeric 
probe 9 (CEP 9) 
 
Chromosome 9/9p 

44/316 (13.9%) 
 
 
53/388 (13.6%) 

7. Li 2011  Microsatellite 
analysis 

The signal from one allele was 
>50% reduced in tumour DNA 
compared with normal control 
The appearance of new bands 
defined as instability (MSI) 

D9S168 (9p23-9p24.2) 
D9S171 (9p21) 
D9S157 (9p22) 
D9S1749 (9p21) 

34/92 (36.9%) 
4/29 (13.7%) 
3/23 (13%) 
1/27 (3.7%) 

8. Moch 1996  CGH Mean green:red ratio ± 1 SD Chromosome 9/9p loss 10/41 (24%) 

9. Presti 2002  Microsatellite 
analysis 

the signal from one allele was 
>50% reduced in tumour DNA 
compared with normal control 

D9S925 (9p22) 
D9S921 (9p22) 

21/67 (31%) 
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10. Sanjmyatav 
2011  

Array CGH 
 
I-FISH 

Mean green: red ratio ± 1.5 SD 
 
Mean% – 2SD% of normal 
diploid cells/10 normal tissues 
 10% 

9p21.3 p24.1 
 
Probe single spectrum LSI 9p21.3p24.1 

11/53 (21%) 
 
Described as 
89% sensitivity  

11. Schraml 
2000  

Microsatellite 
analysis 

the signal from one allele was 
>50% reduced in tumour DNA 
compared with normal control 

D9S970 (9p12-9p13) 
D9S171 (9p13) 
D9S1748 (9p21) 
D9S156 (9p21) 
Allelic deletion in 9p with at least one microsatellite 
 

2/25 (8%) 
6/29 (21%) 
2/32 (6%) 
1/25 (4%) 
 
8/37 (22%) 

12. Schraml 
2001  

Microsatellite 
analysis 
 
 
 
 
 
I-FISH 
 
 
 
Sequence 
analysis 

the signal from one allele was 
>50% reduced in tumour DNA 
compared with normal control 
 
 
 
 
40% monosomy and 50% LOH  
 

D9S970 (9p12-9p13) 
D9S171 (9p13) 
D9S1748 (9p21) 
D9S156 (9p21) 
Allelic deletion in 9p with at least one microsatellite 
  
 
Dual colour I-FISH - Spectrum Orange-labeled 9p21 
probe – LSI CDKN2A with a corresponding Spectrum 
Green-labelled centromeric probe (CEP 9) 
 
CDKN2A  24-bp deletion within exon 1 

5/68 (7%) 
12/59 (20%) 
7/73 (10%) 
8/68 (9%) 
 
21/88 (24%) 
 
6/54 (11%) 
 
 
 
13/113 (12%) 

LSI = Locus-Specific Identifier  

*Analysis in accordance with the International Standing Committee on Human Cytogenetic Nomenclature 
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3.1.1 Fluorescence in situ hybridization (I-FISH) 

Five hundred and ninety patients (590) were assessed for chromosome 9p deletion by I-FISH 

in 5 studies. I-FISH was the main technique in 3 studies [Brunelli et al, 2008, de Oliveira et al, 

2014, La Rochelle et al, 2010]  and as an adjunct technique in 2 other studies [Sanjmyatav et 

al, 2011, Schraml et al, 2001] (Table 3.2).  

Brunelli et al. and La Rochelle et al. performed I-FISH on tissue microarrays (TMAs) 

constructed from formalin-fixed paraffin-embedded (FFPE) sections. Three cores 

representative of each tumour and at least one core of adjacent normal tissue were used to 

construct the TMAs in both studies. Each core was 0.6mm in diameter and 4 to 5 µm thick. 

While de Oliviera et al. represented each tumour with only two cores on the TMA.  Schraml 

et al performed I-FISH on whole tissue sections from FFPE tumour sections.  Sanjmyatav et 

al used single cell suspension extracted from fresh frozen tumour tissue.   

Three studies used a dual colour I-FISH probe. In 2 studies, the same dual colour I-FISH 

probe was used with locus-specific identifier (LSI) p16 Spectrum Orange probe contains 

several genetic loci on chromosome 9p21 including CDKN2A (Table 3.2). The centromeric 

enumeration probe 9 (CEP9) Spectrum Green hybridises to alpha satellite sequences specific 

to chromosome 9 [La Rochelle et al, 2010, Schraml et al, 2001]. On the other hand, Brunelli 

et al. employed 2 probes: a telomere-specific probe (115 kb) for the chromosome 9p 

telomere (Spectrum Orange LSI, Abbott) and a centromeric (alpha-satellite DNA) probe for 

the region 9p11–q11 [Brunelli et al, 2008]. 
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De Oliveira et al. used a single telomeric probe on chromosome 9p telomere without a 

control (CEP9) centromeric probe [de Oliveira et al, 2014].  

Sanjmyatav assessed chromosomal regions 1q21.3, 7q36.3, 9p21.3p24.1 and 

20q11.21q13.32 by using fluorescent probes (ZytoVision, Bremerhafen, Germany and 

Kreatech Diagnostics, Amsterdam, The Netherlands) to validate CGH results. 

Two studies used at least one core of normal renal parenchyma adjacent to the tumour 

cores from each patient as a negative control on TMAs [Brunelli et al, 2008, La Rochelle et 

al, 2010]. Sanjmyatav did ten control experiments on single cell suspensions from normal 

kidney tissues as a negative control to set the threshold for deletion [Sanjmyatav et al, 

2011]. Two studies did not use a normal tissue as a negative control [de Oliveira et al, 2014, 

Schraml et al, 2001].   

Regardless of the type of tissue used, the majority of the studies agreed on the scoring of 

signals in a minimum of 100 neoplastic nuclei per tumour [Brunelli et al, 2008, Sanjmyatav 

et al, 2011, Schraml et al, 2001]. In two studies, the minimum number of nuclei required to 

be scored was not mentioned [de Oliveira et al, 2014, La Rochelle et al, 2010]. De Oliveira et 

al. claimed to score all cells in each core without determining the minimum number of 

nuclei required or criteria to consider a core valid for scoring [de Oliveira et al, 2014]. Only 

one study relied on two separate investigators for interpretation of I-FISH scoring. However, 

there was no report on the degree of inter-observer variation and no mention if the 

observers were blinded to clinical outcomes. The authors reported that any disagreement 

was settled by consensus [La Rochelle et al, 2010]. I-FISH scoring was not validated by 

another observer in the rest of the studies [Brunelli et al, 2008, de Oliveira et al, 2014, 
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Sanjmyatav et al, 2011, Schraml et al, 2001]. Sanjmyatav et al blinded the I-FISH observer to 

tumour information [Sanjmyatav et al, 2011].   

There was a large variation between the five studies on defining chromosome 9p deletion 

status. The defined threshold level for deletion using I-FISH was arbitrary in all four studies 

and varied between 10% and 50%. 

In the largest study, monosomy, Loss of heterozygosity (LOH) or homozygous loss of 

chromosome 9p was determined for each core if the majority of scored neoplastic nuclei 

(presumed 50% cut-off threshold) were abnormal. 9p deletion in a tumour was decided if at 

least 2 of the three representative cores on the TMA displayed abnormal patterns [La 

Rochelle et al, 2010]. This study did not set a clear threshold value in the methodology and 

deletion status had to be agreed by two separate observers by consensus in the case of 

disagreement. Deletion of 9p was detected in approximately 14% of cases. The majority of 

9p deletions (79%) were caused by monosomy of the entire chromosome 9.  

Brunelli et al. defined chromosomal loss as the percentage of nuclei displaying single signals 

greater than the mean number of nuclei with single signals plus four times the Standard 

Deviation (SD) found in control samples of normal renal tissue. This translated to a threshold 

value of 30% for monosomy and 31% abnormal nuclei for homozygous or LOH deletion of 

chromosome 9/9p [Brunelli et al, 2008]. Chromosome 9p status was recorded for each 

tumour based on consensus.   

Schraml et al defined chromosome 9p deletion if 40% of scored neoplastic nuclei showed 

LOH of CDKN2A or if 50% of nuclei showed monosomy or homozygous loss [Schraml et al, 
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2001].  Sanjmyatav et al calculated a cut-off value of 10% of nuclei exhibiting abnormal 

patterns for the probe marking the loss of 9p21.3p24.1 based on the mean of abnormal 

patterns – 2 SD percent of normal diploid cells per 10 normal tissues employed in the study 

as control [Sanjmyatav et al, 2011].   

De Oliveira et al. did not employ a negative control and used a telomeric probe for scoring. 

They considered a tumour to be 9p deleted if nuclei displayed homozygous deletions 

without specifying a percentage threshold or cut-off value [de Oliveira et al, 2014]. Based on 

this approach, the authors reported a detection rate of homozygous loss of 15% that 

significantly exceeds all four studies using I-FISH. The pattern of deletion in other studies 

was predominantly due to loss of one copy of chromosome 9p (monosomy or LOH).  

An important limitation of La Rochelle, Brunelli and de Oliveira studies is that they relied 

only on I-FISH as the main technique to determine chromosome 9p deletion status without 

employing another validating technique or having a positive control. 

Schraml et al. used I-FISH only as an adjunct technique but no data on concordance with the 

other techniques was provided and did not report on the copy number neutral loss of 

heterozygosity (CNNLOH) [Schraml et al, 2001].  

3.1.2 Comparative Genomic Hybridization (CGH) 

CGH was the main technique to assess chromosome 9p deletion in 116 patients in 3 studies 

(Table 3.2). Moch et al employed conventional CGH in a group of patients with stage pT3a 

N0 M0 ccRCC. Toma et al used single nucleotide polymorphism (SNP) arrays to detect 

regions of LOH and DNA copy number aberration in a group of 22 patients with ccRCC. 
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Sanjmyatav et al studied 53 primary ccRCC including 31 metastatic tumours using array CGH 

[Moch et al, 1996, Sanjmyatav et al, 2011, Toma et al, 2008].  DNA was only extracted from 

fresh frozen tumour tissue in 2 studies [Sanjmyatav et al, 2011, Toma et al, 2008]. In one 

study, DNA was extracted from both; 22 fresh frozen tumours and 19 FFPE tumour blocks. 

For paraffin material, the authors extracted DNA from twenty-five 10µm sections [Moch et 

al, 1996].  Toma et al identified other chromosomal aberrations besides 9p deletion such as 

deletion of chromosomes 3p, 14q and 6q and gain of chromosomes 5q and 7q.  Moch et al 

reported a loss of chromosomes 3p, 13q, 6q, 8p, 14q, Xq in approximately 20% of tumours 

and gain of chromosomes 5q and 7 in 15% of tumours.  Sanjmyatav et al reported deletion 

of the region on chromosomes 3p, 8p, 14q and recurrent gains involving 5q and 7. The 

results of CGH were validated by another technique in 2 studies. Toma et al [Toma et al, 

2008] used quantitative PCR and immunohistochemistry for validation of SNP array results. 

Immunohistochemistry analysis of FOXP1 expression that focused mainly on chromosome 

3p showed 85% concordance with SNP array.  Sanjmyatav et al. [Sanjmyatav et al, 2011] 

used I-FISH for validation of array CGH results. I-FISH findings were in concordance with 

array CGH results. 

3.1.3 Microsatellite analysis 

Microsatellite analysis was used as the main technique in 4 studies to assess 284 RCC (ccRCC 

n=253, pRCC n=31) for loss of heterozygosity on chromosome 9p [Li et al, 2011, Presti et al, 

2002, Schraml et al, 2000, Schraml et al, 2001].  In all studies, DNA was extracted from FFPE 

tumour blocks. Tumour tissue was identified on haematoxylin and eosin slide before being 

manually microdissected from the block. Schraml et al. in both studies ensured at least 75% 

of tumour cells in the samples.  Schraml et al studied the effect of LOH of chromosome 9p 
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on progression in ccRCC and pRCC in 2 separate studies. Analysis of allelic deletions in both 

studies was performed by using 4 polymorphic microsatellites at the following loci: D9S970 

(9p12-9p13), D9S171 (9p13), D9S1748 (9p21) and D9S156 (9p21) [Schraml et al, 2000, 

Schraml et al, 2001]. 

Presti et al studied LOH in chromosomal regions commonly affected in renal cancer 

including chromosomes 3p, 8p, 9p and 14q. LOH analysis of chromosome 9p was performed 

using two microsatellites: D9S925 (9p22) and D9S921 (9p22)[Presti et al, 2002]. 

Li et al used 4 microsatellites [D9S168 (9p23-9p24.2), D9S171 (9p21), D9S157 (9p22), 

D9S1749 (9p21)] to assess for LOH and microsatellite instability on chromosome 9p in 

ccRCC. Only D9S168 was used on all 93 specimens based on the fact that it had the highest 

frequency of microsatellite alteration.  

Allelic loss was scored in Schraml et al and Li et al studies if the signal from one allele was 

>50% reduced in the tumour DNA compared with the control. Li et al also considered the 

presence of new, shifted alleles (the appearance of new bands) as instability (MSI). 

Presti used the peak areas of allelic signals to calculate allelic ratio in tumour and 

corresponding normal tissue. They determined allelic imbalance by dividing the allele ratio 

of the normal sample by the allele ratio of its corresponding tumour. LOH was scored when 

the allelic imbalance was <0.5. And when the allelic imbalance was >0.7, this was considered  

as retention of heterozygosity. For informative cases with an allelic imbalance between 0.5 

and 0.7, LOH was scored if the allelic imbalance remained <0.7 on the repeat analysis.   
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Two hundred and twenty-eight cases out of 284 cases (80%) in those four studies were 

informative on microsatellite analysis with survival data. 

Two studies used more than one validation technique. In one study [Li et al, 2011], the 

results were validated by using Real-Time Quantitative reverse transcription PCR to assess 

expression pattern of PTPRD mRNA with good concordance with D9S168 (9p23-p24) 

microsatellite alterations [Li et al, 2011]. In the other study, there was no reporting on 

concordance [Schraml et al, 2001]. 

3.1.4 Karyotyping (cytogenetic profiling) 

Six hundred and thirty-four tumours, in 4 studies, were investigated with karyotyping for 

deletion of chromosome 9. Hundred and fifteen were papillary RCC and 519 were clear cell 

RCC. 

Two studies were performed in the same institution [Klatte et al, 2009, La Rochelle et al, 

2010]. In all four studies, viable tumour samples were obtained immediately post-surgical 

extirpation of the tumour and dissected before being dissociated with collagenase II. Cells 

were washed, cultured and harvested according to the authors’ standard protocol. At least 

20 metaphases were analysed in accordance with the International Standing Committee on 

Human Cytogenetic Nomenclature by single cytogeneticist.   

3.1.5 Sequence analysis  

Schraml et al [Schraml et al, 2001] assessed CDKN2A sequence alterations in 113 ccRCC as 

an adjunct technique to microsatellite analysis. They detected 24-bp deletion within exon 1 
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of CDKN2A in 12% of the tumours which did not correlate with pathological parameters or 

cancer-specific survival.  

3.1.6 Validation Techniques 

Immunohistochemistry was used in 3 studies for validation of other techniques’ results to 

test for CDKN2A [Schraml et al, 2000, Schraml et al, 2001] or PTPRD [Li et al, 2011] or FOXP1 

[Toma et al, 2008] expression.  

Also, Klatte et al [Klatte et al, 2009] used immunohistochemistry on TMA constructed from 

40 papillary RCCs (Type I=13, Type II=27) to assess the molecular profiles of both types of 

papillary RCC.  

Two studies used quantitative PCR (qPCR) for validation of main technique results. In one 

study there was poor concordance between qPCR and microarray data; with the best 

concordance observed for the PARK2 gene on chromosome 6q (50%, 7/14 cases) [Toma et 

al, 2008].  

On the other hand, Li et al. [Li et al, 2011] using quantitative PCR showed significantly 

reduced expression of PTPRD in tumours exhibiting MSI and LOH at a D9S168 locus (9p22-

23) with a good concordance. However, PTPRD expression on immunohistochemistry 

showed no difference between tumours with and without MSI.  

 Subtypes of RCC studied 3.2

In ten studies, tumours were characterized by one pathologist with special experience in 

reporting on genitourinary malignancy [Antonelli et al, 2010, Brunelli et al, 2008, de Oliveira 

et al, 2014, Gunawan et al, 2003, Klatte et al, 2009, Li et al, 2011, Moch et al, 1996, Moch et 
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al, 1996, Presti et al, 2002, Schraml et al, 2000, Schraml et al, 2001] , In the rest of the 

studies, this was not clearly stated. 

Three studies reported on papillary RCC tumours [Gunawan et al, 2003, Klatte et al, 2009, 

Schraml et al, 2000]. The rest of the studies focused only on clear cell RCC [Antonelli et al, 

2010, Brunelli et al, 2008, de Oliveira et al, 2014, La Rochelle et al, 2010, Li et al, 2011, Moch 

et al, 1996, Moch et al, 1996, Presti et al, 2002, Sanjmyatav et al, 2011, Schraml et al, 2001, 

Toma et al, 2008].  

 Pathological parameters of tumours 3.3

The study population in 2 studies consisted of patients treated with radical nephrectomy for 

stage pT3a N0 M0 ccRCC [Moch et al, 1996, Moch et al, 1996, Presti et al, 2002]. Moreover, 

one study included only patients with localised non-metastatic ccRCC (Nx-0 M0) [de Oliveira 

et al, 2014].  

The other studies had no limitations on stage or grade of tumours included in the analysis of 

chromosome 9p status. The data from all studies was heterogeneous and in the majority of 

studies correlation between pathological parameters and 9p status was not described. Table 

3.3 summarises the studies that correlated pathological parameters to 9p status. 

 Follow-up 3.4

Follow up period in all studies was evaluated from the date of pathological diagnosis 

(surgical extirpation) to the last known follow-up. 

Follow-up data in all studies was available for 1,440 out of 1,525 cases (94.4%) 
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The median follow-up ranged between 31 and 140 months in the studies included in this 

review. 

 Type of tissue used 3.5

The samples used were only from formalin-fixed paraffin embedded tumour tissue in 7 

studies [Brunelli et al, 2008, de Oliveira et al, 2014, La Rochelle et al, 2010, Li et al, 2011, 

Presti et al, 2002, Schraml et al, 2000, Schraml et al, 2001]. Fresh frozen tissue was used 

in 2 studies [Sanjmyatav et al, 2011, Toma et al, 2008] for the main technique and in one 

study for validating quantitative PCR [Li et al, 2011]. One study used samples from fresh 

frozen tissue and FFPE sections [Moch et al, 1996]. In three studies, karyotyping was the 

main techniques; samples were only obtained from cell culture of fresh tissue [Antonelli 

et al, 2010, Gunawan et al, 2003, La Rochelle et al, 2010]. 

 Detection rate of chromosome 9/9p deletion in RCC 3.6

Table 3.2 shows the detection rate of chromosome 9p loss in all studies based on each 

technique used. This ranged between 13% and 36.9% in ccRCC and between 9% and 22% 

in pRCC. 

 Correlation between chromosome 9p status and pathological 3.7

parameters 

Seven of the twelve studies used 2x2 contingency table analysis to assess relationship 

between chromosome 9p loss, grade and stage [de Oliveira et al, 2014, Gunawan et al, 

2003, Klatte et al, 2009, La Rochelle et al, 2010, Li et al, 2011, Schraml et al, 2000, 
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Schraml et al, 2001] (Table 3.3). One study assessed the correlation between loss of 9p 

and state of metastasis [Sanjmyatav et al, 2011]. 

For papillary RCC, Three studies correlated stage with chromosome 9p loss. Only two of 

the three studies showed that 9p loss was associated with higher stage [Gunawan et al, 

2003, Klatte et al, 2009]. The third study showed that LOH at 9p13 was not significantly 

associated with the higher stage. The authors suggested that this might have been due to 

a small number of cases (n=31). On the other hand 9p loss was significantly associated 

with higher grade in the same study [Schraml et al, 2000].  

In 2 studies reporting on ccRCC, 9p copy number loss and microsatellites instability, 

including LOH, were significantly more observed in later stage tumours [La Rochelle et al, 

2010, Li et al, 2011]. La Rochelle et al also found a correlation between 9p loss and higher 

Fuhrman grades (G3/G4) [La Rochelle et al, 2010].  

Sanjmyatav and colleagues showed that loss of the region 9p21.3p24.1 on array CGH is 

significantly associated with the presence of metastasis [Sanjmyatav et al, 2011].  

On the other hand, Schraml et al found no association between stage, grade and LOH at 

9p21 and suggested that a more proximal TSG to CDKN2A could be implicated in ccRCC 

progression [Schraml et al, 2001]. Also de Oliveira et al. found no correlation between 9p 

homozygous loss and adverse histopathological features [de Oliveira et al, 2014]. 

 

 

 



109 

 

 

Table 3.3: Correlation between pathological parameters and chromosome 9p status 

Study Pathological 

parameters 

Chromosome 9/9p status 

(n=) or (%) 

I-FISHer-

exact test 

9p loss 9p retained p= 

1. Schraml 2001  pT1/2 12 29 0.27 

 

0.53 

pT3/T4 9 38 

N0M0 19 57 

N+M+ 2 10 

 

2. La Rochelle 

2010  

pT1/2 38 349 <0.01 

 

<0.01 

pT3/T4 59 257 

N0M0 43 400 

N+M+ 54 206 

 

3. Schraml 2000  pT1/2 4 9 0.054 

pT3 2 7 

 

4. Li 2011  pT1/2 12 40 0.007 

 

1 

pT3/4 14 12 

N0 23 46 

N+ 3 6 

 

5. Gunawan 

2003  

G1/2 6 33 Not 

assessed 

 

0.004 

 

0.04 

G3/4 2 4 

pT1/2 3 31 

pT3/4 4 6 

N0M0 3 31 

N+M+ 5 5 

 

6. Klatte 2009  pT1/2 Not stated clearly 0.001 

pT3/4  

N+ 50% 14% 0.027 

M+ 67% 14% 0.002 

 

7. De Oliveira, D  

2014  

pT1/2 12 77 0.689 

pT3 2 17 

G1/2 10 65 0.841 

G3/4 4 29 
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 Chromosome 9p deletion in RCC and prognosis 3.8

All studies included in this review have correlated clinical outcome in RCC patients with 

the deletion of chromosome 9p. Ten out of the twelve studies concluded that 

chromosome 9p deletion is associated with worse prognosis. However, two studies 

concluded that isolated 9p deletion had no effect on patient prognosis [Antonelli et al, 

2010, Presti et al, 2002] (Table 3.1) 

3.8.1 Studies reporting on recurrence-free survival (RFS) 

Five studies reported on the correlation between chromosome 9p deletion and 

recurrence-free survival [de Oliveira et al, 2014, Gunawan et al, 2003, La Rochelle et al, 

2010, Li et al, 2011, Moch et al, 1996, Presti et al, 2002]. Recurrence-free survival was 

defined as the period between the time of surgical extirpation of the renal tumour and 

the appearance of lesions at typical sites of RCC spread.  

