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Summary

Ovarian cancer is the fifth most common cancer in women and the most frequent cause 

o f  gynaecological malignancy-related mortality in women. The vast majority present in 

advanced stages and this is due to lack o f  a reliable screening test and the vagueness o f  

symptoms. Acquired resistance to further chemotherapy is generally responsible for 

treatment failure. Currently, no standardized reliable screening test exists. Pelvic 

examination is practiced widely, but it is not sensitive enough to be used as a reliable 

screening tool. There is a need for reliable diagnostic and prognostic markers for this 

disease. M icroRNA profiling has allowed the identification o f signatures associated 

with diagnosis, prognosis and response to treatment o f human tumours. Furthermore a 

novel biomarker Human epididymis protein 4 (HE4) has been recently demonstrated to 

be a sensitive and specific serum biomarker for ovarian cancer that is elevated less 

frequently by benign conditions that occur in premenopausal women.

The aim o f the study were to perform an epidemiological analysis o f the Discovary 

Bioresource and to profile microRNAs from serum/blood o f patients undergoing 

surgery for ovarian disease to determine if  microRNAs have the potential to be used as 

diagnostic or prognostic markers in ovarian cancer. Another aim was to evaluate the 

utility o f  HE4 as a diagnostic and prognostic marker o f ovarian cancer in 

premenopausal and postmenopausal women.

Epidemiological analysis was carried out and results were compared with the national 

and international figures. RNA extraction from serum/ blood was optimised using a 

modified TRI Reagent ® RT-Blood protocol. Profiling was performed using the 

TaqM an® array MicroRNA cards. A training set o f 10 serous papillary ovarian 

adenocarcinomas and 10 benign serous cystadenomas have been analysed.

Initial analysis has yielded a panel o f microRNAs expressed in a percentage o f the 

malignant cases and not in any o f  benign cases. Validation o f microRNAs identified in 

the pilot study using individual assays was performed on a larger sample population did 

not correspond to the pilot study therefore they are not suitable biomarkers to be used to 

distinguish between benign and malignant ovarian disease. As the results o f the study



using this platform were not reproducible and it was decided to use an alternative 

platform (Exiqon). Using the Exiqon platform four microRNAs, let-7i-5p, miR-122, 

miR-152-5p and miR-25-3p were significantly differentially expressed between the 

malignant and benign samples. These microRNAs are involved in numerous pathways 

such as WNT signaling, AKT/mTOR and TLR-4/MyD88.

To evaluate HE4 as a potential marker for ovarian cancer serum was collected before 

surgery for ovarian cancer and benign ovarian disease. A Risk o f Ovarian M alignancy 

Algorithm (ROMA), which combines the result o f  HE4 and CA125, was calculated for 

premenopausal and postmenopausal women using Fujirebio kits. The sensitivity and 

specificity o f Fujirebio ROMA CA125 was compared with the current gold standard 

Roche CA125. We found that the combination o f  HE4 and CA125 in the ROMA index 

increased the sensitivity and specificity o f  detecting ovarian cancer. HE4 alone is more 

specific than CA125. Significant decreases in HE4 were observed in the majority o f 

patients in the postoperative setting and throughout chemotherapy. However, in a 

minority o f cases HE4 values did not decrease and these women went on to develop 

progressive/chemo-resistant disease.

In conclusion, this study showed four statistically significantly differentially expressed 

microRNAs between the malignant and benign samples. Also HE4 increases the 

specificity o f ovarian cancer detection and in combination with CA125 the overall 

specificity o f detecting ovarian cancer is improved. HE4 also holds promise as a 

prognostic marker in the postoperative setting and for monitoring response to 

chemotherapy.
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Chapter 1 

Introduction



1.1 Cancer

The body is made up o f  several types o f cells. Normally, these cells follow a controlled 

and orderly way o f growth, division, and death. W hen cells become old or damaged 

within an organ they die and are replaced with new cells. This growth occurs in a 

complex way and it is a tightly regulated process. However, for one reason this process 

might break down, and damaged cells lose control, escape the normal restraints 

required in normal cell cycle and multiply in uncontrolled manner and cancer forms. 

This abnormal growth o f cells is irreversible and persists even after cessation o f the 

stimuli, which in most cases might not be known (1).