3.8.2 Studies reporting on cancer-specific survival (CSS) 

Eight studies reported on correlation between chromosome 9p deletion and cancer 

specific survival [Antonelli et al, 2010, Brunelli et al, 2008, de Oliveira et al, 2014, Klatte et 

al, 2009, La Rochelle et al, 2010, Sanjmyatav et al, 2011, Schraml et al, 2000, Schraml et 

al, 2001, Toma et al, 2008]. Cancer-specific survival was defined as the period between 

the time of surgical extirpation of renal tumour and death from RCC. 

Only one study reported on overall survival [Li et al, 2011]. Patients who exhibited 9p loss 

carried a higher risk of recurrence [Gunawan et al, 2003, La Rochelle et al, 2010, Li et al, 

2011, Moch et al, 1996, Presti et al, 2002]and cancer-related death [Brunelli et al, 2008, 
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de Oliveira et al, 2014, Klatte et al, 2009, La Rochelle et al, 2010, Sanjmyatav et al, 2011, 

Schraml et al, 2000, Schraml et al, 2001, Toma et al, 2008]. In 2 ccRCC studies, the 9p 

deletion was not associated with worse outcome.  The majority of the studies included in 

this review had no strict inclusion criteria for patient selection which resulted that all 

stages and grades were included in survival analysis. However, the numbers were 

relatively small to allow subset analysis except in one study [La Rochelle et al, 2010]. The 

authors in 7 studies [Brunelli et al, 2008, de Oliveira et al, 2014, La Rochelle et al, 2010, Li 

et al, 2011, Presti et al, 2002, Schraml et al, 2000, Schraml et al, 2001] used multivariate 

analysis models which included age, sex, stage, grade, tumour size, presence of 

metastasis, Eastern Cooperative Oncology Group (ECOG) performance status or 

prognostic score like SSIGN in an attempt to assess the prognostic value of chromosome 

9p status [Ficarra et al, 2009]. Only one study used validated predictive models with 9p 

status in multivariate analysis model to establish if the latter continues to be an 

independent prognostic factor [Brunelli et al, 2008]. However, the authors did not assess 

if 9p status improves the predictive accuracy of the validated predictive model for cancer-

specific survival (SSIGN score). 

3.8.3 Chromosome 9p status in localised ccRCC:  

In the subgroup analysis of localised ccRCC (n=443) by La Rochelle and colleagues, 9p 

status was an independent prognostic factor.  The five-year recurrence-free survival for 

patients with and without 9p deletion was 49% and 77% respectively (p<0.001). The five-

year cancer-specific survival for patients with and without 9p deletion was 67% and 87% 

respectively (p=0.014). The authors concluded that chromosome 9p loss is an 
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independent prognostic marker in a multivariate analysis model including stage, grade 

and ECOG performance status [La Rochelle et al, 2010]. 

De Oliveira and colleagues, in a cohort of 94 cases of localised ccRCC (Nx-0 M0), showed 

that homozygous loss of chromosome 9p was associated with higher risk of recurrence 

and cancer-specific death on univariate analysis. 9p homozygous deletion was an 

independent prognostic factor for cancer-specific death with tumour size on multivariate 

analysis model including tumour stage, grade, microvascular invasion and tumour 

necrosis [de Oliveira et al, 2014].   

Li et al included 78 patients with localised ccRCC in the survival analysis. In this cohort, 

they demonstrated that microsatellite instability or LOH on chromosome 9p23-24 

(D9S168) was associated with worse overall survival and recurrence-free survival (Log 

Rank: p= 0.01). On multivariate analysis model including age, sex and stage, D9SS168 

alteration (LOH or MSI) was found to be an independent prognostic factor (p=0.009). 

Two studies focused on the significance of chromosome 9p deletion on recurrence in 

locally advanced non-metastatic ccRCC (pT3aN0M0) [Moch et al, 1996, Presti et al, 2002]. 

Moch et al reported 35% recurrence-free survival at 5 years in patients with 9p deletion 

(n=9) compared to 70% for patients with no deletion (n=28) (p=0.04) [Moch et al, 1996]. 

Controversially, Presti and colleagues with a bigger sample size and different technique 

showed that LOH of chromosome 9p was not associated independently with earlier 

recurrence but only when combined with 8p loss. 
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3.8.4 Chromosome 9p status in small ccRCC (≤4cm):  

Only one study [La Rochelle et al, 2010] reported on the correlation between 

chromosome 9p status and recurrence, cancer-specific survival in small ccRCC (≤4cm). 

This was the largest study that allowed a subset survival analysis of 207 patients with 

small renal masses. 9p deletion was associated significantly with lymph node and distant 

metastasis (23% vs. 7.5%; P=0.03).  The 5 years cancer specific survival 56% for 9p 

deletion (n=21) vs. 90% for normal 9p status (n=186) (p<0.01).  The 5 years recurrence-

free survival in localized (N0M0) small ccRCC with 9p deletion was 68% (n=16) vs. 97% 

with normal 9p status (n=172) (p=0.01).  The number of cases included in the other 

studies did not allow a subset analysis on SRMs. 

3.8.5 Chromosome 9p status in metastatic ccRCC 

In a single study, the authors correlated chromosome 9p deletion to cancer-specific 

survival only in stage pT3 ccRCCs. The five-year cancer-specific survival rate was 0% in the 

9p deleted group (n=7) compared to 58% in patients with retained 9p (n=30) (p=0.01). 

However, on a multivariate analysis model for cancer-specific survival, including grade 

and presence of metastasis, 9p was not an independent prognosticator [Schraml et al, 

2001]. 

Also, La Rochelle and colleagues concluded that 9p status had no effect on cancer-specific 

survival in cases with metastatic disease at diagnosis (n=260) (HR, 1.02; P=0.9) [La 

Rochelle et al, 2010].  
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More recently, Sanjmyatav et al [Sanjmyatav et al, 2011] assessed 53 primary clear cell 

RCCs (31 of which were metastatic) to identify recurrent chromosomal aberrations 

associated with metastatic disease. Loss of 9p21.3p24.1 was the most prominent of these 

aberrations with the highest odds ratio for metastatic risk and was linked to shorter 

cancer-specific survival. However, the authors did not include 9p loss in a multivariate 

analysis model.  

3.8.6 Chromosome 9p status in pRCC 

Survival analysis was performed in only one study on pRCC. Five-year survival rates were 

40% for patients with LOH of D9S171 at 9p compared to 81% for patients without 

deletion (p=0.008) [Schraml et al, 2000]. This deletion was an independent predictor of 

prognosis in multivariate analysis including stage and grade.  Gunawan et al and Klatte et 

al reported that 9p loss in pRCC was associated with higher risk of recurrence and cancer-

specific death, but only on univariate analysis [Gunawan et al, 2003, Klatte et al, 2009]. 

 Assessment of bias and applicability of the included observational 3.9

cohort studies 

The STROBE assessment (Table 3.4) demonstrates that none of the 12 included studies 

had a low risk of bias or low concerns regarding applicability in all four domains evaluated 

by the reviewers. In general, most studies had a high risk of bias in domain 1 of patient 

selection and had high concerns regarding applicability, in domains 4A and 4B, the 

domains concerning the sample size and tissue samples used for the analysis.  
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Only two studies reported a methodology of choosing consecutive cases as their sample 

population [La Rochelle et al, 2010, Schraml et al, 2001]. For the rest of the studies, it was 

unclear how the sample population was selected. 

All the studies determined clearly the cut-off threshold for the main technique employed 

before reporting the results. However, there was high concern regarding the various 

arbitrary methods by which the cut-off threshold for 9p deletion was decided in studies 

especially in those using FISH as the main technique [Brunelli et al, 2008, de Oliveira et al, 

2014, La Rochelle et al, 2010]. 

Lack of validation was another limitation to the majority of the studies that could have 

introduced bias especially when the main technique used was observer dependent. 

Validation of 9p status took place only in 3 studies. Only in one study, there was a high 

concern for bias due to lack of concordance data between the main and the validating 

technique [Schraml et al, 2001, Schraml et al, 2001]. 

High risk of bias could have also been introduced in flow and clinical follow-up due to 

missing follow-up data of some cases. The uninformative cases on microsatellite analysis 

had to be excluded from survival analysis. Also, the validating technique was not 

employed in all cases. In terms of applicability, there was low concern regarding cohort 

selection, target condition, technique interpretation and threshold across all studies. 
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Table 3.4: Assessment of bias and applicability of the included studies 

Study Risk of bias  Applicability concerns  

 Patients 

selection 

Definition of 

threshold 

Validation test Flow and 

clinical 

follow-up 

Cohort 

selection 

Technique 

interpretation and 

threshold 

Target 

condition 

Sample size 

and tissue 

samples used 

Antonelli 2010 High Low High Low Low Low Low High 

Brunelli 2008 High Low High Low Low 

 

Low Low High 

De Oliviera 2014 High High High Low Low High Low High 

Gunawan 2003 High Low High High Low Low Low High 

Klatte 2009 High Low High High Low Low Low High 

La Rochelle 2010 Low Low 

 

High Low Low Low Low High 

Li 2011 High Low Low High Low Low Low High 

Moch 1996 High Low High High Low Low low High 

Presti 2002 High Low High Low Low Low Low High 

Sanjmyatav 2011 High Low Low Low Low Low Low High 

Schraml 2000  Low Low High High Low Low Low High 

Schraml 2001 Low Low High High Low Low Low High 
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 Discussion 3.10

Our systematic appraisal of the literature demonstrates that only a small number of 

studies were conducted on the topic. The ideal study on chromosome 9p status in RCC 

has yet to be performed to answer key clinical questions. In general, strikingly, small 

cohorts of renal cancer patients were recruited without any statistical power calculation.  

Moreover, all studies included in this review were retrospective observational cohort 

studies. There was a lack of reporting on measures to avoid bias such as using consecutive 

cases with inclusion criteria, single pathologist to characterise tumours in half of the 

studies, blinding the assessor of 9p status to pathological parameters and clinical 

outcome.  The majority of studies had no strict inclusion criteria that led to the inclusion 

of all stages and grades. Only one study had sufficient cases to allow subset analysis. 

It is important to note that most of the studies reported poorly on patient demographics 

that made an analysis of sample population difficult. Only five studies reported gender 

and seven studies reported the median age of the sample included. It was not possible to 

assess the correlation between chromosome 9p deletion with pathological parameters 

and survival due to the heterogeneity of the reported data including various techniques, 

tissue used, cut-off thresholds, lack of reporting on demographics, various types of RCC 

studied. 

Studies employing microsatellite analysis or I-FISH relied mainly on tissue extracted from 

paraffin blocks the DNA of which is inferior in quality compared to fresh frozen tissue. The 

results of microsatellite or sequence analysis in one study [Schraml et al, 2001] should be 
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interpreted with care as DNA quality extracted from paraffin sections analysis is usually 

degraded and significantly less amplified by PCR compared to DNA from fresh frozen 

tissue [Verhoest et al, 2012]. 

The prognostic role of chromosome 9p deletion was studied in the two commonest 

subtypes of RCC; i.e. clear cell (ccRCC) and papillary (pRCC). Only three small studies 

reported on pRCC. Klatte et al and Gunawan et al, in an attempt to characterise both 

subtypes of pRCC cytogenetically, they detected 9p deletion in a small number of cases 

which seemed to have a worse outcome on survival analysis. Only schraml et al [Schraml 

et al, 2000] studied specifically the prognostic value of 9p loss by using microsatellites in 

pRCC but was limited by a small number of cases, lack of validation and differentiation 

between the 2 subtypes of pRCC. 

Six percent (6%) of cases included in this review had no follow-up data, including two 

studies that did not clearly report on the mean follow-up period.   

Several techniques were used to assess 9p deletion; each had its limitations. Fluorescence 

in situ hybridization (I-FISH) scoring is influenced by fading of signals, inter-observer 

variability, the quality of tissue from paraffin blocks and tissue slicing. In addition, there 

was a lack of standardisation of I-FISH scoring across all the studies with different cut-off 

values used to determine 9p deletion. This represents a major challenge to the 

applicability of I-FISH in a clinical diagnostic setting [Junker et al, 2013].  

Comparative genomic hybridization was employed in three studies with a relatively small 

number of cases. Array CGH can assess the whole genome for chromosomal deletions and 
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gains and is more sensitive to numerical chromosomal aberrations due to its high 

resolution. However, it cannot detect balanced translocations, minor clones [Receveur et 

al, 2005]. SNP array can detect LOH besides CNVs [Zheng et al, 2005] and was used in only 

one study with a limited number of cases [Toma et al, 2008]. Array CGH results were 

validated in one study by I-FISH with good concordance for metastasis and CSS. The 

authors have suggested that combined genetic assessment of primary tumours with array 

CGH and I-FISH could enhance the ability to detect prognosticators that will help identify 

high-risk patients [Sanjmyatav et al, 2011].  

Microsatellites analysis was another technique used in studies with an average number of 

cases. Microsatellites are useful in detecting LOH of a locus or gene however more 

microsatellites are required to detect reliably chromosomal copy number aberrations. 

The review showed that one out of five cases tested for 9p deletion by microsatellites was 

non-informative and had to be excluded from analysis.  

Karyotyping is only possible using fresh tissue that requires cell culture with potential 

failure in some cases. It can underestimate 9p deletion due to chromosomal 

condensation of mitoses and frequent complex rearrangements [Receveur et al, 2005]. It 

is unable to detect small deletions. Karyotyping was the main technique in 4 studies with 

historical cohorts with no validation technique employed. 

There was significant correlation between chromosome 9p deletion and higher stages 

and grades in both papillary and clear cell carcinoma confirmed in 6 studies [Gunawan et 

al, 2003, Klatte et al, 2009, La Rochelle et al, 2010, Li et al, 2011, Sanjmyatav et al, 2011, 

Schraml et al, 2000].  
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Chromosome 9p loss was associated with worse prognosis in 10 studies on survival 

analysis. However when included in multivariate analysis model, it was only found to be 

an independent prognosticator in four studies reporting on ccRCC with different 

thresholds and criteria for deletion [Brunelli et al, 2008, de Oliveira et al, 2014, La 

Rochelle et al, 2010, Li et al, 2011] and one study on pRCC [Schraml et al, 2000]. Also, 

Integration of 9p status in prognostic models for ccRCC marginally improved the 

predictive accuracy of cancer-specific survival up to 89% in 2 studies from the same 

institution [Klatte et al, 2009a, La Rochelle et al, 2010]. However, these predictive models 

were only based on pathological stage and grade, which already correlated with 9p status 

in this cohort, and were not models externally validated such as SSIGN score [Ficarra et al, 

2006, Frank et al, 2002]. 9p status was assessed in a multivariate model with SSIGN score 

in only one study, but the authors did not report if the inclusion of 9p status had an 

impact on the predictive accuracy of the model [Brunelli et al, 2008].   

Some genes on chromosome 9p have been suggested to be implicated in ccRCC 

progression. However, none of them has been confirmed to be the rate limiting gene. The 

low level of expression of carbonic anhydrase IX (CAIX) gene located on locus 9p13 by 

immunohistochemistry was shown to be associated with worse prognosis in previous 

studies with various cut-off thresholds for immune-positivity ranging between 50% and 

85% [Bui et al, 2003, Patard et al, 2008b, Sandlund et al, 2007]. Also low levels of 

p16INK4a protein expression which is encoded by Cyclin-Dependent Kinase Inhibitor 2A 

(CDKN2A) gene located on 9p21 have been investigated by immunohistochemistry in 

ccRCC and had an effect on prognosis [Ikuerowo et al, 2007, Kawada et al, 2001b]. On the 

other hand, Schraml et al showed that CDKN2A alterations only occur in a small subset of 
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ccRCC and that possibly another more centromeric tumour suppressor gene (TSG) could 

be implicated in ccRCC progression [Schraml et al, 2001]. One of the studies in this review 

reported that D9S168 microsatellite alterations, located at 9p23-24 gene region that 

encodes for protein tyrosine phosphate receptor delta (PTPRD) were significantly 

associated with low expression of PTPRD at the messenger RNA level [Li et al, 2011]. The 

process of RCC progression is complex involving various genetic and epigenetic events. 

Results from genome sequence analysis helped to study closely and identify new 

mutations in genes implicated in RCC progression such as PBRM1, SETD2, and BAP1 

[Dalgliesh et al, 2010a, Guo et al, 2011, Varela et al, 2011]. 

3.10.1 Implications for clinical practice 

The literature search shows that the reported evidence is not strong enough for the 

translation of genetic testing for chromosomal 9p status into clinical practice. Lack of 

standardisation of molecular genetic techniques, validation by a second test, inter-

observer agreement on scoring, recruitment of cohort with the prior statistic power to 

answer key clinical issues, defined and agreed follow-up protocols are some of the major 

issues which need urgent attention. FISH and karyotyping are main reported techniques 

employed which need further validation.  The review specifically addressed the question 

of applicability and the reported literature shows high concern for applicability. We 

estimate that it will take a few years until chromosome 9p status can be integrated as a 

part of routine clinical practice for every patient with renal cancer. The technique has to 

be cost-effective, reproducible, timely and of equitable manner before being adopted 

widely. Moreover, before all this it has to improve the predictive accuracy of well –

established and validated models. 
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3.10.2 Implication for Research 

 Some recommendations could be made based on our study: 

 Before studying any molecular prognostic factor, protocols for molecular genetic 

techniques needs to standardised, thresholds agreed upon, sampling of tissues 

needs to be assessed with tumour heterogeneity kept in mind and inter-observer 

agreement reported.  

 The results of new and emerging molecular genetic techniques need to be validated 

using a complementary technique including the appropriate use of negative and 

positive controls. 

 Progression of RCC is a complex event that involves multiple genetic and epigenetic 

events. Although, chromosome 9p deletion seems to have involvement in the process 

of ccRCC and pRCC progression, further studies are required to identify the rate-

limiting genetic aberration on chromosome 9 implicated in the clinical progression of 

the disease. 

  



123 

 

 

 

4 Chapter IV: Analysis of chromosome 9p status in clear cell Renal 

Cell Carcinoma by Interphase Fluorescence In-Situ Hybridisation 

(I-FISH) 

 Cohort  4.1

There were 89 (82.4%) patients with ccRCCs tumours, 13 (12%) with papillary RCCs (pRCC), 5 

(4.6%) chromophobe RCCs and one (1%) collecting duct carcinoma.  Ten tumours (9 ccRCCs 

and one pRCC) could not be scored due to poor signal, core loss or necrosis or excess 

connective tissue and damaged cells.  

 Inter-observer agreement of I-FISH scoring 4.2

Out of 756 tumour cores, observer 1 scored 534 (70%) compared to 517 (68%) cores by 

observer 2 based on the pre-set criteria. The mean number of cores per tumour block 

scored by each observer was comparable (4.6/6 vs. 4.45/6) (p=0.055). Also, the mean 

number of nuclei per tumour block scored by each observer was comparable (mean 151.4 

vs. 147.8) (p=0.645). Both observers agreed upon 9p status or invalid scoring in 105 out of 

126 (83%) tumour blocks with a kappa statistic for inter-observer agreement of 0.71 (good 

agreement; 95% CI 0.60 to 0.82; p<0.0001). The deletion was detected and agreed upon in 

37 tumour blocks with LOH being the predominant deletion pattern (n=21), followed by 

monosomy (n=13) and homozygous deletion (n=3). Both observers agreed on a no-deletion 

status and invalid scoring in 58 and ten blocks respectively. Two out of the 17 tumours 

represented by more than one block showed variation for 9p status between the blocks. 
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The pooled mean percentage of abnormal nuclei, in the agreed upon 9p deleted tumour 

blocks, was 52.5% (range 35% - 97%) and 54% (37% - 98%) for observer 1 and observer 2, 

respectively (p=0.782). While, in the non-9p deleted tumour blocks, the pooled mean 

percentage of abnormal nuclei was 23% (range 7% - 42%) and 25% (6% - 47%) for observer 1 

and observer 2, respectively (p=0.4). In the agreed upon blocks, the detection of 9p deletion 

increased with the total number of cores scored. The 9p deletion was observed in 25% of 

blocks where three cores were scored, compared to almost 50% of blocks where the six 

representative cores were scored (Figure 4.1). 

 

Figure 4.1: Agreed 9p status in tumour blocks by total number of cores scored 
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Both observers disagreed on scoring 21 tumour blocks. The majority of discordance was due 

to invalid scoring by one observer (n=10). In the rest of discordant cases (n=11), there was a 

significant difference in the percentage of abnormal nuclei between both observers which 

required a slide review to reach a consensus.  

Ten whole tissue sections were scored from tumours on which both observers agreed upon 

9p status. The five non-deleted tumours showed abnormal nuclei ranging between 11 and 

23% (mean 19%) in whole tissue section compared to 15 and 30% (mean 20.3%) in 

representative cores. On the other hand, the five tumours with 9p deletion showed a range 

of abnormal nuclei between 66 and 93% (mean 78%) on whole sections compared to a 

range between 53 and 97% (mean 71%) in the corresponding cores. The overall 

concordance between whole sections and tissue array cores was 100%. 