1.2 Benign versus Malignant

Tumours can be classified according to their behaviour into two major groups: benign 

and malignant. Benign tumours arise as localized and encapsulated overgrowths, which 

push the surrounding normal tissues away in the area o f their origin. They tend to 

remain localized and do not penetrate adjacent tissues or lymphatic or vascular spaces 

to cause metastasis. Malignant tumours or cancer as they are genetically known grow 

by means o f infiltration deeply into surrounding tissues. They have the capacity to 

invade distant structures, where new malignant cells grow and form secondary deposits.

1.3 Cancer and the cell cycle

Cell cycle is essential in the body to replace cells, which have been lost by programmed 

or un-programmed cell death. The cell cycle divides into four discrete phases; M phase, 

G1 phase, S phase, and G2 phase. The most dramatic stage o f the cell cycle is the M 

phase. M is the stage which corresponds to mitosis, which is followed by cytokinesis. 

This phase is followed by G1 phase (gap 1), which is the period from the end o f 

previous M phase until the beginning o f DNA synthesis. During this phase, the cell is 

metabolically active and growing continuously without replicating its DNA. G1 is 

followed by S phase (synthesis), during which DNA replication occurs. This phase is 

followed by the G2 phase (gap 2), during which cell growth continues and produce 

proteins necessary for DNA synthesis. Cells in G1 can pause their progress and enter 

GO phase (G zero phase) if the growth factors are not appropriate. At this stage they can 

stay quiescent for indefinite periods o f time before resuming proliferation (1).
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M phase

G2 phase G1 phase

GO

S phase Quiescence

Figure 1.1 cell cycle

The cell cycle is a highly regulated process, during which events are coordinated with 

one another so that they occur in the appropriate order. This coordination is dependent 

on a system o f checkpoints that are set at various stages o f  cell cycle ( I , 2). The 

checkpoints prevent entry into the next phase o f  the cell cycle until the events o f the 

preceding phase have been completed (1).

Several checkpoints function to ensure that damaged or incomplete DNA is not passed 

on to daughter cells. Two major control points exist, one towards the end o f  G l, which 

is also known as restriction point is a rate-limiting step in the cell cycle and the other 

one at the initiation o f mitosis. An abnormality in a cell’s regulatory mechanisms 

results in uncontrolled growth and reproduction o f  the cell eventually forming a new 

growth, known as tumour or neoplasia. W illis in 1952, defined cancer as an “abnormal 

mass o f tissue, the growth o f which exceeds and is uncoordinated with that o f the 

normal tissues and persists in the same excessive manner after cessation o f the stimuli 

which evoked the change” .

1.4 Carcinogenesis

Carcinogenesis is defined as the process by which normal cells are changed into cancer 

cells. It is a multistep process; normal cells undergo accumulative genetic alteration, 

which lead to genetic instability and development o f cancer. It might occur as a result
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o f single chromosomal translocation however, in most cancers more than one factor are 

involved. Carcinogenesis is usually initiated by factors such as environment, viruses 

and genetic predisposition.

Normal cells

CiennUixU' in/ur\' p^orn e.xpnxu re Ut , i ; e i t< > t< K X U '  or
from randt>m errors in DNA replu ation

Sonie iiorniiil ceils are converted to pre-cancerous cells

(iernnoxii- injury {t>r in furies) front exposure to K*'not<fXif 
agents or from  random errors in 1>N.\ repliiation

Kxposures to "epifrenetic” injluences'.’ '

\  pre-ciiiicerou.s cell is converted to a cancer cell

Time
Exposures to ”epinenetie " influem e s / '/

\  cancer de\elo|>.s fr»>in the cancer cell
® J E M o u l d ® t / 0 *

Figure 1.2 carcinogenesis 

(JE M oulder 04)

1.5 The hallmarks o f cancer

Normal cells grow and divide, and only grow when stimulated by growth factors. 

However, when they are damaged, normal cells stop dividing until they are repaired. If 

they cannot be repaired they will undergo apoptosis. Cancer cells have defects in the 

control mechanisms that guide normal cell proliferation and homeostasis (3). The 

underlying principles o f complexity o f cancer have been suggested to be due to six 

distinctive regulatory circuits. These traits, which control the transformation o f normal 

cells to malignant cells, are called hallmarks. These biological capabilities acquired 

during the multistep development o f human tumours are thought to be shared in 

common by most or all types o f  human cancers (4). The hallmarks include:

1.5.1 Self-sufficiency in growth signals.
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1.5.2 Insensitivity to anti-growth signals.