 Clinicopathological parameters and correlation with 9p deletion with 4.3

I-FISH 

There were 98 out of 108 tumours with valid 9p deletion status and complete pathological 

and follow-up data for analysis. Only patients with ccRCC tumours (n=80), with a mean age 

of 62.96 years (SD±11.64) and the male to female ratio of 5:3, were included in the analysis.  

Table 10 summarises the clinicopathological parameters based on chromosome 9p status. 

Chromosome 9p deletion was observed in 44% of the tumours (35/80). The mean age of the 

9p-deleted group was 65.92 (SD±10.7) years compared to 60.4 (SD±11.92) years in the non-

9p-deleted group (p=0.043). 

The mean size of 9p-deleted tumours was 7.7cm (SD±3.42) vs. 5.6cm (SD±2.54) for non 9p-

deleted ones (p=0.002). Also, 9p loss was significantly associated with higher pathological T 
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stage (p=0.021) presence of tumour necrosis (p=0.019), microvascular invasion (p=0.032), 

and renal vein invasion (p=0.046) compared to non-9p-deleted tumours. 

Twelve patients (15%) had metastatic disease at diagnosis. Two had regional lymph node 

metastasis, eight patients had distant metastasis involving typical sites: adrenals, lungs and 

liver. One patient had metastasis to an unusual site; the bladder wall which was confirmed 

by resection pathology. Only one patient had both regional lymph node and distant liver 

metastasis.  In this cohort, 9p status was not associated with a higher risk of metastasis 

(p=0.156).  

In total, there were 35, 28 and 17 patients with low (SSIGN: 0-3), intermediate (SSIGN: 4-7) 

and high (SSIGN: 8-13) SSIGN scores respectively. The trend was suggestive that 9p-deleted 

tumours were associated with higher SSIGN scores (p=0.051). On the other hand, there 

were 25, 25 and 20 cases with low (Leibovich score: 0-2), intermediate (Leibovich: 3-5) and 

high (Leibovich: 6-11) risk of recurrence or development of metastasis respectively. 9p-

deleted tumours were also associated with higher Leibovich score (p=0.018). 

 

Table 4.1: Clinicopathological parameters by 9p deletion status 

Clear Cell RCC  Number of cases (n) (%) P value 

Variables  9p deleted Non-9p deleted  

  35 (44%) 45 (56%)  

 

Age at diagnosis (yrs) Mean (SD) 65.94 (10.7) 60.4 (11.92) 0.043* 

 

Tumour size Mean (SD) 7.7 (3.42)  5.6 (2.54) 0.002* 

 

Gender Male 24 (69%) 26 (58%) 0.360 

Female 11 (31%) 19 (42%) 
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T stage pT1a 3 (9%) 15 (33%) 0.021* 

pT1b 7 (20%) 11 (24%) 

pT2a 6 (17%) 5 (11%) 

pT2b 2 (6%) 1 (2%) 

pT3a 12 (34%) 13 (29%) 

≥pT3b 5 (14%) 0 

  

N Stage N0/x 32 (91%) 45 (100%) 0.080 

N1/2 3 (9%) 0 

 

M Stage M0 29 (82%) 41 (91%) 0.320 

M1 6 (18%) 4 (9%) 

 

Metastasis N0M0 27 (77%) 41 (91%) 0.166 

N+M+ 8 (23%) 4 (9%) 

 

Fuhrman Grade  G1/G2 11 (31%) 20 (44%) 0.360 

G3/G4 24 (69%) 25 (56%) 

 

Tumour necrosis Present 18 (51%) 11 (24%) 0.019* 

Absent 17 (49%) 34 (76%) 

 

SSIGN score 0-3 (low) 10 (29%) 25 (56%) 0.051 

4-7 (intermediate) 15(43%) 13 (29%) 

8-13 (high) 10 (29%) 7 (17%) 

 

Leibovich score [Leibovich 
et al, 2003] 

0-2 (low) 5 (17%) 20 (49%) 0.018* 

3-5 (intermediate) 12 (41%) 13 (32%) 

6-11 (high) 12 (41%) 8 (18%) 

 

Sarcomatoid change Present 3 (9%) 3 (7%) 1.0 

Absent 32 (91%) 42 (93%) 

 

Microvascular invasion Present 16 (46%) 10 (22%) 0.032* 

Absent 19 (54%) 35 (78%) 

 

Renal Vein invasion  Present 11 (31%) 5 (11%) 0.046* 

Absent 24 (69%) 40 (89%) 

 

Pelvicalyceal invasion Present 6 (17%) 7 (16%) 1.000 

Absent 29 (83%)  38 (84%) 

 

Renal sinus invasion Present 10 (29%) 6 (13%) 0.102 

Absent 25 (71%) 39 (87%) 

(*) Statistically significant 
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 Survival analysis 4.4

4.4.1 Follow-up 

The median follow-up for patients with ccRCC was 95 months (IQR 40.5–115.5 months). In 

total, 40 patients (50%) died at the end of the follow-up period. Twenty patients (25%) died 

of advanced renal cancer. While, 20 patients died from non-RCC related causes. Nine cases 

died from a second advanced malignancy including lung (n=2), breast (n=3), pancreatic 

(n=1), colorectal (n=2) and melanoma (n=1) with no sign of renal cancer recurrence. One 

died from sepsis and acute kidney injury (AKI) on day eight post-nephrectomy. Eleven 

patients died from other causes including sepsis, cerebrovascular accident, auto-immune 

hepatitis and severe pancreatitis from gallstones. 

4.4.2 Recurrence-free survival (RFS) in localised ccRCC 

Table 4.3: Univariate Cox proportional hazards analysis for recurrence-free survival (RFS) 

Univariate analysis for recurrence-free survival (RFS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

Age Scale 0.007 1.061 1.016 1.081 

Gender Male vs. Female 0.789 0.875 0.328 2.334 

Tumour size Scale 0.063 1.148 0.992 1.327 

pT-stage pT3/4 vs. pT1/2 0.001 4.845 1.856 12.651 

Necrosis Present vs. absent 0.119 2.088 0.827 5.271 

Pelvi-calyceal invasion Present vs. absent 0.132 2.373 0.771 7.302 

Microvascular invasion Present vs. absent 0.007 3.572 1.407 9.066 

Sarcomatoid features Present vs. absent 0.272 2.293 0.522 10.069 

Fuhrman Grade G3/4 vs. G1/2 0.190 1.996 0.710 5.615 

9p status Deletion vs. no deletion 0.003 5.365 1.763 16.327 

Leibovich score 3 sub-categories 0.003 2.898 1.453 5.780 

Eighteen out of 70 patients (25.7%) with localised ccRCCs at diagnosis developed recurrence 

with the median time to recurrence 35 months. Two of those 18 patients who developed 
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recurrence were regional lymph nodes positive for metastasis on pathology. 9p deletion, pT 

stage, microvascular invasion, age and high Leibovich score were associated with increased 

risk of recurrence on univariate analysis in our cohort (Table 4.3). In the non-9p-deleted 

tumours only 11% developed recurrences at 5 years and 10 years of follow-up, in contrast to 

38% and 58% of patients with 9p-deleted tumours showing recurrences at 5 and 10 years, 

respectively (p=0.001; Figure 4.2). In the sixteen pathologically localised ccRCC cases at 

diagnosis, we observed a more aggressive pattern of recurrence in patients with 9p-deleted 

tumours involving distant organs when first detected; in 11 out of 12 cases disease recurred 

distantly, while 3 out of the 4 patients with non-9p-deleted tumours had the first site of 

recurrence in the resected renal bed (p=0.026).   

Figure 4.2: Renal cancer recurrence-free survival (RFS based on chromosome 9p status 
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Figure 4.3: Renal cancer recurrence–free survival based on Leibovich score  

 

4.4.3 RCC disease-specific survival (DSS) 

The median DSS for tumours with 9p loss was 87 months (IQR 31–112 months) compared to 

97 months in non-9p-deleted ones (IQR 53–120 months) (p =0.291). At 1, 5 and 10 years of 

follow-up, 15%, 39% and 55% of patients with 9p loss died from ccRCC respectively as 

compared to 0%, 5% and 11% in patients with normal 9p (p <0.001) ( Figure 4.4). Also, 

tumour size ≥5cm, pathological T3 and T4 stages, Fuhrman grades 3 and 4, presence of 

metastasis (N+M+), tumour necrosis, microvascular invasion, renal vein invasion, 

pelvicalyceal invasion, renal sinus invasion and SSIGN score were all variables associated 

significantly with cancer-specific mortality in univariate analysis. 
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Figure 4.4: Renal cancer disease-specific survival (DSS) by chromosome 9p status 

 

Figure 4.5: Renal cancer disease-specific survival based on SSIGN score 
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Table 4.4: Univariate Cox proportional hazards analysis for disease-specific survival 

(DSS) 

Univariate analysis for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

Age Scale 0.074 1.036 0.997 1.076 

Gender M vs. F 0.758 0.867 0.035 2.149 

Tumour size Scale <0.001 1.319 1.170 1.488 

T-stage pT3/4 vs. pT1/2 <0.001 14.276 4.457 53.405 

Metastasis N+M+ vs. N0M0 <0.001 11.905 4.881 29.037 

Necrosis Present vs. absent 0.009 3.235 1.338 7.821 

Pelvicalyceal invasion Present vs. absent 0.015 3.281 1.255 8.574 

Microvascular invasion Present vs. absent <0.001 5.397 2.148 13.560 

Sarcomatoid features Present vs. absent 0.548 1.565 0.364 6.726 

Fuhrman Grade G3/4 vs. G1/2 0.042 3.121 1.043 9.340 

9p status Deletion vs. no deletion 0.001 6.089 2.047 18.115 

SSIGN score 3 sub-categories <0.001 4.636 2.449 8.775 

CI: confidence interval; SSIGN score: Stage, Size, Grade and Necrosis  

4.4.3.1 RCC disease-specific survival in clinically localised small renal masses 

(<4cm) 

There were 19 patients with clinically localised small renal masses (SRMs) (cT1a) in this 

cohort (<4cm) with a mean size of 2.9cm (SD±0.66cm) with a median follow-up of 107 

months (IQR 42 – 128 months). Two out of the five patients (40%) with 9p-deleted SRMs 

died of advanced renal cancer. Those 2 SRMs were found to be invading the renal sinus and 

perinephric fat and were staged as pT3a. On the other hand, none of the patients with 

normal 9p status SRMs had a ccRCC-specific death (p=0.013; Figure 4.6). 
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Figure 4.6: Renal cancer disease-specific survival (DSS) in clinically localised small renal 

masses (<4cm) by chromosome 9p deletion status  

 

4.4.3.2 RCC disease-specific survival in locally advanced non-metastatic ccRCC 

(pT3N0M0) 

There were 19 patients with locally advanced non-metastatic ccRCC (pT3N0M0) with a 

median follow-up of 90 months (IQR 42–105 months). Eight out of 10 patients (80%) with 

9p-deleted tumours died from advanced renal cancer compared to one out of 9 (11%) with 

normal 9p status (p=0.009; Figure 4.7). In this subgroup of patients, 9p loss was the only 

significant variable in univariate analysis (Hazard Ratio = 10.071; p=0.026). 
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Figure 4.7: Renal cancer disease-specific survival (DSS) in non-metastatic locally 

advanced tumours (pT3N0M0) by 9p deletion status 

 

4.4.4 Multivariate analyses 

Two models were generated for each DSS and RFS; one included all the significant variables 

except SSIGN or Leibovich score and the other was fit with SSIGN score for DSS and 

Leibovich score for RFS and all the other significant variables not incorporated in those two 

algorithms. 

In multivariate analysis, 9p deletion was an independent prognostic factor in both models 

for DSS and RFS (Table 4.5). Patients with 9p-deleted tumours had 4.6 and four-fold higher 

risk of mortality from advanced renal cancer compared to the non-deleted ones in DSS 

Models 1 and 2, respectively. The inclusion of 9p status in Model 1 beside T-stage and state 

of metastasis improved the predictive accuracy expressed by concordance index C from 

0.858 to 0.911 (p=0.001). Adding 9p status to the SSIGN score in Model 2, increased the 



135 

 

 

predictive accuracy of the SSIGN score expressed by the c-index from 0.823 to 0.866 

(p=0.001).  

In Model 3 and 4, 9p deletion was an independent predictor of recurrence. 9p deleted 

tumours were four-fold at higher risk of recurrence or development of metastasis in both 

models for RFS. Adding 9p status to the Leibovich score improved its predictive accuracy of 

metastasis-free survival based on Concordance Index C from 0.734 to 0.818 (p=0.003). 

Table 4.5: Multivariate Cox Proportional Hazards analysis 

Model 1 for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

9p status Deletion vs. no deletion 0.007 4.603 1.527 13.873 

T-stage pT3/4 vs. pT1/2 0.002 8.329 2.181 31.803 

Metastasis N+M+ vs. N0M0 0.007 3.707 1.437 9.563 

 

Model 2 for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

9p status Deletion vs. no deletion 0.006 4.670 1.548 14.088 

SSIGN score 3 sub-categories <0.001 3.866 1.977 7.599 

  

Model 3 for recurrence-free survival (RFS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

T-stage pT3/4 vs. pT1/2 0.003 4.335 1.669 11.362 

9p status Deletion vs. no deletion 0.005 4.937 1.618 15.702 

 

Model 4 for recurrence-free survival (RFS) 

Variable Categories p-value  Hazard Ratio 95% CI 

Lower Upper 

9p status Deletion vs. no deletion 0.013 4.159 1.355 12.767 

Leibovich score 3 sub-categories 0.010 2.542 1.246 5.185 
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 9p deletion status using I-FISH in ccRCC and its prognostic impact 4.5

We performed analytic validation of FISH in the assessment of 9p deletion in ccRCC in a 

cohort of patients with the longest reported period of follow-up. The same probe reported 

in the previous studies was employed, and normal renal tissue was used as negative control 

to determine the threshold level for 9p deletion with a good level of inter-observer 

agreement. The use of a negative control to determine the cut-off threshold for deletion 

makes the scoring method more reliable, objective, and reproducible.  

In the present study, we used a minimum of six cores for the construction of TMA to provide 

a better representation of the excised lesions.  It is known that intratumour heterogeneity 

and complexity could be underestimated or missed as a result of sampling bias if a small 

number of biopsy cores are used [Martinez et al, 2013]. Also, there is a general realisation 

that biomarker research using TMA may not be sufficient to represent adequately whole 

tissue specimens [Eckel-Passow et al, 2010]. The detection rate of 9p deletion in the current 

study was 44% which is higher than the reported literature ranging between 14% and 18% in 

studies employing FISH on TMA [Brunelli et al, 2008, La Rochelle et al, 2010]. Although the 

higher detection rate of 9p deletion could be partly explained by the difference in the cut-

off threshold, in those two studies, tumours were represented by three cores compared to 6 

cores in the current study. Our findings suggest a trend towards higher detection rate of 9p 

deletion with increasing number of scored cores (Figure 4.1). Brunelli et al. showed an 80% 

concordance between the representative three cores and whole tissue section only in 9p 

deleted tumours. In the current study, we showed a 100% concordance between whole 

tissue sections from 10 tumours, deleted and non-deleted, with at least 4 out of 6 cores 

scored.  
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It is important to note that we also applied the scoring technique suggested by La Rochelle 

et al. [La Rochelle et al, 2010], using only the first three cores from each tumour on the 

TMA. The detection rate of 9p loss was 18% (15/80) which matches the one reported by La 

Rochelle and colleagues (14%). There was a significant difference in DSS at 10 years of 

follow-up between 9p-deleted and non-9p-deleted tumours in the same cohort of patients 

(20% vs. 70%, respectively, p<0.001) and 9p status based on La Rochelle cut-off threshold 

remained an independent prognostic variable in multivariate analysis for DSS with T-stage, 

state of metastasis and sarcomatoid features (Hazard Ratio 2.956; p=0.025).  

Although, homozygous deletion, hypermethylation of the promoter region, and intragenic 

mutation have all been reported as mechanisms of CDKN2A inactivation in cell lines 

[Herman et al, 1995], they all seem to be rare events in primary renal tumours [Cairns et al, 

1995, Sanz-Casla et al, 2003]. The rate of homozygous deletion in primary renal tumours 

ranged between 0 and 23% [de Oliveira et al, 2014, Kasahara et al, 2006, Kinoshita et al, 

1995, Sanz-Casla et al, 2003]. And most of the studies looking at 9p deletion in primary renal 

tumours, and not in cell lines, found LOH of 9p21 locus (CDKN2A) to be the most commonly 

reported CNV [Brunelli et al, 2008, Grady et al, 2001, La Rochelle et al, 2010, Presti et al, 

2002, Schullerus et al, 1997]. In the present study, Ninety-one percent (32/35) of 9p 

deletion observed was due to loss of one copy of the CDKN2A (either LOH or Monosomy). 

Only three tumours showed deletion of both copies (Homozygous deletion).  

It is well known that CNV correlates with gene expression (Knudson’s theory); the loss of 

one allele allows the inactivation of the gene if the remaining copy is mutated or it could 

result in lower expression of the tumour suppressor protein. Aberrations, leading to low 
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expression of p16INK4A and p14ARF, have been associated with aggressive ccRCC and poorer 

prognosis [Ikuerowo et al, 2007, Kawada et al, 2001b].   

The principal findings of the present study are that ccRCC with 9p loss is associated with 

higher stage and larger size tumours and is more likely to have adverse histopathological 

features (tumour necrosis, microvascular invasion, renal vein involvement).  A statistically 

non-significant trend was observed between 9p-deleted ccRCC tumours and higher Fuhrman 

grade. Our finding is in agreement with previous reports suggesting an association between 

9p deletion and ccRCC progression [Dagher et al, 2013, Klatte et al, 2009a, La Rochelle et al, 

2010].  

The prognostic impact of 9p deletion on ccRCC remains a controversial matter. Several 

studies assessed the impact of 9p status in ccRCC on survival, using different molecular and 

genetic techniques with median follow-up periods ranging between 31 and 73 months. Two 

studies showed that 9p deletion was not associated with poor prognosis [Antonelli et al, 

2010, Presti et al, 2002]. On the other hand, three studies concluded that 9p deletion was 

associated with worse prognosis on univariate analysis only [Moch et al, 1996, Sanjmyatav 

et al, 2011, Schraml et al, 2001]. A recent study [Gulati et al, 2014], using the cancer 

genome atlas (TCGA) database, assessed the impact of somatic copy number aberration, on 

ccRCC prognosis in a validation cohort of 350 patients analysed with SNP arrays. Segmental 

or total loss of chromosome 9p was only significant on univariate analysis for cancer-specific 

survival. This again contradicts the findings from the current study. However, the median 

follow-up was 51 months, shorter than the current study and the study did not report on 

methods of DNA extraction and which type of SNP array was employed. On the other hand, 

in 3 studies, 9p loss remained an independent predictor of outcome in ccRCC on 
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multivariate analysis. FISH was the main technique employed to assess 9p status in those 3 

studies with different scoring techniques and threshold levels for deletion [Brunelli et al, 

2008, de Oliveira et al, 2014, La Rochelle et al, 2010]. In this cohort of ccRCC, with the 

longest median follow-up of 95 months, survival analysis showed that patients with 9p-

deleted tumours had a higher risk of recurrence and cancer-specific mortality. On 

multivariate analysis, it appears that 9p deletion remains a poor prognosticator for both 

outcomes, confirming the findings from previous studies based on FISH.  

Several nomograms to predict the prognosis in RCC; relying on clinical and pathological 

parameters, have been developed and some have been externally validated. The integration 

of molecular or genetic biomarker; besides pathological and clinical parameters, has been 

attempted to improve the prognostication of some nomograms [Karakiewicz et al, 2007, 

Kim et al, 2005, Klatte et al, 2009a]. The addition of 9p status to prognostic models for 

ccRCC improved the predictive accuracy of DSS up to 89% [Klatte et al, 2009a, La Rochelle et 

al, 2010]. In the present study, SSIGN score and 9p status were independent predictors of 

the outcome in multivariate analysis for DSS, mirroring the findings by Brunelli and 

colleague. The study demonstrated that the integration of 9p status assessed by I-FISH to 

the well-established, externally validated, SSIGN score improved its predictive accuracy of 

DSS in this cohort by almost 5% (from 82.3% to 86.9%).  

The present study is limited by its retrospective nature. However, we made every effort to 

avoid bias. The use of pre-set scoring criteria, assessment of I-FISH score in a blinded 

manner by two independent observers, data collection using validated electronic linkage 

methodology by third party, characterization of tumours by single pathologist with special 

interest in renal cancer, the representation of tumour by 6 cores on the TMA, use of normal 
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tissue as a negative control to define threshold of 9p loss and systematic protocol-guided 

long-term follow-up exceeding others reported in the literature are strengths of our study.  

Lack of reporting of previous studies in a rigorous fashion, and published articles often 

showing insufficient information, have been highlighted by reporting recommendations for 

a tumour marker prognostic studies (REMARK guidelines) [McShane et al, 2006] panel 

following a consensus meeting between US National Cancer Institute and the European 

Organisation for Research and Treatment of Cancer (NCI-EORTC) experts. Those 

recommendations were carefully considered and reported in the present study. 

9p deletion detected by FISH in ccRCC, regardless of the cut-off threshold, retained its 

prognostic value. Therefore, we believe that the potential use of this predictive biomarker in 

ccRCC should be further explored after agreeing on scoring technique, the cut-off threshold 

for deletion, and the number of cores required; keeping in mind intratumour heterogeneity.  

We also suggest that a consensus statement is required to standardise FISH scoring for 

chromosomal deletion in renal tissue as this could have an effect on translational research 

in the field of renal cancer. 9p status could be used to predict the behaviour of clinically 

localised SRMs and help in stratifying patients who may need interventions or surveillance.  