1.5.3 Evading apoptosis.

1.5.4 Limitless replicative potential.

1.5.5 Sustained angiogenesis.

1.5.6 Tissue invasion and metastasis.

L im itle s s  re p lic a tiv e  
p o te n tia l

T is s u e  in v a s io n  
& m e ta s ta s is

S u s ta in e d
a n g io g e n e s is

In se n s itiv ity  to  
a n ti-g ro w th  s ig n a ls

S e lf-su ff ic ie n c y  in 
g ro w th  s ig n a ls

E v ad in g
a p o p to s i s

Figure 1.3 acquired capabilities of Cancer 

(Douglas Hanahan* and Robert A. W einbergf)

1.5.1 Self-sufficiency in growth signals

Normal cells require mitogenic growth signals (GS) in order to divide and move from 

quiescent to an active proliferative state. These signals are transmitted into the cell 

through transmembrane receptors, bound to distinctive classes o f  signaling molecules, 

such as diffijsible growth factors, extracellular matrix components and cell-cell 

adhesion molecules. Acquired GS autonomy was clearly defined by researchers as the
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first o f the six capabilities due to the prevalence o f dominant oncogenes that have been 

found to modulate it (3).

It has been found that the cell surface receptors, which transduce growth-stimulatory 

signals inside the cell, are themselves targets o f deregulation during carcinogenesis. 

The overexpression o f receptors might render the cancer cell hyperresponsive to 

ambient levels o f growth factors (GF), which would not normally trigger proliferation. 

Moreover, this gross overexpression o f GF receptors can elicit ligand-independent 

signaling, which can also happen through structural alteration o f receptors (4, 5). 

Cancer cells have the capability to switch extracellular matrix receptors to transmit 

progrowth signals. Physically these heterodimeric cell surface receptors link cells to 

extracellular matrix (ECM). The successful binding to specific moieties o f the ECM 

enables signal transduction into the cytoplasm. Failure o f  integrins to maintain these 

extracellular links can lead to impairment o f  cell motility, apoptosis, or cause ceil cycle 

arrest (6).

1.5.2 Insensitivity to anti-growth signals

A number o f anti-proliferative signals work in normal cells to maintain tissue 

homeostasis. These include growth inhibitors in the extracellular matrix and on the 

surfaces o f the cells nearby. These signals act on the cell cycle clock and disturb the 

cell division in the interphase. Cancer cells, which are resistant to growth inhibitors 

have the ability to evade these antiproliferative signals. At the end the signals are 

filtered through the downstream retinoblastoma protein (pRB) (7).

1.5.3 Evading apoptosis

Cancer cells are capable o f bypassing apoptosis-programmed cell death, which can be 

triggered by an overexpressed oncogene. This acquired resistance towards apoptosis is 

a hallmark o f all types o f cancers. The p53 tumour suppressor gene initiates apoptosis 

in response to DNA damage. Mutation o f  this protein is seen in more than 50% o f 

cancers, including ovarian cancer and this results in the removal o f the main element o f 

DNA damage that can induce the apoptotic cascade (8).
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1.5.4 Limitless replicative potential

For a clone o f cells to be able to generate a vast cell population that constitute 

macroscopic tumour, the cell intrinsic program needs to be deregulated. Telomere 

maintenance, which occurs at a length above a critical threshold, is crucial to this and is 

evident in all types o f cancers (9).

1.5.5 Sustained angiogenesis

Cancer cells have the ability to start angiogenesis, ensuring that such cells receive a 

continual supply o f oxygen and other nutrients. This process is needed for a tumour to 

get larger than 1mm (10). It seems that the ability o f cancer cells to induce and sustain 

angiogenesis is acquired in a discrete step through an angiogenic switch. Angiogenesis 

is controlled by positive and negative signals (11).

1.5.6 Tissue invasion and metastasis

Invasion and metastasis are complex processes. Little is known about their genetic and 

biochemical detenninants. Invasion reflects the capability o f tumour cells to separate 

and spread within the tissue o f  origin while metastasis means cancer cells travel beyond 

the tissue o f origin. Metastasis is the most lethal aspect o f cancer and is responsible for 

90% o f human cancer deaths (12). Invasion and metastasis are both related to cell 

mobility rather than proliferation which is responsible for carcinogenesis but not the 

metastatic behavior. Recent results suggest the possibility that the process o f self- 

seeding may underlie important features o f cancer. These include high cell density, 

multifocality, invasion, amplified growth rate, enlarged cell-population size, and the 

capacity to spread to and reproduce these features in distant organ sites (13).

The conceptual progress in research suggests that two emerging hallmarks o f cancer are 

involved in the pathogenesis o f  some and possibly all types o f  cancers (14). These 

include the ability o f  tumour cells to modify, or reprogram, cellular metabolism in order 

to most effectively support neoplastic proliferation. The second hallmark is evading the 

immune destruction by T and B lymphocytes, macrophages, and natural killer cells. 

These hallmarks labelled as emerging because neither o f  them are generalised yet or 

fully validated. In addition, two consequential criteria o f  neoplasia facilitate acquisition 

o f core and emerging hallmarks. These are genomic instability and inflammation by
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innate immune cells. Generally cancer cells have severe chromosomal abnormalities, 

which worsen as the disease progresses. The inflammation caused by these innate cells, 

which are supposed to fight infections and heal wounds can result in their inadvertent 

support o f multiple hallmark abilities, therefore manifesting the now widely appreciated 

tumour-promoting consequences o f inflammatory responses. Understanding o f the 

widespread application o f these concepts will have a great influence on the 

development o f  new means to treat human cancer (14).

Emerging Hallmarks y
Deregulating cellular 

energetics

G enom e instability 
and mutation

Avoiding immune 
destruction

Tunw-promoting
inflammation

-(Enabling Characteristic^

Figure 1.4 Emerging Hallmarks and Enabling Characteristics 

(Hanahan and W einberg, Cell, 2011)
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1.6 Gynaecological Cancers

Gynaecological cancers are cancers o f the female reproductive tract. These include 

cervical cancer, endometrial cancer, and ovarian cancer and fallopian tube cancers. 

Ovarian cancer is the most lethal gynaecological malignancy.

Uterus Fallopian tube

Ovary
Cervix

Vagina

Figure 1.5 Female reproductive Tract 

(xpertminds.wordpress.com)
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1.7 Ovarian cancer

Figure 1.6 Ovarian Cancer 

(topissues21.blogspot.com)

Ovarian cancer (Figure 1.6) is a significant cause o f morbidity and mortality in women, 

and is the leading cause o f death from gynaecological cancer. Ovarian cancer represents 

a major challenge in gynaecologic oncology due to two important reasons. First, the 

histology o f the tissue o f origin for this cancer is obscure and second, no identifiable 

premalignant lesion is recognised yet by cancer pathologists (15). The majority o f 

ovarian cancers are diagnosed at an advanced stage and this is due to lack o f a reliable 

screening test and the vagueness o f  symptoms. Disease progression is due to loco 

regional peritoneal metastasis rather than due to visceral metastatic disease (16).

1.8 Epidemiology

Ovarian cancer is the fifth most common cause o f cancer death in women, and it is the 

leading cause o f death from gynecologic cancers in the western world (17). According
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to NRCI in 2011, there were 315 new cases o f ovarian cancer in Ireland (3% o f  all 

female invasive cancers, 7th most common) and 269 deaths (7% o f all female cancer 

deaths). The incidence rates o f the disease vary significantly across different regions 

with world age-standardised rates in more developed areas being almost twice as high 

as those in less developed countries. In 2008, the estimated world age-standardized 

incidence rate for the more developed regions o f  the world was 9 per 100,000 and 5 per

100,000 for the less developed countries (18).

In Europe, the incidence o f ovarian cancer varies by around 40% across the four 

regions o f Europe, with estimated European age-standardized rates ranging from 12 per

100,000 women in Southern Europe to 17 per 100,000 in Northern Europe in 2008 (19). 

Figure 1.7 shows the countries with the highest incidence rates were Latvia and 

Lithuania, Bulgaria and Ireland and the lowest were Cyprus and Portugal (around 7 per 

100,000). The mortality rates ranged from 5 to 12 deaths per 100,000 women per year. 

Ireland’s mortality rate was the highest in Europe (20).