The change in the size of SRMs on serial imaging is currently used as a surrogate marker of 

tumour progression in most of the centres across the world; however this may not be the 

best indicator of aggressiveness. Our findings of worse prognosis in clinically localised SRMs 

(<4 cm) corroborates with previous reports and suggests that 9p-deleted small renal masses 

could have different behaviour and hence be a reason for early intervention. Similarly, our 

observation of poor survival in 9p-deleted locally advanced non-metastatic (pT3N0M0) 
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ccRCC which was previously reported [Moch et al, 1996, Schraml et al, 2001] may be used to 

counsel patients for recruitment into adjuvant treatment for locally advanced tumours. This 

should ideally, be further assessed in prospective randomised controlled trials.  
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5 Chapter V: Microsatellites analysis of Loss of Heterozygosity (LOH) 

on chromosome 9p in clear cell Renal Cell Carcinoma 

 The frequency of allelic deletion on chromosome 9p in RCC  5.1

Out of 108 tumours which were represented on the TMA, 12 cases were not analysed by 

microsatellites for LOH as no matching normal tissue was found to extract DNA from to be 

used as a control. Therefore, in total, 96 cases were tested for LOH with 5 markers. 4 

markers are within the 9p21 region (D9S916, D9S974, D9S942, D9S1814), and 1 marker 

(D9S171) within 9p13 region (Figure 9). Seventy-seven (80%) tumours were clear cell 

subtype, 13 (13.5%) were papillary RCC, 5 (5.2%) were chromophobe RCC, and only one 

collecting duct RCC. 

The overall informative rate, regardless of RCC subtype, was 70% (67/96 cases) for D9S916, 

75% (72/96 cases) for D9S974, 80% (77/96 cases) for D9S942, 52% (50/96 cases) for 

D9S1814, and 68.8% (66/96 cases) for D9S171. (Table and Figure 5.1)The clear cell subtype 

is the focus of this study. Therefore, LOH in the 9p13-21 region was analysed in relation to 

adverse histopathological factors and survival only in this subtype. The number of cases in 

the other non-clear cell subtypes was very small to allow any meaningful analysis. However, 

we included all the subtypes for the concordance analysis with I-FISH. 
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Table 5.1: Summary of microsatellite analysis 

 

Case N D9S916 D9S974 D9S942 D9S1814 D9S171 

T1 О О О Ө  О 

T2 О ● Ө  Ө  О 

T3 О Ө  О Ө  О 

T5 ● ● ● ● ● 

T6 О О О О О 

T8 О О О О О 

T9 О О О О О 

T10 О О О О О 

T11 О О О О Ө  

T12 Ө  О О Ө  Ө  

T13 Ө  ● ● О Ө  

T14 О О О О О 

T18 О О О F Ө  

T19 Ө  О О F О 

T24 О F О О О 

Figure 5.1: Map of 

microsatellites on 

chromosome 9p21 in 

relation to The LSI 

CDKN2A Spectrum 

Orange FISH Probe 



144 

 

 

T26 О О О О О 

T27 Ө  Ө  О Ө  Ө  

T28 О ● О О Ө  

T29 О Ө  О О О 

T31 О О О О О 

T33 О О О О О 

T34 Ө  О О Ө  О 

T35 Ө  О О О Ө  

T37 F О О F О 

T39 Ө  О Ө  О О 

T40 Ө  О О О Ө  

T41 О Ө  Ө  F О 

T42 ● О О О О 

T44 ● ● Ө  Ө  Ө  

T45 О О Ө  О О 

T46 Ө  Ө  Ө  Ө  Ө  

T47 Ө  Ө  О Ө  Ө  

T48 О Ө  О Ө  Ө  

T49 О О О Ө  О 

T50 Ө  О О Ө  О 

T51 О О О Ө  О 

T52 ● ● ● Ө  ● 

T53 ● ● ● Ө  ● 

T54 О О Ө  О О 

T55 Ө  О О О О 

T56 ● ● Ө  О Ө  

T57 F F F О О 

T58 ● О О О ● 

T59 О Ө  Ө  О О 

T60 Ө  О О О О 

T63 ● О О F ● 

T64 О О О О О 

T66 О О О О Ө  

T68 О О О О Ө  

T69 Ө  Ө  О О О 

T71 Ө  О О О О 

T72 О F О Ө  ● 
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T73 Ө  Ө  О О О 

T76 Ө  Ө  Ө  Ө  Ө  

T78 О Ө  ● Ө  ● 

T79 О О О Ө  О 

T80 ● ● ● ● ● 

T82 О О О Ө  О 

T83 О О О Ө  ● 

T84 О О О О О 

T86 О О О Ө  О 

T87 Ө  О О О ● 

T88 О О О Ө  О 

T90 О О F F Ө  

T91 О Ө  Ө  О Ө  

T92 О О О F О 

T93 ● Ө  Ө  F О 

T94 ● Ө  ● Ө  ● 

T95 Ө  О О О О 

T96 Ө  О ● Ө  Ө  

T99 Ө  О О Ө  О 

T100 О F О Ө  О 

T101 О О О Ө  О 

T102 О ● ● ● О 

T106 Ө  О О Ө  О 

T107 О О О Ө  О 

T108 Ө  О Ө  Ө  Ө  

О=Normal; ●=LOH; Ө=Non-informative; F=failed
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 LOH on 9p in ccRCC 5.2

Seventy-five out of 77 ccRCC tumour/normal pairs were interpretable for LOH analysis on 

chromosome 9p (two were excluded as all five primers were uninformative) with an average 

tumour size of 6.3 cm. The mean age in this cohort was 62.5 years old. The median follow-

up was 91.8 months (mean 85 months).  

Twenty out of 75 (26.6%) tumours showed LOH at least in one of the five primers employed. 

Most allelic deletions were detected, telomeric to CDKN2A region at D9S916, with 11 out of 

52 informative tumours (21%) displaying LOH. For the two microsatellites within CDKN2A 

coding region, ten out of 58 informative cases (17%) and 9 out of 62 informative cases 

(14.5%) displayed LOH at D9S974 and D9S942 respectively. In contrast, centromeric to 

CDKN2A coding region, D9S1814 showed LOH in 3 out of 38 cases (7.8%), which was the 

lowest rate of LOH as well as informative cases out of the 5 primers.  D9S171 (9p13) showed 

allelic deletion in 11 out of 57 informative tumours (19%).  
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Table 5.2: Summary of clinicopathological data based on LOH at 9p  

Variables Number of cases (n) Percentage (%) 

Age at diagnosis Year  62.4 Range: 38 – 84 yrs 

 

Gender  Male 45 60% 

Female 30 40% 

 

Tumour size (cm)  Mean (SD) 6.3 Range: 1.5 – 14 cm 

 

TNM staging (2009) 

Pathological T stage pT1a 18 24% 

pT1b 19 25% 

pT2a/b 15 20% 

pT3a 21 28% 

pT4 2 2.6% 

 

NM N0M0 67 89% 

N+M+ 8 11% 

 

Fuhrman Grade Low grade (1/2) 27 36% 

High grade (3/4) 48 64% 

 

Tumour necrosis Absent 53 71% 

Present 22 29% 

 

Sarcomatoid change Absent 69 92% 

Present 6 8% 

 

Microvascular invasion Absent 56 75% 

Present 19 25% 

 

Renal vein invasion Absent 64 85% 

Present 11 15% 

 

Renal sinus invasion Absent 62 83% 

Present 13 17% 
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Figure 5.2: Microsatellite analysis is showing allelic deletion in tumour 9, 81 and 103 
involving more than one marker   
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  LOH at 9p21 region and correlation with pathological parameters in 5.3

ccRCC 

LOH at D9S916 was statistically associated with higher pT-stage (p=0.005), sarcomatoid 

changes (p=0.026), and renal sinus invasion (p=0.014) with only an observed trend for 

metastasis (p=0.10). 

Moreover, LOH within the coding region of CDKN2A, at D9S974 and D9S942, was highly 

statistically associated with higher pT-stage (p=0.004 and p=0.003 respectively) and 

metastasis (p=0.006, both markers). LOH within D9S974 and D9S942 was also statistically 

associated with renal sinus invasion (p=0.015 and p=0.006 respectively).  

Although, almost half the cases were uninformative at D9S1814, LOH at this locus was 

associated only with higher pT-stage (p=0.028). A trend was also observed with renal sinus 

invasion (p=0.059) 

On the other hand, LOH at the only marker within 9p13 (D9S171) showed a correlation with 

renal sinus invasion only (p=0.027). There was also a trend noted with pT-stage (p=0.083). 

(Table 14) 

In summary, there were 17 out of 75 (22.7%) informative ccRCC tumours with LOH at least 

in one out of the four microsatellites located on 9p21. LOH at 9p21 was statistically 

associated with higher pT-stage (p=0.012) and renal sinus invasion (p=0.005) with an 

observed trend with metastasis (p=0.07). 
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Table 5.3: Allelic loss vs. adverse pathological parameters 

  D9S916 D9S974 D9S942 D9S1814 D9S171 

Variables  Normal LOH p= Normal LOH p= Normal LOH p= Normal LOH p= Normal LOH p= 

 

Tumour size Mean 5.3 4.6 0.93 4.8 6.4 0.76 4.8 6.4 0.17 4.8 6.4 0.77 5.1 5.3 0.66 

 SD (±3.2) (±2.1)  (±2.9) (±3.4)  (±2.9) (±3.4)  (±2.9) (±3.4)  (±3.2) (±2)  

 

T stage pT1 20 4 0.005 28 2 0.004 29 2 0.003 19 0 0.028 22 5 0.42 

pT2 12 0 7 1 11 0 8 0 12 0 

pT3 9 5 13 5 13 6 7 3 12 5 

pT4 0 2 0 2 0 1 1 0 0 1 

 

pT1/2 32 4 0.02 35 3 0.02 40 2 0.004 27 0 0.02 34 5 0.084 

pT3/4 9 7 13 7 13 7 8 3 12 6 

 

Metastasis N0M0 38 8 0.10 46 6 0.006 50 5 0.006 33 2 0.224 42 8 0.12 

N+M+ 3 3 2 4 3 4 2 1 4 3 

 

Fuhrman 
Grade  

G1/G2 16 4 1 18 2 0.47 20 2 0.47 14 1 1 18 3 0.73 

G3/G4 25 7 30 8 33 7 21 2 28 8 

 

Tumour 
necrosis 

Present 10 3 1 14 3 1 16 1 0.42 10 0 0.55 14 3 1 

Absent 31 8 34 7 37 8 25 3 32 8 

 

Sarcomatoid 
change 

Present 1 3 0.026 2 2 0.13 4 1 0.56 4 1 0.35 3 2 0.24 

Absent 40 8 46 8 49 8 31 2 43 9 
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Microvascular 
invasion 

Present 10 2 1 11 3 0.69 13 3 0.68 9 1 1 12 3 1 

Absent 31 9 37 7 40 6 26 2 34 8 

 

Renal Vein 
invasion  

Present 6 2 1 8 2 1 8 2 0.63 3 1 0.29 7 2 1 

Absent 35 9 40 8 45 7 32 2 39 9 

 

Renal sinus 
invasion 

Present 4 5 0.014 6 5 0.015 6 5 0.006 4 2 0.059 65 5 0.027 

Absent 37 6 42 5 47 4  31 1 40 6 

 

SSIGN score 
 

0-3 20 5 0.44 26 3 0.26 27 3 0.38 19 1 0.53 22 4 0.76 

4-7 16 3 16 4 18 3 12 1 15 4 

8-13 5 3 6 3 8 3 4 1 9 3 

 

Leibovich 
score 

0-2 16 2 0.54 19 1 0.38 20 1 0.24 14 0 0.13 15 3 0.77 

3-5 13 3 17 4 16 4 10 2 15 2 

6-11 8 3 10 2 14 1 9 0 11 3 
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 Survival analysis with LOH on 9p21 in ccRCC 5.4

5.4.1 RCC disease-specific survival (DSS) based on LOH at 9p 

Thirty-two patients (42.6%) died during follow-up. Fifteen (20%) died from advanced renal 

cancer with a mean survival of 42 months (Range 1 – 114 months). Seventeen patients died 

from other causes unrelated to renal cancer including: other advanced malignancies (n=8), 

sepsis (n=5), autoimmune hepatitis (n=1), post-ERCP pancreatitis (n=1), ischaemic heart 

disease (n=1) and only one patient died in the immediate postoperative period on day 8 

from a myocardial infarction. 

Six out of seventeen patients with LOH at one or more markers at 9p21 died from advanced 

renal cancer compared to 9 out of 58 with no allelic deletion in any of the markers. The 

median survival in patients with allelic deletion at one or more markers of 9p21 was 54 

months compared to 104.5 months for patients with tumours not displaying LOH at 9p21 

(Log Rank: p=0.019). (Figure 5.6)  

On univariate analysis (Table 5.4), cases showing LOH in one marker or more on 9p21 were 

significantly associated with higher risk of RCC disease-specific death compared to cases 

with no allelic deletion (p=0.027; HR=3.245). This was mostly observed with LOH in the 3 

markers within this region with the highest number of informative cases: D9S916 (p=0.001), 

D9S974 (p<0.001) and D9S942 (p=0.008) respectively (Table 5.4). Despite the low number of 

informative cases, LOH at D9S1814 was associated with worse DSS (p=0.023). LOH at 

D9S1814 was always associated with LOH at other markers on 9p21. Also, LOH at D9S171 

(9p13) showed a trend towards worse prognosis but did not reach statistical significance 

(p=0.064). 
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Table 5.4: Univariate Cox proportional hazard analysis for RCC disease-specific survival 
(DSS) 

Univariate analysis for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

Age Scale 0.074 1.036 0.997 1.076 

Gender M vs. F 0.758 0.867 0.035 2.149 

Tumour size Scale <0.001 1.319 1.170 1.488 

T-stage pT3/4 vs. pT1/2 <0.001 14.276 4.457 53.405 

Metastasis N+M+ vs. N0M0 <0.001 11.905 4.881 29.037 

Necrosis Present vs. absent 0.009 3.235 1.338 7.821 

Pelvicalyceal invasion Present vs. absent 0.015 3.281 1.255 8.574 

Microvascular invasion Present vs. absent <0.001 5.397 2.148 13.560 

Sarcomatoid features Present vs. absent 0.548 1.565 0.364 6.726 

Fuhrman Grade G3/4 vs. G1/2 0.042 3.121 1.043 9.340 

D9S916 LOH vs. normal 0.001 7.349 2.190 24.657 

D9S974 LOH vs. normal <0.001 10.916 3.010 39.591 

D9S942 LOH vs. normal 0.008 5.567 1.558 19.888 

D9S1814 LOH vs. normal 0.023 6.931 1.312 36.605 

D9S171 LOH vs. normal 0.064 3.124 0.934 10.443 

CDKN2A LOH vs. normal 0.005 5.374 1.644 17.564 

9p21* LOH vs. normal 0.027 3.245 1.144 9.208 

SSIGN score 3 sub-categories <0.001 4.636 2.449 8.775 

*LOH at 9p21 = Allelic deletion at ≥ 1 marker on 9p21 region.  
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Figure 5.3 Renal cancer disease-specific survival (DSS) based on LOH at D9S916  

 

Figure 5.4 Renal cancer disease-specific survival (DSS) based on LOH at D9S974  
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Figure 5.5 Renal cancer disease-specific survival (DSS) based on LOH at D9S942 

 

Figure 5.6: Renal cancer disease-specific survival (DSS) based on allelic deletion at ≥1 
marker on 9p21 region 
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Table 5.5: Multivariate Cox proportional hazard analysis for RCC disease-specific survival 
(DSS) 

Model 1 for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

D9S974 LOH vs. normal 0.027 6.895 1.246 38.160 

T-stage pT3/4 vs. pT1/2 0.014 16.535 1.751 156.106 

Necrosis Present vs. absent 0.046 5.986 1.035 34.614 

Metastasis N+M+ vs. N0M0 0.046 7.377 1.032 52.738 

 

Model 2 for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

D9S916 LOH vs. normal 0.001 10.288 2.746 38.549 

SSIGN score 3 sub-categories 0.001 4.956 2.004 12.254 

Model 3 for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

D9S974 LOH vs. normal 0.001 9.131 2.449 34.046 

SSIGN score 3 sub-categories 0.007 3.941 1.455 10.673 

Model 4 for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

D9S942 LOH vs. normal 0.004 7.466 1.904 29.282 

SSIGN score 3 sub-categories 0.001 4.234 1.805 9.932 

Model 5 for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

9p21 LOH vs. normal 0.004 6.498 1.834 23.031 

SSIGN score 3 sub-categories <0.001 5.899 2.233 15.583 

After using Cox proportional hazard model with backwards likelihood ratio and rank of 

elimination to exclude insignificant variables, only LOH at D9S974 remained an independent 

factor (p=0.027; HR=6.895) when entered in a multivariate analysis model including pT-

stage, absence or presence of metastasis and tumour necrosis (Table 5.5; Model 1). 

Interestingly, adding LOH at D9S974 to model 1 did not improve its predictive accuracy 

expressed by concordance index C (0.914; p=0.2). 
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LOH of 3 markers on 9p21 retained their significance separately with SSIGN score in Cox 

proportional hazard models. The two most significant variables in a multivariate model 

including SSIGN score were LOH at the two most telomeric markers on 9p21; D9S916 and 

D9S974 (p=0.001) (Table 5.5). 

Only the integration of LOH at D9S916 to SSIGN score in one model (Table 5.5; Model 3) 

improved its predictive accuracy for DSS  based on concordance index C from 0.823 to 0.857 

(p=0.006).  

Also, LOH at one marker or more in the 9p21 region, in general, was an independent factor 

(p=0.004; HR=6.498) in a multivariate model including SSIGN score (Table 5.5; Model 5).  

5.4.2 RCC recurrence-free survival (RFS) based on LOH at 9p 

Out of 68 patients with localised ccRCC at diagnosis, fifteen patients (22%) developed 

recurrence with a median time to recurrence of 35 months (Range 1 – 114 months). One 

patient had a positive regional node on histopathology and his early follow-up scan at three 

months showed metastatic lung disease. Allelic deletion at one or more marker on 9p21 

showed a trend towards higher risk of recurrence compared to tumours with no deletion 

(Log-Rank: p = 0.068) but did not reach statistical significance. 

LOH in two markers within the CDKN2A coding region showed association with RCC 

recurrence (D9S974 and D9S942) on univariate Cox proportional hazard analysis (Table 5.6). 
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Table 5.6: Univariate Cox proportional hazard analysis for RCC recurrence-free survival 
(RFS) 

Univariate analysis for recurrence-free survival (RFS) 

Variable Categories p-value Hazard 
Ratio 

95% CI 

Lower Upper 

Age Scale 0.007 1.061 1.016 1.081 

Gender Male vs. Female 0.789 0.875 0.328 2.334 

Tumour size Scale 0.063 1.148 0.992 1.327 

pT-stage pT3/4 vs. pT1/2 0.001 4.845 1.856 12.651 

Necrosis Present vs. absent 0.119 2.088 0.827 5.271 

Pelvi-calyceal 
invasion 

Present vs. absent 0.132 2.373 0.771 7.302 

Microvascular 
invasion 

Present vs. absent 0.007 3.572 1.407 9.066 

Sarcomatoid features Present vs. absent 0.272 2.293 0.522 10.069 

Fuhrman Grade G3/4 vs. G1/2 0.190 1.996 0.710 5.615 

D9S916 LOH vs. normal 0.054 4.163 0.978 17.732 

D9S974 LOH vs. normal 0.018 5.004 1.324 18.913 

D9S942 LOH vs. normal 0.046 3.975 1.027 15.387 

D9S1814 LOH vs. normal 0.335 2.845 0.340 23.813 

D9S171 LOH vs. normal 0.716 0.682 0.086 5.387 

CDKN2A LOH vs. normal 0.023 4.040 1.213 13.460 

9p21 LOH vs. normal 0.075 2.784 0.903 8.588 

Leibovich score 3 sub-categories 0.003 2.898 1.453 5.780 
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Figure 5.7: Renal cancer recurrence-free survival based on LOH within CDKN2A region 

 

Table 5.7: Multivariate Cox proportional hazard model for recurrence-free survival (RFS) 

RCC recurrence-free survival (RFS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

CDKN2A LOH vs. normal 0.014 4.711 1.361 16.299 

Leibovich score 3 sub-categories 0.046 2.337 1.014 5.388 

LOH at one or both markers in the CDKN2A coding region (D9S974 and D9S942) was 

associated with almost fivefold higher risk of recurrence in multivariate analysis model 

including Leibovich score (Table 5.7).  
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 Concordance between LOH on microsatellites and fluorescence in-situ 5.5

hybridization 

All 96 cases analysed with paired tumour and normal tissue available, and underwent 

microsatellites analysis, regardless of the RCC subtype, were included in the concordance 

analysis for 9p loss with Fluorescence in-situ hybridization.  

Out of 68 cases with informative markers within the coding region of CDKN2A (D9S974 and 

D9S942), LOH was observed in 17 tumours (25.7%), with 7 tumours showing LOH at both 

microsatellites and 10 tumours showing LOH at one of the two markers.  

Sixty-three out of the 68 informative cases had a valid I-FISH scoring available to compare 

the detection rate LOH at CDKN2A with microsatellite analysis. Four tumours were excluded 

from concordance analysis as they were marked as a homozygous loss by I-FISH. 

In total, fifty-nine tumours were available for concordance analysis between microsatellites 

and I-FISH. 

Both techniques agreed on 30 tumours showing no LOH or copy number loss at CDKN2A. 

Also, LOH within CDKN2A region was detected and agreed upon by both techniques in 6 

tumours. This made the concordance rate between microsatellites and I-FISH 36/59x100 = 

61%. 

On the other hand, microsatellites analysis showed LOH at CDKN2A in 9 tumours that did 

not show copy number loss on FISH. This finding could be explained by the common 

phenomenon of copy number neutral LOH (CNNLOH). The rate of CNNLOH at CDKN2A 
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coding region detected was 60% (9/15). It is noteworthy to mention that upon review of the 

I-FISH analysis by both observers, it was highlighted that 9p deletion status was disagreed 

upon by both observers in one of the 9 tumours, with one observer scoring it as monosomy 

of chromosome 9. 