Ireland 
Latvia 

Lithuania 
Czech Republic  

United  Kingdom 
Poland  

D e n m ark  
Norway 
Bulgaria 

L uxem b o u rg  
Estonia 

Slovakia 
Malta 

Slovenia  
Hungary  

G e rm a n y  
S w e d e n  

E u r o p ea n  Union (27)  
Belgium 
Finland 
G r e e c e  

Romania  
Aust ria  

Switzerland 
Iceland 

The N e th e r la n d s  
Italy 

F rance  
Spain 

Cyprus  
Por tugal

I Mortali ty  

I Inc id en ce

25 20  I S  10  5 0  5 10  15
a g e - s ta n d a rd i s e d  r a t e  p e r  1 0 0 ,0 0 0  p e r  y e a r

Figure 1.7 Estimated incidence and mortality for ovarian cancer, 2008 

National Cancer Registry 2012
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The highest incidence rates for ovarian rates were recorded in Northern, Central and 

Eastern Europe, followed by Western Europe and the Northern America, while the 

lowest rates in Africa and parts o f Asia. Over 65,000 cases were estimated to be 

diagnosed in Europe in 2008 (45,000 in the EU27) and more than 21,500 in the USA 

( 18).

In Europe five year relative survival o f  ovarian cancer patients was 36% overall for 

patients diagnosed between 2000 and 2003 and was 44% in the US for patients 

diagnosed over the period o f seven years from 2001 to 2008 as displayed in Figure 1.8. 

Ireland was amongst those countries with the poorest survival rates close to those for 

England and Scotland; however, it remains lower than survival rates for Northern 

Ireland. The highest relative sui'vival rates in Europe were found in Scandinavia 

(Finland, Sweden and Norway), Austria and Switzerland (20).

Austria 
Unland 

Switzerland 
Sweden 
Norway 

N etherlands 
Germany 

Czech Republic 
Poland 

Spatn 
Itaty 

Siove nia 
Northern Ireland 

Wales 
Scotland 
England 
Ireland 

Slovakia 
European average 

USA*

O 20 40  bU
relative &ur /̂tval at S year«

Figure 1.8 Five-year relative survival for ovarian cancers 

(period analysis 2000-2003)

National Cancer Registry 2012
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1.9 Ovarian cancer in Ireland

1.9.1 Incidence of ovarian cancer in Ireland

According to the National Cancer Registry Ireland (NCRI), ovarian cancer was the 

fourth most common cancer for women in Ireland between 1994 and 2010 with an 

average o f  376 cases diagnosed every year (Table 1.1). O f these, 55 cases per year, 

were categorized as “borderline tumours” ; cancers which were, until recently, regarded 

as invasive but are now recognized as a distinct group, with low malignant potential 

(20) .

Table 1.1 Annual average numbers of ovarian cancers by tumour category and 

histological type in Ireland, 1994-2010 National Cancer Irish Registry

invasivo bordoilind
total cases 321 55 
histologically diagnosed 281(88%) 55(99%) 
cancer tvoes: annual average [% of total): histoloeicaNv confirmed
serous 97 (35%) 16(29%)
muctnous 31(11%) 28(50%)
endometrioid 25 (9%) 2 (4%)
deer cell 13(5%) O (0%)
other epitt>elial* 78 (28%) 1(2%)
gemi cell 5(2%) 2 (4%)
gonadal 3(1%) 5(10%)
sarcoma 1(<1%) <1(<1%)
other/unspecrfied 27(10%) 1(2%)
* mostly unspecified adenocarcinomas (93%) with a small nomber of 
squamous ceil and other celJ types

Nearly one third o f  both invasive and borderline cancers were serous tumour types. 

50% o f all borderline cancers were mucinous tumours, however, these represented just 

11% o f invasive cancers. Over a quarter o f  all epithelial tumours were unspecified 

adenocarcinomas. 14% o f  borderline tumours were non-epithelial cancer types, 

compared to 4% o f invasive cancers. The main non-epithelial cancers were germ-cell 

and gonadal (sex cord-stromal) tumours (20).

Approximately, 25% o f all invasive ovarian cancers were diagnosed in women aged 75 

or over, over a third in women aged between 60 and 74 and less than 20% in women 

aged under 50 (Figure 1.9). Borderline ovarian cancers affected women o f younger age 

group, half o f  all cases were diagnosed in women aged younger than 50. 15% o f  which
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were diagnosed in women younger than 30 years. Just 7% o f borderline cancers were 

diagnosed in women aged over 75 (20).

Over the 17 year period, 1994-2010, the age-standardised incidence rates for invasive 

ovarian cancer ranged from 15 to 19 cases per 100,000 women per annum with a slight 

decline in incidence rates during this period. During 2003-2010, a further fall in 

incidence rates was observed, with a peak o f 19.4 cases per 100,000 was recorded in 

2003 to 14.5 cases per 100,000 annually in 2010. However, there was a slight increase 

in overall incidence o f borderline tumours during this period. M ortality rates have 

remained stable over time, ranging between 11 and 14 deaths per 100,000 women per 

year (Figure 1.10) (20).

3D-49

invasive borderline

Figure 1.9 Age distribution of ovarian cancer 
National Cancer Registry 2012
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Figure 1.10 Trends in ovarian cancer incidence and mortality rates,
1994-2010 

National Cancer Registry 2012

There was a statistically significant change in the overall national incidence rates o f 

invasive ovarian cancer with the incidence being highest in the HSE-South and lowest 

in the HSE Dublin-North East regions. A little difference in incidence rates for 

borderline cancers was observed between the regions but HSE Dublin & Mid Leinster 

had the highest incidence (Table 1.2) (20).

Table 1.2 Incidence rates of ovarian cancer (cases per 100,000 per year) (95%  

confidence Interval range) By HSE regions in 1994-2010 (NCRI)

Dublin- Mid Leinster 
Dublin- North E ast 
South 
West
Ireland overall

invasive
16.2 (15.4-17.0j 
14.6 (13.7-15.5J 
17.8(16.9-18.7)
16.3 (15M7.2) 
16.3(15.9-16.8)

borderline
3.4 (3.0-3.8) 
2.6(22-3.0] 
2.6(22-2.9) 
2.6(23-3.0) 
2.9(27-3.1)

Around 20% o f  all invasive ovarian cancers were at stage I, between 9% and 12% were 

at stage II and 15% were o f unknown stage at diagnosis (Figure 1.11). The percentage 

o f women diagnosed at stage III increased from 18% to almost 30% over the 4-year 

period, 1994-1998, with a decline in the num ber o f  patients presenting at stage IV
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during the same period. Borderline tumours constituted between 11% and 16% of all 

ovarian cancers diagnosed annually with little obvious change observed over time (20).

Stage 1

■4*oC Stage II
Bv>

Stage III
£
£

Stage IV

unknown

0%

1 1 9 9 4 - 1 9 9 8

1 1 9 9 5 - 2 0 0 3  

I  2 0 0 4 - 2 0 0 9

10% 2 0 K  3 0 %

94 of cas«s
40% 5 0 %

Figure 1.11 Percentage of invasive ovarian cancers by stage 1994-2009
(NCRI 2012)

During 2004-2009, the highest proportion o f tumors diagnosed in women aged under 

30 was borderline invasive tumors and this representing 40% o f all ovarian cancers in 

this group. The proportion o f un-staged tumors in the under 30’s group was nearly half 

o f the invasive tumors compared to less than 12% of un-staged invasive tumors for 

women aged between 30 and 74 and almost one-quarter for women aged 75 as 

displayed in Figure 1.12 (20).

|in vas-ive Stage MV ■  ir>vasive>un known stage i b o r d e r l i n e

100%

ao^

60^

4 0 ‘9C

20%

< 3 0 30-49 SO-59 60-74

age group at <Jlagnos»

Figure 1.12 Variation in the proportion of staged invasive and borderline 
Ovarian cancers by age: 2004-2009 

National Cancer Registry 2012
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More than 60% o f  all women aged 50 and over were stage III and IV when diagnosed 

and nearly 20%> o f women aged 30 and under were stage IV when diagnosed (Figure

Figure 1.13 Variation in tumour stage by age group at diagnosis: 
All staged tumours, 2004-2009 
National Cancer Registry 2012

Recently, one study analyzed survival in ovarian cancer according to the stage at 

presentation in Australia, Canada, Denmark, Norway, and the UK during 2004-2007. 

The aim o f the study was to investigate the role o f  stage at diagnosis in international 

differences in ovarian cancer survival.

In this work the data was obtained from population-based cancer registries in those 

countries. Results showed that one-year survival was 69%> in the UK, 72% in Denmark 

and 74-75% elsewhere. In Denmark, 74% o f  patients were diagnosed with FIGO stages 

III-IV  disease, compared to 69.8% and 63.9% in Norway and UK respectively. 

International differences in survival were obvious at each stage o f disease; women in 

the UK had lower survival than in the other four countries for patients with FIGO 

stages III-IV  disease (61.4% vs. 65.8-74.4% ) (21).