Moreover, 14 tumours showing 9p loss using I-FISH with an average pooled percentage of 

abnormal nuclei of 49% (range: 39 – 60 %) did not show allelic loss on microsatellites 

analysis. The array-based (Oncoscan™) analysis of one of these cases confirmed interstitial 

deletion only at 9p21 region involving CDKN2A/B, which confirmed the I-FISH findings 

(Figure 5.8). As a result, the sensitivity of microsatellites analysis to detect copy number loss 

LOH in reference to FISH was poor (30%; 6/20).   

Figure 5.8: Chromosome 9 showing interstitial copy number loss on 9p21 involving 
CDKN2A/B genes (marked red on ideogram) 

 

 



163 

 

 

Table 5.8:  

Concordance 

Analysis 

I-FISH 

No Deletion Monosomy/ LOH Total 

LOH No 30 14 44 

Yes 9 6 15 

Total 39 20 59 

 

 Combined copy number loss and loss of heterozygosity on 5.6

chromosome 9p and its impact on prognosis 

The data of copy number loss using FISH and those from microsatellite analysis on LOH in 

CDKN2A region were combined to assess the impact of both aberrations on the outcomes of 

ccRCC. In cases with no LOH on microsatellites and no deletion on FISH, with the other 

technique being uninformative, were excluded (n=15).  

Seventy-four tumours fell into the following four categories:  

a. Tumours with deletion without LOH (n=29) 

b. Tumours with deletion and LOH (n=6)  

c. Tumours with copy number neutral LOH (n=7)  

d. Tumours with normal copy number and no LOH (n=32) 

Ten tumours out of 74 (13.5%) were metastatic at diagnosis and were subsequently 

excluded from survival analysis for recurrence-free survival. 
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As expected, tumours in the first three groups combined were at a higher risk of recurrence 

and cancer-specific death compared to tumours in group D (Log-rank: p = 0.002 and p < 

0.001 respectively). On univariate analysis, cases with LOH or copy number loss at CDKN2A 

showed a higher hazard ratio compared to that of each aberration independently for both 

RFS and DSS (Table 5.9). 

Table 5.9: Univariate Cox proportional hazard model 

Univariate analysis for disease-specific survival (DSS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

LOH at CDKN2A  
LOH vs. normal 0.005 5.374 1.644 17.564 

Somatic deletion at 
CDKN2A 

Deletion vs. no deletion 0.001 6.089 2.047 18.115 

Combined deletion 
or LOH at CDKN2A 

Deletion or LOH vs. normal 0.005 8.099 1.875 34.987 

 

Univariate analysis for recurrence-free survival (RFS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

LOH at CDKN2A  
LOH vs. normal 0.023 4.040 1.213 13.460 

Somatic deletion at 
CDKN2A 

Deletion vs. no deletion 0.003 5.365 1.763 16.327 

Combined deletion 
or LOH at CDKN2A 

Deletion or LOH vs. normal 0.008 7.386 1.670 32.674 

 

On multivariate analysis for DSS, combined LOH and copy number loss at 9p retained its 

independent prognostic effect with pathological T stage and state of metastasis in model 1 

(Table 5.10). It also remained as an independent prognostic factor with SSIGN score in 

model 2, improving its predictive accuracy expressed by Concordance Index C from 0.823 to 

0.878 (p=0.001). 
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On the other hand, multivariate analysis for RFS showed that combination of copy number 

loss and LOH at CDKN2A is an independent prognostic factor for recurrence in ccRCC in 

addition to the pT stage in model 3. The integration of the combination of copy number loss 

and LOH at CDKN2A to Leibovich score enhanced its predictive accuracy expressed by 

Concordance Index C from 0.734 to 0.84 (p=0.008). 

Table 5.10: Multivariate Cox proportional hazard model analysis for RFS and DSS 

Model 1 for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard 

Ratio 

95% CI 

Lower Upper 

Combined deletion and LOH 

at CDKN2A  

Deletion or LOH vs. 

normal 
0.045 4.568 1.031 20.238 

T-stage pT3/4 vs. pT1/2 0.006 6.724 1.710 26.435 

Metastasis N+M+ vs. N0M0 0.003 4.532 1.678 12.241 

 

Model 2 for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard 

Ratio 

95% CI 

Lower Upper 

Combined deletion and LOH 

at CDKN2A  

Deletion or LOH vs. 

normal 
0.011 6.738 1.551 29.263 

SSIGN score 3 sub-categories <0.001 4.344 2.153 8.767 

 

Model 3 for recurrence-free survival (RFS) 

Variable Categories p-value Hazard 

Ratio 

95% CI 

Lower Upper 

T-stage pT3/4 vs. pT1/2 0.007 4.188 1.491 11.761 

Combined deletion and LOH 

at CDKN2A  

Deletion or LOH vs. 

normal 
0.023 5.701 1.265 25.701 

 

Model 4 for recurrence-free survival (RFS) 

Variable Categories 
p-value 

Hazard 

Ratio 

95% CI 

Lower Upper 

Combined deletion and LOH 

at CDKN2A  

Deletion or LOH vs. 

normal 
0.019 5.968 1.347 26.435 

Leibovich score 3 sub-categories 0.006 3.061 1.387 6.758 
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 Discussion 5.7

The experiment confirms the previous findings. Loss of heterozygosity on chromosome 9p in 

clear cell RCC is associated with adverse histopathological features and worse prognosis. 

The detection rate of allelic deletion on chromosome 9p in ccRCC by microsatellites in the 

current study (22.7%) is in line with those reported in the literature from studies using 

microsatellites [Presti et al, 2002, Schraml et al, 2001, Schullerus et al, 1997] and more 

contemporary studies relying on SNP arrays [Sato et al, 2013, Toma et al, 2008].  

LOH within the coding region of CDKN2A was associated with higher tumour grade and a 

higher risk of metastasis at diagnosis. The frequency of LOH on all 4 markers on 9p21 

(D9S916, D9S974, D9S942 and D9S1814) was directly linked to a higher pathological stage, 

indicating a higher frequency of LOH is associated with a more aggressive renal cell cancer.  

LOH on 9p21, especially the markers with the region of CDKN2A in addition to D9S916, were 

all independent prognostic factors in multivariate analysis models when integrated 

separately for DSS. Only LOH of any marker on 9p21 and independent LOH on D9S916 

(MTAP locus) improved the predictive accuracy of SSIGN score for DSS in this cohort from 

82% to 83.9% and 85.7% respectively.   

In the group of clinically localised ccRCC, LOH at CDKN2A region was associated with higher 

risk of recurrence or development of metastatic disease in univariate analysis (p=0.023; HR 

4.04). It remained an independent prognostic factor in multivariate analysis model including 

Leibovich score (p=0.014; HR=4.7).  
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These findings confirm again that loss of heterozygosity involving chromosome 9p21 in 

particular LOH at the coding region of CDKN2A portends a worse prognosis in ccRCC in long 

term follow up and also validate the findings from I-FISH-based analysis of 9p deletion.  

Previous studies have suggested that LOH on chromosome 9p is associated with adverse 

histological features and risk of progression of renal cancer [Kinoshita et al, 1995, Li et al, 

2011, Schullerus et al, 1997]. Kinoshita et al were the first to propose that LOH in the region 

of 9p21 was associated with progression of RCC and metastasis [Kinoshita et al, 1995], but 

the study lacked long-term follow-up.  From our literature search, although several studies 

reported on allelic deletion on chromosome 9p in renal cancer, only a few studies correlated 

between allelic deletion of 9p and survival with sufficient follow-up period [Li et al, 2011, 

Presti et al, 2002, Schraml et al, 2001]. Some of the studies relied on only one or 2 

microsatellites telomeric to 9p21 to assess allelic deletion of 9p which could have missed 

more centromeric LOH involving regions harbouring several tumour suppressor genes 

involved in cell cycle regulation. Allelic deletion of 9p was assessed by 5 markers covering 

9p21 region being the region of interest that harbours CDKN2A/B genes, and to validate I-

FISH results which relied on a dual-colour probe with a locus-specific identifier on CDKN2A. 

 Also, the follow-up period in the previous studies ranged between 31 and 48 months 

(median) compared to 91 months median follow-up in this study. The extended follow-up 

period of this cohort allowed assessment of the impact of LOH on 9p21, especially the 

coding region of CDKN2A on survival. The prognostic impact of LOH on 9p was determined 

by integrating it within multivariate models including the most significant variables and 

externally validated prognostic models for cancer-specific survival and metastasis-free 

survival.  
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Microsatellites analysis has the advantage of detecting loss of heterozygosity in the absence 

of copy number variation (deletion) which is also known as copy number neutral LOH 

(CNNLOH). Studies on several cancers have shown that copy number neutral LOH is a 

common phenomenon. But its correlation with gene expression remains poorly understood 

and could still be considered as a mechanism of gene inactivation especially if the wild type 

allele is lost and the non-functioning one is duplicated to maintain a copy neutral status [Hu 

et al, 2010]. 

The incidence of copy number neutral LOH has been studied in details in oesophageal 

cancer, and it appeared to play a role in carcinogenesis and was associated with a change in 

gene expression levels, either by up-regulation or down- regulation. However, the authors 

concluded that the mechanism remains poorly understood [Hu et al, 2010]. The authors 

suggested that CNNLOH was more common than LOH with copy number alteration in 

oesophageal cancer and represented 70% of all allelic deletion detected by single nucleotide 

polymorphism array (SNP array). Saeki et al reported copy neutral LOH of the p53 locus in 

p53 mutant oesophageal cancer and suggested that this could be a major mechanism for 

inactivation of the intact allele in oesophageal squamous cell carcinogenesis associated with 

a mutation at p53. The authors suggested five scenarios that could result in LOH on p53, 

three of them are copy neutral (Figure 5.9) [Saeki et al, 2011].  

In this study, we aimed to validate LOH detected by I-FISH by means of microsatellites 

analysis. However, we noted allelic deletion or copy number neutral LOH in 9 tumours that 

were not considered 9p deleted on I-FISH.  
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Figure 5.9: a model suggested by Saeki et al [Saeki et al, 2011] showing five different 
mechanisms for LOH. Chromosomal deletion with duplication, mitotic recombination and 
mitotic gene conversion are all possible mechanisms of copy neutral LOH. 

On the other hand, copy number loss on chromosome 9p was detected by I-FISH and was 

not possible to pick up by microsatellites. Care and effort have been made to ensure 

minimum contamination of tumour samples during macro-dissection as viable tumour areas 

were marked by a specialist pathologist on tumour blocks. However, intratumour 

heterogeneity could have resulted in contaminated DNA extraction, predominantly from a 

subclone with no copy number loss or a high percentage of homozygous loss or DNA sample 

contamination with normal renal tissue. The lack of sensitivity of microsatellites analysis in 

reference to FISH to detect copy number loss LOH comes down predominantly to the 

superiority of FISH to cut through tumour complexity at a cellular level, allowing the 

observer to score regions of tumour in more than one core that have the a high 

concentration of cells with copy number loss. This advantage is clearly lost in microsatellites 
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analysis as it relies on DNA extracted from a macro-dissected tumour region, resulting in 

dilution of abnormality by a mixture of normal cells and tumour cells without copy number 

loss of chromosome 9p. It has been shown that if the proportion of tumour cells in a sample 

diminishes to 50% or less, the ability to detect the LOH reduces [Yamamoto et al, 2007]. 

Moreover, the discordance could have been the result of sampling bias; I-FISH results were 

based on the scoring of 6 different cores compared to three 8-10 ɥm curls were used for 

DNA extraction. It has been certainly proven that the increase in the number of sampled 

tumour regions improves the detection and identification of more subclones [Gerlinger et 

al, 2014]. This could have been potentially prevented by laser microdissection of tumour 

tissue before DNA extraction to avoid contamination with normal renal tissue or necrotic 

tumour tissue.  

The addition of copy number status and also state of allelic deletion by LOH analysis at 

CDKN2A coding region on chromosome 9p to SSIGN score and Leibovich score has explicitly 

enhanced their predictive accuracy for cancer-specific death and development of metastasis 

respectively, in comparison to the addition of each of those factors separately as shown in 

chapters 4 and 5 survival analysis. Therefore, the assessment of copy number loss with I-

FISH and LOH using microsatellites complement each other in the detection of copy number 

aberrations and provide better prognostication data. 
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6 Chapter VI: Immunohistochemistry analysis of P14, P15, P16, 

ADFP and CAIX expression in Renal Cell Carcinoma 

 Cohort  6.1

Out of 108 tumours represented on the TMA slides, 89 were ccRCCs, five chromophobe RCC, 

13 papillary RCCs and only one collecting duct carcinoma. The mean follow-up of the whole 

cohort was 83.5 months (median 99 months; IQR 44.5 – 116.5 months). All tumours were 

scored for all five markers when possible. 

The 89 cases with ccRCCs were studied closely to assess the level of expression of the 

different proteins encoded by genes on chromosome 9p. Eighty-two tumours had 

representative cores and were suitable for immunohistochemistry scoring for p14 and p16. 

On the other hand, only 80 tumours were suitable for p15 scoring.  

 Comparison of different protein expression in RCC subtypes and 6.2

normal renal parenchyma 

The level of expression of different proteins was compared between ccRCC and control 

normal renal tissue (20 samples). The level of cytoplasmic and cell membrane expression of 

p14, p15 and p16 in ccRCC were statistically significantly lower compared to their levels of 

expression in normal renal tissue. Meanwhile, there was no difference between ADFP and 

CAIX expression between ccRCC and normal renal tissue (Table 6.3). 

Clear cell RCC tumours showed strong association with lower nuclear expression of p14 and 

p16 compared to normal renal tissue (Pearson Chi-square: p<0.001 for both markers), (Table 

6.1). On the other hand, p15 nuclear expression was poor in all RCC subtypes and normal 
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renal tissue. Only four out pf 80 ccRCC tumours showed p15 expression in >10% of nuclei 

while the rest showed poor nuclear expression with no nuclear immunostaining in the 

majority of all RCCs as well as normal renal tissue.   

The level of cytoplasmic and cell membrane immunostaining for p14, p15 and p16 in ccRCC 

was statistically significantly lower compared to the level of expression in non-ccRCC 

tumours (papillary, chromophobe and collecting duct carcinoma; n=19). On the other hand, 

the level of expression on CAIX and ADFP were higher in ccRCC compared to non-ccRCC 

subtypes (Figures 6.4 and 6.5). This reached statistical significance only for CAIX and a trend 

was observed for ADFP expression (p=0.015, p=0.066 respectively; Mann-Whitney U test) 

There was no difference in the level of nuclear expression of p14, p15 and p16 in the variant 

subtypes of RCC. 

Table 6.1: Percentage of positive nuclear immunostaining in ccRCC vs normal renal tissue 

Marker Percentage of 
positive nuclear 

staining 

Clear cell RCC Normal renal 
tissue 

Pearson Chi-
square (p = ) 

P14 <10%  70 1 <0.001 

11-50% 8 6 

>50% 4 13 

 

P15 <10% 76 20 0.307 

11-50% 4 0 

>50% 0 0 

 

P16 <10% 72 6 <0.001 

11-50% 9 10 

>50% 1 4 
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Table 6.2: Mean level of cytoplasmic and cell membrane expression of different markers 

in RCC subtypes and normal renal tissue 

Marker by intensity 

of immunostaining 

Mean cytoplasmic 

expression in normal 

renal tissue (SD) 

Mean cytoplasmic 

expression in ccRCC 

tumours (SD) 

Mean cytoplasmic 

expression in non-

ccRCC tumours (SD) 

P14 2.714 (0.42) 1.336 (0.56) 1.917 (0.73) 

P15 1.631 (0.36) 0.970 (0.58) 1.667 (0.61) 

P16 1.809 (0.31) 1.441 (0.62) 1.815 (0.34) 

CAIX 1.392 (0.46) 1.530 (0.72) 1.076 (0.70) 

ADFP 2.279 (0.43) 2.047 (0.74) 1.633 (0.87) 

 

Table 6.3: Intensity of cytoplasmic and cell membrane protein expression in clear cell RCC 

Vs normal renal tissue 
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Figure 6.1: p14 cytoplasmic expression in clear cell and non-clear cell RCCs 

 

Figure 6.2: p15 cytoplasmic expression in clear cell and non-clear cell RCCs 
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Figure 6.3: p16 cytoplasmic expression in clear cell and non-clear cell RCCs 

  

Figure 6.4: CAIX expression in clear cell and non-clear cell RCCs 
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Figure 6.5: ADFP protein expression in clear cell and non-clear cell RCCs 

 

 

 

 

 

 

 

 

 

 

 

 



177 

 

 

Table 6.4: cytoplasmic protein expression in clear cell vs. non-clear cell RCCs 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table 6.5: Percentage of positive nuclear immunostaining in clear cell vs. non-clear cell 

RCC  

Marker Percentage of 
positive nuclear 

staining 

Clear cell RCC Non-clear cell 
RCC 

Pearson Chi-
square (p = ) 

P14 <10%  70 (85%) 14 (73.6%) 0.328 

11-50% 8 (9.7%) 4 (21%) 

>50% 4 (4.8%) 1 (5.2%) 

 

P15 <10% 76 (95%) 19 (100%) 0.333 

11-50% 4 (5%) 0 

>50% 0 0 

 

P16 <10% 72 (87.8%) 16 (84.2%) 0.758 

11-50% 9 (10.9%) 3 (15.7%) 

>50% 1 (1.2%) 0 
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Table 6.6: different levels of cytoplasmic immune-staining in normal renal parenchyma 

and non-clear cell subtypes (x10 magnification): 

 Normal Renal 
parenchyma 

Papillary RCC Chromophobe RCC Collecting duct 
carcinoma 

P
1
4 

    
P
1
5 

    
P
1
6 
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Table 6.7: different levels of nuclear immune-staining in clear cell RCC subtype (x40 

magnification): 

 0-10% of nuclei 11-50% of nuclei >50% of nuclei  

P
1
4 

   
P
1
5 

   
P
1
6 
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Table 6.8: different levels of cytoplasmic immune-staining in clear cell RCC subtype (x10 

magnification): 

 Negative = 0 Weak = 1 Moderate = 2 Strong = 3 

P
1
4 

    
P
1
5 

   

None of the 
specimens displayed 

strong staining 

P
1
6 
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Table 6.9: different levels of cytoplasmic and membranous CAIX and ADFP immune-

staining in clear cell RCC subtype (x40 magnification): 

 Negative = 0 Weak = 1 Moderate = 2 Strong = 3 

CAIX 

    

ADFP 

    

 

 Correlation between cytoplasmic/cell membrane expression of 6.3

different proteins in clear cell RCC 

It was noted that the high levels of ADFP expression were associated with high levels of CAIX 

expression in ccRCC (p=0.008; r = 0.293). This correlation is represented on the scatter plot 

(Figure 6.6). This positive correlation suggests that ADFP expression could share the same 

activation pathway in ccRCC as CAIX downstream of the hypoxia-inducible pathway. 

 Also a positive correlation existed between ADFP expression and p16 cytoplasmic 

expression (p=0.004; r = 0.318) (Figure 6.7). This would suggest that CDKN2A and PLIN2 

genes share the same pathway or they are inactivated simultaneously due to either deletion 

involving a large segment of chromosome 9p or an epigenetic event involving DNA on 

chromosome 9p. 
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Table 6.10: Spearman’s correlation between cytoplasmic and membranous expression of 

different proteins in clear cell RCC  

 

Figure 6.6: Scatter plot representing correlation between ADFP and CAIX expression   

 

p = 0.008 
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Figure 6.7: Scatter plot representing correlation between ADFP and p16 cytoplasmic 
expression 

 

A weak positive correlation exists between cytoplasmic expression of p16 and p14 (p=0.003; 

r = 0.327) as demonstrated by the scatter plot (Figure 6.8). Also a weak positive correlation 

was observed between p15 and p14 cytoplasmic expression (p=0.004; r = 0.320) (Figure 

6.9). Nuclear expression of p14, p15 and p16 correlated weakly with the cytoplasmic 

expression. 

 

 

 

 

 

p = 0.004 
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Figure 6.8: Scatter plot representing correlation between p14 and p16 cytoplasmic 
expression 

 

Figure 6.9: Scatter plot representing correlation between p14 and p15 cytoplasmic 
expression 
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 Correlation between different protein expression and pathological 6.4

parameters in ccRCC   

A weak negative trend between pathological stage and p14 cytoplasmic expression 

(p=0.062; r = -0.169), p14 nuclear immunohistochemical staining (p=0.07; r = -0.187). A 

weak positive correlation was observed with p15 nuclear expression (p=0.09; r = 0.178). 

On the other hand, p16, ADFP and CAIX expression had no correlation with the pathological 

stage. Lower ADFP expression was associated with higher Fuhrman grade (p=0.021; r= -

0.218) (Figure 6.10). The other markers did not show any correlation. 

Figure 6.10: ADFP expression in high and low-grade ccRCC tumours 

  

None of the markers had a significant correlation with metastatic disease (N+M+). However, 

p15 nuclear expression showed a weak positive trend (p=0.062; r = 0.21). 

p = 0.021 
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None of the markers showed any association with the presence or absence of tumour 

necrosis. Renal sinus invasion showed weak negative trend of association with ADFP 

expression (p=0.063; r = -0.182) and p14 cytoplasmic expression (p=0.09; r = -0.166). 

Only ADFP expression had a weak negative trend with renal vein invasion (p=0.060; r = -

0.218). P14 cytoplasmic expression was the only marker to show a weak negative trend of 

association with pelvicalyceal tumour invasion (p=0.085; r = -0.174). None of the markers 

showed any correlation with sarcomatoid changes. 

 Correlation between different protein expression and 9p status based 6.5

on I-FISH analysis 

Seventy-five out of 89 ccRCC tumours represented on the TMA slides had a valid 9p deletion 

status and valid immunohistochemistry scoring. Thirty-four tumours showed 9p deletion 

with I-FISH while 41 showed no 9p deletion. 

The mean cytoplasmic expression for p14 in the non-9p-deleted tumours was 1.39 

compared to 1.33 for 9p-deleted ccRCC tumours (Mann-Whitney U Test: p=0.733). Also, 

there was no statistical difference between the average p15 cytoplasmic expression in the 

9p-deleted ccRCCs and non-9p-deleted ones (0.98 and 0.96 respectively; Mann-Whitney U 

test: p=0.729). The same also applied to the cytoplasmic expression of p16 in 9p deleted and 

non-9p-deleted tumours (1.4 and 1.49 respectively; p=0.443).  

Nuclear expression for p14, p15 and p16 showed no association with 9p status (p=0.551, 

p=0.221, and p=0.297 respectively)  
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The mean level of CAIX expression in non-9p-deleted tumours was 1.66 compared to 1.44 

for the 9p-deleted ccRCC tumours (p=0.332).   

Conversely, the mean ADFP expression in 9p-deleted tumours was significantly lower 

compared to tumours with normal 9p status (1.87 and 2.25 respectively; p=0.015) (Figure 

6.11).  

It is noteworthy to mention that the 2 tumours displaying a predominant pattern of 

homozygous loss of 9p on I-FISH scoring, one had a poor p14 expression (7616) and the 

other predominantly had a poor expression of p16 (12084). The rest of 9p deleted tumours 

showing loss of 1 copy of CDKN2A probe exhibited different levels of protein expression 

with no clear association. 

Figure 6.11: ADFP expression in 9p-deleted and non-deleted ccRCC tumours 

 

p = 0.015 
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 Correlation between different protein expression and 9p status based 6.6

on microsatellites analysis 

Out of 65 informative cases, 59 had valid immunohistochemistry scoring. The level of 

expression of all markers except p16 cytoplasmic expression was comparable in tumours 

with allelic loss at least in one of the microsatellites on chromosome 9p21 and diploid 

tumours. 

Interestingly the level of p16 cytoplasmic expression was significantly higher in tumours 

with LOH involving at least one of the microsatellites at CDKN2A coding region compared to 

tumours with no allelic loss (Mann-Whitney U: p=0.015). 

This association only persisted with LOH at either D9S974 or D9S942 which are within the 

coding region of CDKN2A (Mann-Whitney U: p=0.015). 

On the other hand, there was no association between p14, p15 and p16 nuclear expression 

and LOH at 9p21.  
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Figure 6.12: p16 cytoplasmic expression in ccRCCs with and without LOH at 9p21 region 

 

Figure 6.13: p16 cytoplasmic expression in clear cell RCCs with and without LOH at 
CDKN2A 
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 Survival analysis in ccRCC 6.7

Eighty-two ccRCCs with valid immunohistochemistry scoring were included in the survival 

analysis with a median follow-up of 97 months (Range 1 – 165 months).  Twenty-one 

(25.6%) died during follow-up from advanced renal cancer with a mean time to death of 39 

months (Range: 1 – 114 months). Out of 70 patients with non-metastatic ccRCCs 16 (22.8%) 

developed recurrence during follow-up with a mean time to recurrence of 37 months 

(Range 3 – 103 months).  

None of the markers was significant on Cox-proportional hazard univariate analysis for RCC 

disease-specific survival (DSS)(Table 6.7) and recurrence-free survival (RFS) (Table 6.8). Due 

to the general poor nuclear expression of p15, it was not included in survival analysis. 

Table 6.7  

Univariate analysis for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

p14 cytoplasmic expression Scale 0.496 0.768 0.360 1.641 

p15 cytoplasmic expression Scale 0.403 0.724 0.340 1.543 

p16 cytoplasmic expression Scale 0.363 1.436 0.658 3.132 

ADFP cytoplasmic expression Scale 0.443 0.794 0.441 1.431 

CAIX cytoplasmic expression Scale 0.499 0.815 0.450 1.475 

p14 nuclear staining 3 Categories*  0.868 1.080 0.436 2.678 

p16 nuclear staining 3 Categories* 0.993 1.005 0.308 3.281 
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Table 6.8: 

Univariate analysis for recurrence free survival (RFS) 

Variable Categories P value Hazard Ratio 95% CI 

Lower Upper 

p14 cytoplasmic expression Scale 0.627 0.815 0.357 1.861 

p15 cytoplasmic expression Scale 0.685 0.843 0.368 1.928 

p16 cytoplasmic expression Scale 0.865 1.072 0.481 2.385 

ADFP cytoplasmic expression Scale 0.897 1.047 0.526 2.083 

CAIX cytoplasmic expression Scale 0.862 1.059 0.553 2.028 

p14 nuclear staining 3 Categories*  0.555 0.670 0.177 2.540 

p16 nuclear staining 3 Categories* 0.950 0.956 0.228 4.008 

*Categories of nuclear expression were subdivided into <10%, 11-50% and >50% nuclear 

expression based on Ikuerowo categories [Ikuerowo et al, 2007]. 

 Discussion 6.8

Immunohistochemistry was employed on the same TMAs to assess if copy number loss or 

LOH was associated with reduced protein expression by certain genes on chromosome 9p. 

The markers chosen were previously suggested to have a prognostic impact based on 

immunohistochemistry studies [Bui et al, 2003, Ikuerowo et al, 2007, Yao et al, 2005, Yao et 

al, 2007, Zhang et al, 2013]. 

The main observation noted was that the level of expression of CDKN2A/B gene (p14, p15 

and p16) was significantly lower in ccRCC compared to the other subtypes of renal cancer as 

well as to their expression in normal renal tissue. There was no association between levels 

of expression at nuclear or cytoplasmic levels and pathological adverse events. This confirms 

findings from a previous study that assessed the correlation between Rb and p16 proteins 

expression, as important regulators of cell cycle, and histopathological factors in 94 

patients. This study also reported the generally poor expression of p16 with only 52% 

showing expression majority of them were weak immunopositive [Maruschke et al, 2011]. 
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The tumour suppressor p16 is a G1/S phase cell cycle inhibitor, which stops cell replication 

by binding to the cyclin D1-CDK4/CDK6 complex and inhibiting retinoblastoma Rb protein 

phosphorylation. Subsequently, p16 enhances the formation of Rb-E2F complex which, as a 

result, halts the progression of the cell cycle at G1/S phase [Sherr, 2001].  

In another study of 390 cases by Ikuewero et al. also found no correlation between clinical 

parameters and p16 expression [Ikuerowo et al, 2007]. Despite different techniques 

employed to determine the level of expression of p16 in RCC, both studies showed no 

association with clinical parameters. Both studies showed no difference in levels of p16 

expression between ccRCC and other subtypes in contrary to the findings from our study 

where we found lower cytoplasmic expression of p14, p15 and p16 in ccRCC compared to 

the other subtypes. The majority of non-ccRCC samples were either papillary or 

chromophobe tumours which in general carry a better prognosis and less adverse 

pathological features compared to the clear cell subtype. The poor level of proteins 

expression encoded by CDKN2A in ccRCC, in general, goes hand in hand with its 

aggressiveness and potential to progress compared to other subtypes. It was also clear that 

there was a strong association between cytoplasmic and membranous expression of the 2 

main proteins encoded by CDKN2A (p14, p16) (p=0.003; r = 0.327) suggesting that a hit to 

the same gene will result in down-regulation of both proteins expression in the majority of 

cases. It was expected that the level of nuclear expression of p14 and p16 would correlate 

as these 2 proteins play a major role in cell cycle regulation at a nuclear level by regulating 

the function of Rb and p53 genes. However, this correlation did not persist for nuclear 

expression. Poor expression of p14 and p16 were not associated with poor prognosis.  
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In the current study, we aimed to validate the findings from Ikuewero et al [Ikuerowo et al, 

2007] being the largest study assessing the impact of p16 expression on survival in RCC. 

Therefore, we used the same cut-off values for nuclear expression of p16 for survival 

analysis in ccRCC. Taking into account the commonly reported poor nuclear 

immunopositivity of p16 in RCC [Gayed et al, 2013, Hedberg et al, 2004], It was noted that 

the majority of p16 nuclear expression in ccRCCs was observed in <50% of the nuclei and 

only one case (1.2%) had an observed mean expression in >50% of the nuclei. This did not 

allow to demonstrate the survival advantage of mean nuclear expression of >50% as 

reported by Ikuewero et al where only eleven cases (6%) out of 198 cases showed nuclear 

expression >50%. This difference in proportion of tumours with higher expression of p16 can 

be explained by the fact that Ikuewero et al represented each tumour with 3 cores on the 

tissue microarray with one of the cores from peri-tumour normal renal parenchyma, in 

which we have demonstrated in the current study that p16 nuclear expression is 

significantly higher compared to ccRCC. While in the current study, each tumour was 

represented by six tumour cores. Also, the authors included all subtypes in the survival 

analysis in contrast to the current study where survival analysis was subtype-specific to 

ccRCC only. In these respects, the methodology of the current study was more robust. On 

the other hand, in addition to the smaller number of cases, the shorter period of follow-up 

could be considered as a limitation in demonstrating the survival benefit of p16 nuclear 

expression.  

The role of the tumour suppressor genes, p53, p16INK4a, and pRb, has been widely studied; 

however, p14, which also is an important suppressor gene that connects the hypoxia-

inducible pathway to p53 pathway [Jung et al, 2013], is poorly investigated in renal cancer. 
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Previous reports suggested that p14(ARF) with p16(INKa) aberrations is associated with 

adverse pathological prognostic factors and may have a crucial role in the relatively late 

stage of renal tumorigenesis associated with tumour progression [Kasahara et al, 2006, 

Kawada et al, 2001a]. P14 has an inhibitory effect on Mdm2 by inducing its degradation, 

leading to an increase in the activity and stability of p53 [Chin et al, 1998, Pomerantz et al, 

1998]. P14 is stimulated by excessive hyperproliferative signals and promotes p53 activation 

in response to oncogenic stimuli. Specifically, the responsiveness of the p14 promoter to 

E2F-1 makes p14 a link between the Rb and p53 pathways [Bates et al, 1998].  

In the current study, we demonstrated that p14 expression was significantly lower in ccRCC 

compared to other subtypes and normal renal tissue. This confirms the previous findings 

indicating that the loss of pVHL in ccRCC leads to elevated expression of a mediator protein 

called progerin (a product of the LMNA gene linked to Hutchinson-Gilford progeria 

syndrome; HGPS), which in turn, leads to p53 inactivation by suppressing p14 [Jung et al, 

2013].  

A significant association between p14, p15 and p16 cytoplasmic expression existed. 

However this was not the case with nuclear expression. The nuclear and cytoplasmic 

expression of p14 was not associated with any adverse pathological features and had no 

impact on survival. 
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Figure 6.14: Model for interactions between progerin and p53 pathway. This diagram, 
reproduced and enhanced by Kennedy [Kennedy, 2013] demonstrates the proposed 
interactions between progerin and p53 in different settings suggested by Jung et al. [Jung 
et al, 2013]. In normal cells (left), low progerin activity permits a normal p53 response 
pathway. In HGPS cells and with ageing (middle), high progerin expression leads to 
reduced p53 levels, although evidence exists that p53 can still be active in the presence of 
progerin in this context. In renal cell carcinomas (right), loss of VHL leads to enhanced 
progerin and HIF-2a levels, both of which inhibit p53 through different pathways 

 

A higher level of expression of CAIX was observed in ccRCC compared to non-ccRCC 

subtypes in line with previous reports [Leibovich et al, 2007]. Interestingly, the mean 

expression of CAIX was higher in ccRCC compared to normal renal tissue but did not reach 

statistical significance (p = 0.238 – Mann-Whitney U test). CAIX is a transmembrane 

metalloenzyme which belongs to the carbonic anhydrase family [Supuran, 2008].  It is 

believed to play a critical role in the regulation of cell proliferation under the hypoxic 

condition and is implicated in tumour progression [Wykoff et al, 2000]. The expression of 

CAIX is significantly increased during hypoxia, which is a key feature of various tumours. This 

is in keeping with the fact that CAIX will be more expressed in ccRCC due to activation of the 

hypoxia-inducible factor (HIF) pathway following a driver mutation in the VHL gene in 3p25 

region. This is an exclusive mutation to ccRCC subtype. The production of CAIX in normoxic 
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cells is inhibited by pVHL. VHL gene is down-regulated in ccRCC cases. Poor expression of 

VHL protein results in a lack of inhibition and up-regulation of CAIX as a consequence of HIF 

activation [Supuran, 2008]. Therefore, the up-regulation of CAIX in ccRCC will appear to 

mimic hypoxic conditions [Bui et al, 2003]. CAIX can catalyse the reversible hydration of 

carbon dioxide to produce carbonic acid. As a result of increased cellular CAIX, the pH of the 

tumour becomes more acidic and this is associated with tumour progression as a result of 

increased tumour ability to adapt to hypoxia [Supuran, 2008]. 

Several studies using immunohistochemistry have concluded that poor CAIX expression in 

ccRCC is associated worse prognosis in both localised and metastatic ccRCC [Bui et al, 2003, 

Patard et al, 2008a]. It has also been suggested that in the expression of CAIX is lower in 

metastatic tumours compared to primary tumours [Bui et al, 2003, Patard et al, 2008a]. Bui 

and colleagues [Bui et al, 2003] showed that low CAIX expression (≥85%) was associated 

with worse overall survival for metastatic RCC only using TMAs. On the other hand, 

Sandlund et al. [Sandlund et al, 2007] demonstrated that reduced CAIX expression was 

associated with poor prognosis in patients with Stage I – III disease, but not in metastatic 

RCC. As CAIX gene is located on chromosome 9p, so either copy number loss or mutation or 

epigenetic changes in advanced or more aggressive tumours on chromosome 9p would 

explain decreased expression.  

However, more recently several studies have refuted the significance of CAIX expression as 

an independent prognostic marker in localised and metastatic ccRCC [Leibovich et al, 2007, 

Zerati et al, 2013, Zhang et al, 2013]. Leibovich et al., in the largest retrospective study to 

date, (n = 730) and found that low CAIX expression (≥85%) was not an independent 

prognostic factor in multivariate analysis. Leibovich’s group analysed CAIX expression from 



197 

 

 

whole tissue sections instead of TMAs and reported significant intratumour heterogeneity 

[Leibovich et al, 2007]. This goes hand in hand with the findings from the current study. 

A trend was noted showing a higher ADFP expression in ccRCC compared to the other 

subtypes of renal cell cancer. Poor expression of ADFP was associated with higher grade 

tumours. It was also noted that there was no significant difference in ADFP expression in 

ccRCC and peri-tumour normal renal tissue which was used as a control.  

Our findings mirror those from the previous study where ADFP was significantly up-

regulated in ccRCC in comparison to other subtypes of RCC [Yao et al, 2005]. This could be 

explained by the fact that ADFP expression is known to be inducible by hypoxia [Saarikoski 

et al, 2002b] which is the hallmark of ccRCC tumours. Furthermore, it was found to correlate 

with disease severity. Significantly high levels of ADFP expression were noted in lower grade 

tumours (G1 and G2) compared to high-grade ccRCCs, this goes hand in hand with findings 

from previous studies [Yao et al, 2005, Yao et al, 2007]. This observation may explain the 

appearance of ccRCC as low-grade tumours are composed mainly of ‘clear cells’ which 

reflect their high lipid content. However, higher grade tumours have a reduced clear cell 

appearance and consist of an eosinophilic cytoplasm. Therefore, it is reasonable to conclude 

that the clear cell appearance of low-grade tumours is a representation of the increased 

lipid uptake and storage as a result of increased ADFP expression.  

The results demonstrated no difference between ADFP expression in ccRCC and normal 

renal tissue. These findings contradict with those from Yao et al. where ADFP expression in 

RCC was significantly higher compared to normal renal tissue. The control in the current 

study was extracted from normal peritumoral renal parenchyma of 20 cases. On the other 
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hand Yao et al. did not report on the number of samples and the origin of normal renal 

tissue which was used as a control. Morrissey et al. investigated the role of urinary 

biomarkers in the diagnosis of renal cancer subtypes arising from proximal tubules. ADFP 

was one of the markers that showed promising results. The authors reported that the drop 

in urinary ADFP levels was substantial after tumour removal. However, concentrations in the 

post-excision urine samples were still higher compared with those found in the surgical 

control patients and healthy volunteers. The authors suggested that one possibility may be 

some residual tumour effect on the remaining peritumoral normal kidney tissue [Morrissey 

et al, 2010]. If the healthy kidney tissue used by Yao et al. was taken from RCC-free 

individuals this may explain the discrepancy between the findings from the current study 

and Yao et al. This global tumour effect could have resulted in high levels of expression of 

ADFP in peritumoral normal renal tissue which resulted in no statistical difference when 

compared to expression in ccRCC in current study. Further study with 432 ccRCCs and 49 

controls corresponding normal renal tissue, using quantitative PCR, showed the significantly 

higher level of ADFP mRNA expression in tumours compared to control [Yao et al, 2007]. 

However, mRNA expression at a transcriptional level does not represent the level of protein 

expression assessed by immunohistochemistry accurately. The authors acknowledged that 

as a limitation and reported a high correlation between mRNA and ADFP protein expression 

by immunohistochemistry in selected 28 cases [Yao et al, 2005]. 

 In the same study [Yao et al, 2007], the authors reported that ADFP mRNA expression in 

ccRCC was an independent prognostic factor in ccRCC. This was not the case in our cohort 

where ADFP protein expression using immunohistochemistry was not associated with 

improved CSS or RFS. In the current study, the smaller sample, assessing ADFP expression at 
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protein compared to transcriptional level by employing a different technique could have 

resulted in this discrepancy.  

A correlation between ADFP and CAIX expression was observed in ccRCC. This could be 

because both proteins are downstream the same hypoxia-inducible factor (HIF) pathway 

[Saarikoski et al, 2002b, Wykoff et al, 2000]. Alternatively, it could be due to inactivation of 

both genes due to copy number loss or epigenetic changes involving chromosome 9p. The 

later could explain the correlation also observed between ADFP and p16 protein expression. 

Further studies are required to establish a full understanding of the interaction between 

ADFP, p16 and CAIX.   

More importantly, no association existed between the expression of the proteins encoded 

by CDKN2A and copy number loss of chromosome 9p. This could have resulted from several 

factors. Different techniques were employed for immunohistochemistry scoring relying on 

the intensity of cytoplasmic or membranous staining and the percentage of nuclear 

immunostaining in previous studies without validation. To date, no consensus has been 

reached on scoring the protein expression and no clear criteria exist. We followed the most 

commonly used and previously reported methods that showed significance in previous 

reports. Also, the number of cases in ccRCC could have been small to achieve the required 

significance. However, the same number of cases was sufficient to show significance for 

survival by assessing for copy number loss by using I-FISH and LOH by microsatellites on the 

same cohort. Also, protein expression was shown to poorly correlate with genetic 

aberrations in previous studies in renal and other cancers [Li et al, 2011, Schraml et al, 

2001]. Intra-tumour heterogeneity is a major feature in renal cancer and still hampers the 

progress of biomarkers studies [Gerlinger et al, 2012]. Although, each case was represented 
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by six cores on TMA, which exceeds previously reported studies, the protein expression did 

not correlate with copy number aberration. Any protein expression is part of a complex 

pathway with feedback loops involving other linked pathways and proteins encoded by 

several genes on different chromosomes that can undergo mutations, copy number 

aberrations or epigenetic changes. This certainly can result in endless possibilities and 

makes the study of prognostic factors very challenging.   Immunohistochemistry may play a 

critical role in the diagnosis of uncertain subtypes of RCC as agreed by the majority of 

pathologists in the consensus conference of the International Society of Urological 

Pathology [Tan et al, 2013]. There has been a variety of emerging immunohistochemical 

detected proteins suggested to have a prognostic role in ccRCC [Joseph et al, 2014, Kapur et 

al, 2014, Pawlowski et al, 2013]. However, the role of immunohistochemistry markers in 

predicting prognosis remains doubtful due to lack of standardisation of scoring techniques, 

different cut-off values for determining levels of expression, the variety of antibodies 

available, the contradicting reports on the prognostic role of different markers and lack of 

lab and clinical validation studies. Therefore, none of these markers is ready yet to be 

integrated into clinical practice and to date their use is not recommended [Tan et al, 2013]. 
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7 Chapter VII: Array-based analysis of chromosome 9p deletion in 

clear cell Renal Cell Carcinoma 

The rationale for using an array-based analysis is, firstly to validate the results of FISH and to 

identify the threshold for 9p deletion based on a more objective technique to determine a 

positive control, secondly to identify the other chromosomal copy number aberrations 

associated with 9p deletion, and at last to examine if loss of 9p, whether it involves the 

deletion of the whole short arm or it is more of an interstitial event. However, due to the 

nature of the degraded DNA from archived FFPE tissue, the aCGH analysis was unsuccessful. 

New array-based techniques were made available in the recent years that can reliably 

analyse the whole genome with SNP analysis such as Oncoscan® based on molecular 

inversion probe technology. This technology was tested on DNA extracted from historical 

FFPE sections with reliable results and high resolution in cancers such as prostate, colorectal 

and breast cancers [Wang et al, 2009]. Five samples from the original cohort represented on 

the TMA slides identified by the main researcher were analysed using Oncoscan® SNP array. 

Also, the cohort was extended by selecting 37 consecutive cases from the Tayside Tissue 

Bank (TTB) archive with stored fresh frozen tissue for DNA extraction and aCGH analysis to 

answer the above questions.  

I-FISH was used on quality control paraffin blocks corresponding to the same fresh tumour 

aliquots from which DNA was extracted for aCGH. This served to confirm the karyotype and 

validate the copy number change displayed on aCGH (Figure 7.3 & 7.4). 
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 Clinicopathological data 7.1

Out of the 42 samples analysed by array-based techniques, 38 were confirmed to be ccRCCs 

by the pathologist and were included in the analysis. The other four tumours were classified 

as papillary RCCs with their genotype confirmed on aCGH analysis showing a gain of 

chromosomes 7 and 17 with normal chromosome 3. 

Table 7.1 summarises the clinical data of the ccRCC tumours analysed by either array CGH 

(n=33) or Oncoscan® array (n=5). The mean age at diagnosis was 65 years old. Tumour size 

ranged between 2.4 and 19 cm with a mean size of 7.4 centimetres. Approximately, 50% of 

the tumours were high T-stage (pT3/4). Sixteen percent of the tumours were metastatic at 

diagnosis (n=6) with the lungs being the predominant site of metastatic disease. The 

majority of the tumours were high grade (84%). Only one tumour showed sarcomatoid 

changes. One-third of the tumours showed adverse histopathological features such as 

tumour necrosis, microvascular invasion, renal sinus invasion and invasion of renal vein or 

its branches.  
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Table 7.1: Clinicopathological data of array-based analysis cohort: 

Variables Number of cases 
(n) 

Percentage (%) 

Age at diagnosis Year (SD) 65 (±9.5) Range: 44 – 83 yrs 

 

Gender  Male 24 63% 

Female 14 37% 

 

Tumour size (cm)  Mean (SD) 7.4 (±4) Range: 2.4 – 19 
cm 

TNM staging (2009) 

pT pT1a 7 18.4% 

pT1b 7 18.4% 

pT2a/b 4 10.5% 

pT3a 17 44.7% 

≥pT3b 3 7.9% 

 

Low (pT1/2) 18 47% 

High (pT3/4) 20 53% 

 

NM N0M0 32 84.2% 

N+M+ 6 15.8% 

 

Fuhrman Grade Low grade (1/2) 6 15.8% 

High grade (3/4) 32 84.2% 

 

Sarcomatoid change Absent 37 97.4% 

Present 1 2.6% 

 

Tumour necrosis Absent 22 57.9% 

Present 16 42.1% 

 

Microvascular invasion Absent 27 71.1% 

Present 11 28.9% 

 

Renal vein invasion Absent 23 60.5% 

Present 15 39.5% 

 

Renal sinus invasion Absent 24 63.2% 

Present 14 36.8% 

 

Perinephric fat 
invasion 

Absent 32 84.2% 

Present 6 15.8% 
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SSIGN score Low risk (0-3) 14 36.8% 

Intermediate risk (4-
7) 

16 42.1% 

High risk (≥8) 8 21.1% 

 

Leibovich score Low risk (0-2) 9 28.1% 

Intermediate risk (3-
5) 

9 28.1% 

High risk (≥6) 14 43.8% 

There were 14, 16 and 8 patients with low, intermediate and high-risk SSIGN scores 

respectively. On the other hand, there were 9, 9 and 14 cases with the low, intermediate 

and high risk of recurrence or development of metastasis respectively. It is noteworthy to 

mention, a higher proportion of high-risk patients for development of metastasis or 

recurrence (43.8%) based on Leibovich score was observed in the array cohort compared to 

the cohort studied by I-FISH and microsatellites (28%).  

 Array-based analysis 7.2

7.2.1 Copy number variations in ccRCC 

In 38 ccRCC tumours, the mean gene copy number variation (CNV) detected per tumour was 

105 (Range 28 – 210).  There was no statistical difference between the mean CNV in 

tumours showing a deletion of chromosome 9p (119) and tumours with diploid 9p (91) (p = 

0.112). 

Loss on short arm of chromosome 3 (3p) was detected in >90% of the tumours with 80% 

(n=30) of 3p deletions involving the whole short arm (Figure 7.1). VHL copy loss, which is the 

gate-keeper mutation in ccRCC, detected in 94.7% of the tumours (n=36).  Other common 

chromosomal CNVs detected, were deletions of 4q (34%), 6q (21%), 8p (42%), 9p (34%) 14q 
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(34%) and 18q (34%). Common gains included 5q in 50% of cases followed by 7q (23%), 2p 

(18%) and 2q (15%). 

PBRM1 gene located on chromosome 3p21 is the 2nd most common gene implicated in 

ccRCC and reported to be mutated in almost 40% of cases. In this study, loss of the 

chromosomal region of PBRM1 gene copy was noted in 80% of cases (n=30).  

As our main focus in this experiment is on chromosome 9p, 19 tumours showed either 

complete or segmental deletion on 9p (50%), (Figure 7.1). The loss involved the entire short 

arm in 11 out of 19 cases (58%), including 10 of them showing complete loss of one copy of 

the whole chromosome 9. On the other hand, the other 8 cases exhibited segmental 

deletions on 9p. Deletion in the 9p21 region was seen in 16 tumours (42%) with CDKN2A 

gene copy loss noted in 12 (31.5%) out of those 16 cases. CDKN2B shared copy number loss 

with CDKN2A in the same 12 cases.  

Other genes, which may play a potential role in ccRCC progression on 9p with copy loss 

included CAIX and PLIN2 genes (which encodes for ADFP) were deleted bystander in 11 

cases of complete deletion of chromosome 9p. PTPRD (Protein Tyrosine Phosphatase 

Receptor Delta) is one of the other genes which have been suggested to be implicated in 

renal cancer progression and was studied using LOH analysis by microsatellites and 

quantitative PCR by Li et al [Li et al, 2011]. This gene is located on 9p24 locus that exhibited 

copy number loss in 14 tumours 3 of which were interstitial copy losses. 

It is noteworthy to mention that 2 of the five tumours analysed with the Oncoscan® SNP 

array showed interstitial LOH at 9p21 region involving CDKN2A/B genes without copy 

number loss suggesting a copy neutral LOH phenomenon. 
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7.2.2 I-FISH validation 

FISH was employed in 7 selected samples for reverse validation of array-based analysis with 

a good concordance.  

In one case, the array CGH analysis one showed a near threshold loss of chromosome 6 and 

9 with a near threshold gain of chromosome 2 and high gain of chromosome 7. Therefore, 

multicolour I-FISH was employed to confirm these copy number variations using three 

centromeric probes (CEP2 orange, CEP7 green and CEP6 aqua) (Figure 7.4). Out of 83 cells 

scored I-FISH confirmed the array finding with 65% showing tetra and polyploidy of 

chromosome 7, 64% of cells displaying trisomy of chromosome 2 and 61% showing 

chromosome 6 monosomy. This led to confirming the near threshold loss of chromosome 9.  

In 6 cases, five of which showed CDKN2A somatic loss on array analysis, FISH was performed 

using Vysis locus-specific identifier (LSI) CDKN2A spectrum red (R) / (CEP 9) spectrum green 

(G) probes. FISH confirmed deletion in 3 out of the 5 cases with copy number loss of 

CDKN2A on the array and agreed to no deletion in the last case. 

This meant that the concordance between FISH and array-based analysis was 71% (5 out of 

the 7 cases). 

In total, 4 cases with Chromosome 9p somatic copy number loss detected by array-based 

analysis was confirmed by FISH (one case confirmed with multicolour FISH) with a mean 

percentage of abnormal nuclei in deleted tumours ranging between 61% and 92%. 

In one case, array CGH showed a high loss of chromosome 9  with I-FISH scoring showing 

81.4% abnormal nuclei (88/108), the majority were monosomy of chromosome 9 (Figure 
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7.3).  The second case (Figure 7.2) was confirmed by I-FISH showing 92% (96/103) abnormal 

nuclei, with the majority of nuclei (62%) showing homozygous deletion. In the third case, an 

interstitial deletion of chromosome 9p involving CDKN2A was detected and confirmed by 

FISH with a mean percentage of abnormal nuclei of 79% in the cores scored (figure 7.6). 

On the other hand, the other two samples were assessed with Oncoscan® SNP array. One 

case showed only a small interstitial deletion at 9p24 locus (Figure 7.5). However when 

validated by the dual colour I-FISH probe with LSI on CDKN2A on a whole tissue section and 

on the TMA it showed chromosome 9p loss with ≥70% abnormal nuclei agreed by both 

observers. However, interestingly, the Oncoscan® SNP array identified copy neutral LOH 

involving CDKN2A in the same case. This was confirmed by microsatellite analysis with LOH 

detected in 4 out of the five markers employed in the previous experiment (Chapter 5).  

The last case, the Oncoscan® SNP array showed no copy number loss involving chromosome 

9p and the only significant copy number loss detected was chromosome 3p. However, FISH 

analysis showed 70% abnormal nuclei with both observers agreeing on 9p deletion status.  

7.2.3  Correlation with pathological features 

In eleven tumours, complete loss of chromosome 9p was weakly associated with higher 

tumour grade (p=0.017; R=0.385), perinephric fat invasion (p=0.047) and SSIGN score 

(p=0.023; R=0.369). A trend was observed with Leibovich score. Otherwise, there was no 

correlation with other adverse pathological features including pathological stage, the 

presence of metastasis, renal sinus, microvascular and renal vein invasion. Also, there was 

no difference in tumour size between 9p and non-9p deleted tumours (p=0.8). 
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An extra case with an interstitial deletion of 9p21 involving CDKN2A region was added to the 

original 11 cases with complete deletion of 9p to assess the correlation between somatic 

copy loss of CDKN2A and pathological features. CDKN2A loss showed more significant 

association with tumour grade (p=0.004; R=0.459) and subsequently weak correlation with 

SSIGN and Leibovich scores (p=0.02; R=0.372 and p=0.037; R=0.383 respectively). There was 

also a trend with perinephric fat invasion (p=0.066). 

The 3 cases with segmental loss involving 9p24 that include the coding region for PTPRD 

gene was added to the 11 cases with complete 9p deletion to assess the correlation 

between PTPRD loss and pathology features.  PTPRD somatic copy loss was significantly 

associated with high Fuhrman grade (p=0.007; R=0.428) and subsequently SSIGN score 

(p=0.004; R=0.455). A correlation existed with tumour necrosis (p=0.047). A trend was 

observed between PTPRD loss and pathological T stage (p=0.1) and renal sinus invasion 

(p=0.081). 
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Figure 7.1: Summary of the array analysis of copy number changes in the 38 ccRCC tumours (Red = loss; Blue = gain)

 

Chromosomes 

Sa
m

p
le

 n
u

m
b

er
 



210 

 

 

 

 

 



211 

 

 

Figure 7.2: Oncoscan® SNP array analysis showing chromosome 3p and 9 losses, also a gain of chromosomes 5 and 7. Loss of heterozygosity 
was detected on chromosome 9p associated with copy number loss 
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Figure 7.3: High-resolution array CGH showing chromosome 9 loss that was confirmed by I-FISH showing monosomy in 81% of scored cells 
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Figure 7.4: Array CGH of a sample showing a near threshold loss of chromosomes 6, 9 and others; and near threshold gain of 2 and 12 with 
high gains of 5 and 7 suggestive of small sub-clones. Multicolour I-FISH validation using CEP2, CEP 7 and CEP 6 confirmed the presence of a 
sub-clone with trisomy of chromosome 2 (orange), monosomy of chromosome 6 (aqua) and polysomy of chromosome 7 (green).   
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Figure 7.5: Oncoscan® SNP array is showing normal copy number of chromosome 9. However, SNP array showed copy neutral LOH involving 
CDKN2A gene 
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Chromosome 9p showing CNNLOH at CDKN2A region (encircled) 
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Figure 7.6: Oncoscan® SNP array shows segmental loss within 9p21 region involving CDKN2A gene 

 

A
B

 a
lle

le
 r

at
io

 

CDKN2A 



216 

 

 

7.2.4 Survival analysis 

The median follow-up for this cohort of ccRCCs was 81.5 months (IQR 46.75 – 93.25 months; 

mean 70.7 months). In total 15 patients died during the follow-up period. RCC-disease 

specific mortality was 34% (12/38). On the other hand, 3 patients died from unrelated 

causes. 

7.2.4.1 RCC-disease-specific survival (DSS) 

Tumours with complete loss of chromosome 9p (n=11) exhibited worse disease-specific 

survival compared to the rest of the cases (log-rank: p=0.044) (figure 7.7). This became 

more significant when comparing DSS between tumours with PTPRD gene copy loss (n=14) 

and those without deletion (log-rank: p = 0.033) (figure 7.8). 

When considering CDKN2A copy loss, ccRCCs with this copy number loss (n=12) showed a 

trend suggestive of worse prognosis but did not reach statistical significance when 

compared to diploid tumours (log-rank: p=0.088). Interestingly, one of the five tumours 

analysed with Oncoscan® SNP-array showed copy neutral LOH at 9p21.3 involving 

CDKN2A/B genes. When copy number neutral LOH and copy number loss of CDKN2A/B was 

combined in survival analysis (n=13), these tumours showed statistically significant worse 

DSS compared to the ones with normal copy number (log-rank: p=0.019) (figure 7.9). 

The adverse histopathological features associated with worse DSS on Cox-proportional 

hazard univariate analysis in this cohort were: pathological T stage, presence of metastasis, 

tumour necrosis and tumour size, in addition to SSIGN score. Moreover, PTPRD loss and LOH 

at CDKN2A, with or without copy number loss, were both associated with worse DSS with 
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the latter being the most significant (Table 7.2). Therefore, CDKN2A loss, being the most 

significant on univariate analysis for DSS, was incorporated in the multivariate analysis. 

On multivariate analysis, only metastasis and tumour size remained the most significant 

variables in model 1. While in model 2, SSIGN score remained the strongest independent 

predictor of DSS. CDKN2A loss did not retain its significance as an independent prognostic 

factor for DSS in either model (Table 7.3). 

Table 7.2: Cox-proportional hazard univariate analysis for RCC disease-specific survival 
(DSS) 

Variable Categories P value Hazard Ratio 95% CI 

Lower Upper 

Age Scale 0.518 1.021 0.959 1.086 

Gender M vs. F 0.309 0.506 0.137 1.876 

Tumour size Scale <0.001 1.026 1.011 1.041 

T-stage pT3/4 vs. pT1/2 0.026 2.418 1.113 5.251 

Metastasis N+M+ vs. N0M0 <0.001 83.848 9.473 733.48 

Necrosis Present vs. absent 0.024 4.653 1.225 17.675 

Microvascular invasion Present vs. absent 0.096 2.618 0.843 8.126 

Sarcomatoid features Present vs. absent 0.084 6.639 0.775 56.868 

Fuhrman Grade G3/4 vs. G1/2 0.819 1.194 0.261 5.468 

Complete 9p deletion Deletion vs. no deletion 0.056 3.186 0.969 10.477 

CDKN2A  Deletion vs. no deletion 0.030 3.911 1.142 13.396 

PTPRD Deletion vs. no deletion 0.046 3.512 1.023 12.060 

SSIGN score 3 sub-categories <0.001 7.300 2.543 20.953 
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Table 7.3: Multivariate Cox proportional hazard for RCC-disease specific survival (DSS) 

Model 1 for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

Tumour size Scale 0.038 1.025 1.001 1.049 

Metastasis N+M+ vs. N0M0 0.011 22.748 2.038 253.91 

CDKN2A Deletion vs. no deletion 0.141 3.443 0.665 17.828 

Model 2 for RCC disease-specific survival (DSS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

CDKN2A Deletion vs. no deletion 0.377 1.776 0.497 6.345 

SSIGN score 3 sub-categories 0.001 6.410 2.151 19.102 

 

Figure 7.7: 
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Figure 7.8: 

 

Figure 7.9: 
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7.2.4.2 Recurrence-free survival (RFS) 

Thirty-two out of 38 (84%) tumours with a median follow-up of 86.5 months (mean 81; IQR 

79 – 96 months) underwent radical or partial nephrectomy for non-metastatic RCC. Ten 

cases (31.25%) developed a recurrence during the follow-up period with a median time to 

recurrence of 34 months (mean 37.8 months).  Seven cases developed distant metastasis 

during follow-up, predominantly to the lung (n=5). Other sites included liver, bone, brain 

and mediastinal lymph nodes. On the other hand, 3 cases developed recurrence within the 

renal bed. 

Copy number loss of chromosome 9p was observed in 15 cases, eight of which (53%) 

developed recurrence. While, only two out of 17 cases (11%) with normal 9p chromosome 

developed recurrence (Log Rank: p = 0.011). CDKN2A/B displayed copy number loss in 9 

cases, 8 of which were associated with complete deletion of the whole chromosome 9p. 

The mean recurrence-free survival for patients with tumours showing complete copy 

number loss of chromosome 9p was 46 months compared to 98 months in the other group 

without 9p deletion or only interstitial deletions on 9p. There was a higher risk of recurrence 

for patients with tumours exhibiting complete loss of chromosome 9p with 75% of cases 

(6/8 cases) developing recurrence during the follow-up period (log-rank: p < 0.001) (figure 

7.11). 

For cases with CDKN2A/B deletion (n=9) and PTPRD loss (n=10), the significant difference in 

recurrence-free survival persisted but was less significant in relation to complete loss of 

chromosome 9p (Log-rank: p=0.005; p=0.006) (Figures 7.10 and 7.11). 
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Copy number loss of chromosome 9p was the only significant variable in univariate analysis 

for recurrence-free survival in this cohort. 

Table 7.4 Cox-proportional hazard univariate analysis for recurrence-free survival (RFS) 

Variable Categories p-value Hazard Ratio 95% CI 

Lower Upper 

Age Scale 0.263 1.038 0.972 1.109 

Gender M vs. F 0.093 0.508 0.230 1.119 

Tumour size Scale 0.503 1.006 0.988 1.025 

T-stage pT3/4 vs. pT1/2 0.277 1.470 0.734 2.942 

Necrosis Present vs. absent 0.189 2.414 0.674 8.998 

Microvascular invasion Present vs. absent 0.788 1.208 0.305 4.781 

Fuhrman Grade G3/4 vs. G1/2 0.436 1.510 0.536 4.251 

CDKN2A Deletion vs. no deletion  0.012 5.063 1.418 18.074 

PTPRD  Deletion vs. no deletion 0.016 5.541 1.379 22.267 

Complete 9p deletion Deletion vs. no deletion 0.002 8.794 2.171 35.622 

Leibovich score 3 sub-categories 0.092 2.166 0.882 5.321 

 

Figure 7.10 
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Figure 7.11 

 

 

Figure 7.12 
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 Discussion 7.3

The findings of this experiment confirm that chromosome 9p deletion is one of the most 

common CNVs in ccRCC subtype. The majority of somatic deletions seem to involve the 

entire short arm of chromosome 9. Although the rate of chromosome 9p deletion was 50% 

including complete and interstitial deletions, the detection rate of CDKN2A copy number 

loss on array analysis was 31%, slightly lower than the rate detected by FISH (44%) in the 

first cohort and slightly higher than the rate reported by Sanjmyatav et al. which was 21% 

for the region of 9p21.3p24.1 [Sanjmyatav et al, 2011]. The discrepancy in CDKN2A deletion 

rate between the 2 studies could be explained by the higher proportion of locally advanced 

tumours (≥pT3a) in the current study (51%) compared to Sanjmyatav et al. (28%). Complete 

loss of chromosome 9p was identified in 29% of cases matching the same rate reported by 

Toma et al using Affymetrix 10K SNP array [Toma et al, 2008]. 

Segmental deletion of CAIX and PLIN2 gene was not detected in the current cohort as all 

deletions of these two genes were associated with complete loss of 9p. It is more likely that 

their inactivation occurs as a result of complete deletion of chromosome 9p or due to 

epigenetic changes or intragenic mutations or from down-regulation as a result of 

inactivation of an upstream gene in the hypoxia-inducible pathway. In the current study, 

only one out of 12 cases (8%) with CDKN2A copy number loss was due to a segmental 

deletion. PTPRD deletion was detected in (36.8%) of cases with only 3 cases showing a 

segmental loss. These findings agree with recent reports from The Cancer Genome Atlas 

(TCGA) database, showing that focal deletion was common in CDKN2A (9p21) and PTPRD 

(9p23) regions [Cancer Genome Atlas Research Network, 2013]. PTPRD is another gene that 
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has been suggested to be implicated in ccRCC progression and associated with worse 

outcomes [Li et al, 2011].  

The representative validation with FISH showed an agreement with the array-based analysis 

in 5 out of 7 cases (concordance 71%). The disagreement occurred in 2 cases where FISH 

showed 9p deletion in contrast to array-based analysis. This discrepancy could be explained 

by dilution of abnormality during the process of DNA extraction from tumour tissue for the 

array analysis. Macro-dissection was employed to cut curls of the tumour from the same 

block where the cores were transferred to the TMA. However, it is inevitable, unless laser 

microdissection is undertaken, that samples include stromal tissue or peritumoral normal 

tissue or even tumour tissue without the subclone of cells with 9p deletion. The latter is the 

most likely explanation in light of intratumour heterogeneity that is the hallmark of solid 

cancers especially in ccRCC [Gerlinger et al, 2012].  

Apart from 3p loss that is the main copy number loss associated with ccRCC, complete copy 

number loss of 9p was not significantly associated with any of the other somatic copy 

number aberrations. Other common CNVs previously reported in observational series of 

ccRCC were identified; such as loss of 8p, 14q and 18q and gain of 5q and 7q [Junker et al, 

2003, Klatte et al, 2009a]. None of these seemed to have any impact on survival. 

Although, the cohort in this study is relatively small (n=38), complete 9p loss showed, again, 

association with some adverse pathological factors including Fuhrman grade, perinephric fat 

invasion and subsequently SSIGN score. These findings go hand in hand with previous 

reports showing that tumours with Fuhrman grade 4 a more likely to be associated with 

chromosome 9 loss [Dagher et al, 2013, Klatte et al, 2009a]. On the other hand, the loss of 
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PTPRD was associated with tumour necrosis. And a trend was observed with the 

pathological stage but did not reach statistical significance as previously reported with allelic 

alteration within the same region resulting in reduced expression of PTPRD protein [Li et al, 

2011].  

The array-based analysis has confirmed the impact of chromosome 9p copy number loss on 

survival. Tumours with combined CDKN2A copy number loss and copy neutral LOH showed 

worse prognosis on univariate analysis. However, it did not remain as an independent 

prognostic factor in multivariate analysis including other significant pathological variables 

and SSIGN score. Meanwhile, copy number loss on chromosome 9p was the only significant 

variable in univariate analysis for RFS in non-metastatic renal cancer. Chromosome 9p 

deletion was more significant than the well-established pathological prognostic factors. 

These findings mirror the reported results by Sanjmyatav et al.[Sanjmyatav et al, 2011]. 

However, the results of the current study and Sanjmyatav et al. should be interpreted with 

caution due to the small number of cases.  

Loss of heterozygosity was assessed in only 5 cases using Oncoscan™ SNP array. Therefore 

limited information about the incidence of copy number neutral LOH was available. LOH of 

CDKN2A was detected in 2 out of the five samples. One case showed a copy number neutral 

LOH and the other was associated with copy number loss. Copy number neutral LOH is a 

common phenomenon in cancers. However, its effect on gene expression has not been fully 

characterised in renal cancer. Adding cases with CNNLOH of CDKN2A to other cases with 

copy number loss increased the significance of CDKN2A loss on DSS and RFS. Most of the 

studies that assessed the prognostic impact of 9p deletion in ccRCC did not evaluate both 

copy number variation and Loss of heterozygosity (LOH) combined. This could have certainly 
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had an implication on survival as we have proven in chapter 5. We identified 60% of LOH in 

the coding region of CDKN2A was copy neutral when data combined with I-FISH results. The 

use of conventional cytogenetic techniques such as array CGH and FISH without assessing 

for LOH could result in missing out cases with CNNLOH. CNNLOH could be a mechanism of 

gene inactivation that could result in tumour progression and worse outcomes if it affects a 

DNA region encoding a tumour suppressor gene. A study assessed the impact of copy 

number loss and LOH including CNNLOH on levels of gene expression in oesophageal 

squamous cell carcinoma. The study demonstrated that 70% of LOH was CNNLOH and was 

found on every chromosome arm highlighting the abundance of this phenomenon. The 

authors demonstrated that LOH on chromosome 3p was mainly due to copy number loss. 

While, it was predominantly due to CNNLOH on other chromosomes including 9p. The gene 

expression analysis showed that CNNLOH can result in either increased or decreased 

expression levels of genes [Hu et al, 2010]. A similar study in ccRCC is required to correlate 

CNNLOH to gene expression.  

Within the limitation of a smaller number cases and a shorter follow-up period, the findings 

from the current experiment validate the findings of the previous experiment using FISH, 

confirming the impact of chromosome 9p loss, particularly CDKN2A loss, on survival. It 

demonstrates that the majority of cases had complete 9p deletion that could result in 

inactivation of multiple tumour suppressor genes involved in multiple pathways causing 

progression of ccRCC and leading to worsened prognosis.   
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8 Chapter VIII: General discussion 

Surgery remains the mainstay and only effective treatment for clinically localised renal cell 

carcinoma, however current prognostic factors used to guide adjuvant treatment and 

follow-up decisions often do not sufficiently discriminate between those patients who 

would likely benefit from immediate treatment and those whose treatment can be delayed 

or avoided completely.  The identification of non-metastatic patients at high risk for relapse 

and those who are likely to benefit from adjuvant therapy with specific molecularly targeted 

agents is a long-term goal identified by American Urological Association panel [Donat et al, 

2013]. Recurrence of disease following surgery remains unpredictable both in terms of site 

and time, although lungs remain the commonest site of metastasis.  The challenge faced by 

physicians and patients with this common cancer is to find better ways to characterise the 

risk posed by each cancer so that more appropriate treatment decisions can be made. 

Additional prognostic factors are, therefore, urgently needed to identify cancers unlikely to 

progress, especially among the high-risk population undergoing surgery. Similarly, the 

progression of small renal masses (<4cm) remains unpredictable. Follow-up imaging is not 

always reliable to predict the true natural history of these lesions. Hence, biomarkers are 

required to assess the natural history of untreated SRMs [Chawla et al, 2006, Klatte et al, 

2008].  

The discovery of molecular biomarkers for renal cancer has been hindered by the paucity of 

combined data on molecular subtypes and long-term follow-up in large cohort studies.  Part 

of the difficulty stems from the unpredictable natural history of renal cancer recurrences 

and lack of consensus on follow-up imaging protocols despite some nomograms reported in 

the literature. As a result, whereas many comprehensive genomic studies have defined 
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alterations in renal cancer genomes [Phillips et al, 2001], only a few have had sufficient 

clinical and outcome annotation to generate prognostic advances. The clinical cohort of 

post-surgical patients was collected here to help address these challenges.  

Also, for a prognostic biomarker to be used in making clinical management decisions, 

limitations related to analytic and clinical validity, clinical utility have to be fully understood. 

Therefore, McShane and colleagues emphasized the importance of improved and unified 

reporting strategies on biomarkers using the REMARK protocol to achieve better 

understanding and unify reporting [McShane et al, 2006]. Evaluation of Genomic 

Applications in Practice and Prevention (EGAPP) working group has defined three important 

terms related to genetic and other biomarkers research [Teutsch et al, 2009]. Firstly, 

analytic validity which refers to analytic accuracy, reliability, and reproducibility related to 

the marker assay or test; secondly, clinical validity which relates to the demonstration that a 

test has a suitably strong association with a clinical outcome; and finally, clinical utility 

implies that use of the biomarker test to direct patient care has been shown to result in a 

favourable balance of benefits to harm, leading to improved outcomes.  

The evidence for the chromosomal 9p status in renal cancer is emerging mainly focusing on 

its value in predicting clinical outcomes. However, several concerns regarding methodology 

of research, quality of reporting and its applicability in clinical practice were highlighted 

from the literature search. The systematic review of studies reporting on the prognostic 

significance of 9p deletion in RCC has shown that most of the studies were observational 

with a wide variety of molecular and conventional cytogenetic techniques employed. Most 

of the studies were in old series without a common protocol used. This led to a discrepancy 

in the outcomes and the quality of the studies reported. It was noted that 9p deletion status 
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in ccRCC, detected only by I-FISH, carried an independent prognostic effect on multivariate 

analysis in 3 studies. However, the criteria and cut-off values used to define deletion were 

different between the three studies [Brunelli et al, 2008, de Oliveira et al, 2014, La Rochelle 

et al, 2010]. In these studies, the effect of copy number neutral loss of heterozygosity 

(CNNLOH) was not reported or studied. These studies could detect either CNVs or LOH, but 

not both, due to the limitations of the molecular genetic techniques employed. The current 

commercially available SNP arrays have much-improved resolution than the previously used 

methods and can be used to detect CNVs and LOH simultaneously. 

In the current research, a cohort of patients with a prolonged period of follow-up exceeding 

eight years was studied. A pre-set protocol for FISH scoring was described and scoring was 

performed by two independent observers. Each tumour was represented by six cores and 

verified to be representative of a whole tissue section in 10 cases. The degree of inter-

observer agreement was good. However, the disadvantages of FISH, such as fading of 

signals, lack of consensus statement on cut-off values for deletion, limit its use in 

translational research and its validation in further studies. In the current study, in a serious 

attempt to bridge the gap between translational research and clinical application, we set a 

protocol for scoring that should be followed in future validation studies. The results, 

analytically and clinically, validated previous reports showing that tumours with 9p deletion, 

particularly at CDKN2A region, were associated with adverse histopathological features and 

worse prognosis. Chromosome 9p loss was an independent prognostic factor in multivariate 

analysis for RFS and DSS. The addition of 9p status increased the predictive accuracy of well-

established externally validated prognostic nomograms (SSIGN and Leibovich scores).   
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In this study, microsatellites analysis was used as a mean of validation of the somatic copy 

number loss of chromosome 9p (same coding region of CDKN2A corresponding to the LSI 

probe). 90% of chromosome 9p loss detected by FISH was either due to LOH or monosomy. 

Therefore, it was expected to validate these findings with microsatellites through extracting 

DNA from tumour tissue within the same block that was used to construct the TMA. The 

concordance between microsatellites and FISH was 61%. The sensitivity of microsatellites 

analysis to detect copy number loss LOH in reference to FISH was poor (30% - 6/20). Sixty 

percent of the loss of heterozygosity detected at CDKN2A coding region was copy number 

neutral. LOH at CDKN2A in the same cohort was an independent predictor of recurrence and 

cancer-specific death. 

Copy number loss assessed by FISH and allelic deletion assessed by microsatellites analysis 

at CDKN2A provided a strong predictor when combined for the same cohort of patients. 

Therefore, both techniques should be considered complimentary to assess copy number 

aberrations on chromosome 9p. The phenomenon of copy number neutral LOH represented 

60% of all LOH detected by microsatellites and could not be detected by FISH or the 

standard array CGH. Oncoscan™ SNP array provided this combined information, by giving a 

high-resolution array analysis to detect copy number aberrations in addition to the state of 

zygosity. Oncoscan™ SNP array can be employed on degraded DNA extracted from FFPE  

tissue blocks using molecular inversion technique which would be useful for future work to 

explore chromosomal aberrations burden within biorepositories and cohorts with longer 

follow-up to determine its prognostic power [Wang et al, 2012]. Another platform, which 

could be used, is TCGA database to assess LOH in combination with copy number aberration 

on chromosome 9p in datasets analysed by SNP array. Two recent validation studies [Gulati 
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et al, 2014, Hakimi et al, 2014] were undertaken using cases from TCGA dataset of SNP array 

and assessed the prognostic impact of somatic copy number loss of chromosome 9p 

(CDKN2A) besides other molecular and genetic prognostic markers in ccRCC. Loss of 9p was 

significant only in univariate analysis for cancer-specific survival but did not retain its 

significance in multivariate analysis. Limitations of these studies were that Loss of 

heterozygosity on chromosome 9p was not included in this analysis and follow-up period did 

not exceed five years (median 51 months). Additionally, TCGA dataset is limited by the 

challenges of intratumour heterogeneity and the possibility that obtaining multiple tumour 

biopsies may give more accurate and different biomarker information cannot be excluded. 

However, the clinical feasibility and cost of this approach remains quite challenging. Further 

studies using SNP array-based analysis with the adequate period of follow-up are required 

to validate the findings from the current study. 

In the current research, within the limitation of a small cohort, the array-based analysis has 

demonstrated that copy number loss of the whole chromosome 9p is a common event in 

ccRCC and is more common than a segmental loss. Chromosome 9p loss was associated 

with higher risk of cancer-specific mortality only in univariate analysis with the highest 

hazard ratio. However, it was the only significant prognostic factor in univariate analysis for 

recurrence-free survival ahead of pathological T stage, tumour necrosis and subsequently 

Leibovich score. Although these results go hand in hand with the findings of FISH and 

previous reports, they need to be taken with caution until a larger validation cohort is tested 

to allow a more accurate multivariate analysis. 

The immunohistochemistry proteins that were studied did not correlate with the copy 

number aberrations. However, some of the findings were interesting and mirrored findings 
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from previous studies, such as higher levels of expression of ADFP and CAIX in ccRCC 

compared to other subtypes of RCC. Low ADFP expression was associated with the most 

aggressive tumours (High Fuhrman grade 3/4). Also, the expression of proteins encoded by 

CDKN2A/B were less expressed in ccRCC compared to the normal control and the other 

subtypes of RCC. These findings can be explained by the aggressive potential of ccRCC 

compared to other subtypes.   

To date, this is the first study to assess the combined effect of copy number loss and loss of 

heterozygosity at 9p21 in ccRCC, particularly the coding region of CDKN2A, and its impact on 

prognosis in a cohort of patients with the longest follow-up period. Chromosome 9p 

harbours several TSGs, which when inactivated by copy number loss usually affecting the 

whole chromosome 9p as demonstrated by the analysis of the array-based data, play a 

crucial role in tumour progression. Inactivation of the CDKN2A gene results in down-

regulation of two important proteins involved in cell cycle regulation via two different 

pathways. Although less common than copy number aberrations, other mechanisms of 

inactivation of CDKN2A/B, such as methylation of the promoter region and intragenic 

mutations, were not studied in this research and could have resulted in the discrepancy 

between CNVs and protein expression studied by immunohistochemistry, and could play a 

role in tumour progression. A study reported 10% and 17% rate of hypermethylation of the 

promoter region of p16 and p14 in renal cancer respectively [Dulaimi et al, 2004]. However, 

the authors did not correlate the methylation status to gene expression or clinical 

outcomes. Another study assessed the rate of hypermethylation of p16 promoter region 

which was 22% [Vidaurreta et al, 2008]. None of the cases with this epigenetic change 

expressed p16 protein on immunohistochemistry. In addition, almost 50% of cases showed 
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no p16 expression (nuclear), indicating another genetic aberration or a post-transcriptional 

modification preventing p16 protein expression. The authors concluded from the survival 

analysis that inactivation by hypermethylation of p16 had a protective role from cancer 

specific death on multivariate analysis. However, the prognostic impact was not 

incorporated and tested within in a validated predictive model [Vidaurreta et al, 2008]. 

 Also Schraml et al. assessed for CDKN2A sequence alterations to detect intragenic 

mutations. In 13 out of 113 tumours (12%) studied, there was a deletion within exon 1 

involving 24 bp. This in-frame mutation would result in a truncation of 8 amino acids of 

CDKN2A. However, the authors did not study the effect of this in-frame mutation on levels 

of gene expression to establish its significance [Schraml et al, 2001]. Further studies are 

required to elucidate the rate of these genetic changes like CNVs and correlate them with 

gene expression and prognosis. This will help to determine if changes in gene expression 

might improve predictive accuracy. The field of gene expression has been explored in 

several studies to identify clusters of ccRCC with various molecular signatures resulting in 

different prognosis [Brannon et al, 2010, Zhao et al, 2006].  

Finally, it is noteworthy to mention that, while many recurrent mutations and CNVs do not 

improve predictive models, their associations with disease behaviour make them critical 

targets for drug development, and their impact on response to targeted therapies requires 

further investigation. 
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9 Chapter IX: Conclusion 

The current research has shown that copy number loss and LOH on chromosome 9p21 

involving CDKN2A region is associated with clinical recurrences and fatal cancer-specific 

outcomes over a broad spectrum of clinical presentations. The study provides important 

additional information to currently available predictive models by improving their predictive 

accuracy expressed by concordance index C. Moreover, in terms of clinical applicability of 

these findings it raises the possibility of better stratifying this group of patients for risk-

adapted follow-up and treatment.  

This was re-enforced by the subgroup analysis of locally advanced non-metastatic ccRCC 

(pT30N0) which showed a higher risk of cancer-specific death in tumours with 9p deletion. 

Future studies should explore this finding to ascertain the prognostic significance of copy 

number loss of 9p in this subgroup of patients, at highest risk of recurrence. This study also 

recommends the use of chromosome 9p deletion status as an inclusion criterion for 

recruitment of patients in adjuvant therapy trials.  

Also, future prospective studies could focus on assessing 9p status in clinically localised 

small renal masses by means of FISH or SNP array analysis as a biomarker to predict the 

aggressive behaviour of the tumour and importantly for patients, allow recommendation of 

early intervention versus active surveillance. 

In conclusion, the current research not only validates previous reports on chromosome 9p in 

ccRCC but it also had a more robust study design, in a large cohort with the longest follow-

up known worldwide to date. It highlights the role of chromosomal copy number aberration 

in predicting outcomes and taken together, the results from this study, promise to open 



235 

 

 

avenues that improve prognostic markers, and paves the way for further studies to explore 

the underlying mechanisms responsible for ccRCC progression. 

Although, it might be challenging due to cost and time required for a sufficient period of 

follow-up, the current research justifies the need to conduct a future prospective powered 

study, employing tumour mapping depending on tumour size to decide on the number of 

specimens needed to represent the whole tumour while minimising the effect of 

intratumour heterogeneity. Copy number loss and zygosity status should be assessed using 

SNP array-based analysis and being cross-validated with I-FISH. This cannot be done in 

isolation but must also assess epigenetic changes in the form of methylation of the 

promoter region. New generation sequencing (NGS) should be employed to assess for 

intragenic mutations at the least within the region of chromosome 9p. This should be 

complemented by gene expression assay to determine the biological effect of these genetic 

and epigenetic changes on the down-regulation of TSGs on chromosome 9p. All of which 

should be correlated to clinical outcomes of surgically treated renal cell carcinoma patients.  

However, any efforts to incorporate these aberrations should include the best predictive 

models, not simply a multivariate model including pathological stage and grade. 
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Appendix A 
 
STROBE checklist and signaling questionnaire used in the chromosome 9p studies in renal cell carcinoma modified by members of the 
Tayside Urological Cancers Network (TUCAN) 

DOMAIN: 1. PATIENT 
SELECTION   

2. DEFINITION OF 
THRESHOLD OF THE TEST 

3. USE OF VALIDATION 
TEST 

4. FLOW AND CLINICAL FOLLOW-
UP 

Signaling questions: 
(yes/no/unclear) 

Was a consecutive or 
random sample of 
patients enrolled? 
Yes, if this information 
was described in the 
article. 

If a threshold was used, 
was it pre-specified? 
Yes, if cut-off values were 
explained before data-
analysis  

Were the results confirmed 
by a second validation test?  
Yes, if a second test was 
applied to confirm the 
results 

Was there an appropriate clinical 
outcome/pathological outcome  
used in the study 
Not assessed 
 

Was a case-control 
design used? 
Yes, if a case-control 
design was used. 

 Were the validation results 
interpreted without 
knowledge of the results of 
the original test? 
Yes, if genetic technique 
results were interpreted 
without knowledge of the 
second validation test 
results. 

Did all patients receive genetic test?  
(Partial verification avoided?) 
Yes, if all patients received a 
genetic test. 

Did the study avoid 
inappropriate 
exclusions? 
Yes, if no sample was 
excluded based on 
clinical stage or grade 
of renal tumor  

  Did all patients receive the same 
validation test?  (Differential 
verification avoided?) 
Yes, if all patients the same 
validation test. 



 

 

   Were all patients included in the 
analysis?  
Yes, if all patients were included 
and no patients were reported as 
unclassified. 

Risk of bias:  
(high/low/unclear) 

Conclusion: Could the 
selection of patients 
have introduced bias? 

Conclusion: Could the 
conduct or interpretation 
of the genetic technique 
have introduced bias?       

Conclusion: Could the 
validation test, its conduct, 
or its interpretation have 
introduced bias? 

Conclusion: Could the patient 
flow/follow-up have introduced 
bias?  

Concerns regarding 
applicability: 
(high/low/unclear) 

1. Are there concerns 
that the included 
patients do not match 
the review question? 
Low, if results confirm 
that patients were 
included as defined by 
clinical stage of the 
disease. 

2A. Are there concerns 
that the genetic 
technique, its conduct, or 
interpretation differ from 
the review question? 
Low, if the genetic 
technique was performed 
to answer clinically 
relevant outcomes as 
defined in the review 
2B. Was one threshold 
used, or in case the results 
can fall in between two 
thresholds (and is 
inconclusive).   
Yes if one of these 
situations was true. 

3. Are there concerns that 
the target condition as 
defined by the genetic 
technique does not match 
the review question?  
Low, if the genetic 
technique of chromosomal 
9p status did match stage 
and grade of the disease. 

Additional question 1: 4A. Are there 
concerns about the sample size of 
the cohort?  
Low, if the cohort was selected with 
the proper statistical power to 
answer clinically relevant outcome. 
  
Additional question 2: 4B. Are there 
concerns about the tissue samples 
used for genetic technique? 
Low, if the tissue samples were 
obtained before the more invasive 
and potentially harmful procedure 
such as radical nephrectomy.  



 

 

Appendix B  

Fluorescence In-Situ Hybridisation (FISH) 

1. SOP NGLSM060: Pre-treatment of formalin-fixed paraffin-embedded tissue 

sections in preparation for FISH 

2. SOP NGLSM001: Slide preparation for fluorescence in-situ hybridisation 

3. SOP NGLSM002: FISH probe preparation and hybridisation 

4. SOP NGLSM003: FISH post-hybridisation washes and detection



 

 

Appendix C 

DNA extraction protocols 

1. DNA extraction using QIAamp® DNA FFPE Tissue Kit for Oncoscan™ array 

2. SOP MGM097: Extraction of DNA from formalin-fixed paraffin embedded tissue 

using QiaGen EZ1 BioRobot workstation for microsatelittes analysis 

 



 

 

Appendix D 

Array-Comparative Genomic Hybridisation protocols 

1. SOP NLGSM077: purification of genomic DNA prior to array analysis using the 

QiaGen QiaAmp kit 

2. SOP NLGSM098: Array-CGH Cytochip Oligo labelling 

3. SOP NLGSM099: Array-CGH Oligo hybridisation 

4. SOP NLGSM100: Array-CGH Cytochip Oligo washing 

5. SOP NLGSM119: Array-CGH scanning 



 

 

Appendix E 

Single Nucleotide Polymorphism checks for microsatellite primers 



 

 

Appendix F 

BioMed QC results for DNA extracted from formalin-fixed paraffin-embedded tissue 



 

 

Appendix G 

Oncoscan™ FFPE assay kit analysis 

Birmingham Women’s Hospital Genetics Laboratory 
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Publications and presentations 

1. “Microsatellite alteration and immunohistochemical expression profile of 

chromosome 9p21 in patients with sporadic renal cell carcinoma following surgical 

resection” Accepted for publication in BioMed Central Cancer on April 1st, 2016 – in 

press 

2. “Chromosome 9p deletion in clear cell renal cell carcinoma predicts recurrence and 

survival following surgery” British Journal of Cancer. 2014 Sep 23;111(7):1381-90. 

PMID: 25137021 

3. “Significance of chromosome 9p status in renal cell carcinoma: a systematic review 

and quality of the reported studies” Biomed Res Int. 2014;2014:521380. 

PMID:24877109 

4. “Tissue microarray (TMA) and 9p cytogenetic analyses of clear cell renal carcinoma: 

the need for consensus agreement in FISH scoring criteria to avoid erroneous 

interpretations” Poster presentation in European cytogenetics meeting – Dublin – 

June 2013 

5. “Prognostic significance of chromosome 9p deletion in clear cell RCC” Poster 

presentation in BAUS annual meeting – Manchester – June 2013 
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