In Ireland, during 2004-2009 just over 20% o f  all invasive ovarian cancers were 

diagnosed at stage I, which is comparable to the percentage o f  early stage cancers in 

Norway and the UK (21% and 22% respectively). The percentage o f  women diagnosed 

at stage III-IV was almost 55% over the 5-year period. There has been little change in 

ovarian cancer survival in Ireland since 1994-1997, with 5-year survival at <40%. Over 

80% o f women aged under 30 survived for a minimum o f 3 years after their diagnosis.

1.13) (20).

■  Stage I ■  S ta g e  II ■  Sta<ge ll I ■  S tage IV

8 0 %

ioo%

^ e  graup at diagnosis 
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however, only one-third o f patients aged 60 or over were still alive 3 years post 

diagnosis (20).

Ireland has the highest mortality in Europe, however, the percentage o f  women 

presented at advanced stage is lower than other European countries. Perhaps women 

diagnosed with advanced disease in countries other than Ireland are referred to cancer 

centers and operated on by expert gynaecologists.

1.9.2 Ovarian cancer survival in Ireland

There has been little change in ovarian cancer survival in Ireland since 1994-1997, with 

5 year survival at <40%. Over 80% o f  women aged under 30 survived for a minimum 

o f 3 years after their diagnosis, however, only one-third o f patients aged 60 or over 

were still alive 3 years post diagnosis (Table 1.3) (20).

Table 1.3 Percent of all patients diagnosed with invasive ovarian cancer between 

1994 and 2007 that survived a minimum of 3 years post diagnosis, by age group 

(NCRI)

<30 3W9 m
S3(i 5o''i S'i' w w / '

15+
m k l .

1.10 Aetiology and risk factors

The aetiology o f  ovarian cancer is multifactorial. Various associations between 

environmental, factors and development o f the disease have been reported (22) . The 

effects o f genetic and hormonal factors on the risk o f ovarian cancer have also been 

documented and summarized. The ovary is surrounded by surface epithelium which has 

the potential to differentiate into a number o f  different cell types (23). Ovarian cancer is 

thought to occur as a result o f  transformation o f the surface epithelium (24), although
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recent studies have postulated that ovarian cancer might have developed in the fallopian 

tube and metastasized (25-27). Two major theories, the incessant ovulation (28) and the 

gonadotropin hypotheses (29) have been proposed to explain the development o f the 

disease.

Ovulation is associated with destruction o f  germinal epithelium and the activation o f 

cellular repair mechanisms (30). Repeated ovulation might provide an opportunity for 

somatic gene deletions and mutations to occur. This in turn can participate in the 

process o f tumour initiation and progression (30). Also, inclusion cysts form during 

ovulation and it is thought that ovarian cancer may develop from epithelium trapped 

within these inclusion cysts (31).

The gonadotropin hypothesis postulates that, when the levels o f the ovarian hormones 

decline around menopause, it stimulates production o f gonadotropin; follicle 

stimulating hormone and luteinizing hormone which acts to increase the amount o f 

estrogen present, which in turn acts as a growth factor on the ovaries and increases the 

risk o f the disease (29, 31).

Two additional hypotheses have been reported concerning epidemiology o f  the disease. 

The first one is the hormonal Stimulation, where high levels o f  androgens promote 

carcinogenesis, while progestins decrease risk. Another hypothesis is the inflammation 

theory, where damage o f the epithelium by ovulation induces inflammation which 

promotes reconstruction and enhances mutagenic potential (23).

Several factors (Table 1.4) are thought to be associated with increased risk o f  ovarian 

cancer including decreased parity, null-parity and family history o f  breast or ovarian 

cancer (20, 32).
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Table 1.4 Risk factors for ovarian cancer, by direction of association and 

strength of evidence (NCRI)

Increases risk Decreases risk
Tubal ligation orhysterKtniiYwithovanar

^  U.Mconservation
-  ,  .  4,15,1417Oralcontraceptiyes

Comindng or probable Family histofy of w arianancer* '’

PossMe

Nulliparity
Hormone replacement tlwrapy^^* 
Heigtit/tallrKss’
Tobacco sm o ld n ^
Asbestos'®

3iUFertlity drugs 
Greater body fatness*'*^

II
Breastfeeding 
Non-starchy vegetables^** 
Physical activity^

'  o ne  o r m are first degree relative[s) w ith cancer o f th e  ovary; ’ Stratton e t al., 199B; ’ Ness e t a!., 2 0 0 2 ; ' |H rtkularty oestrogen- 
only formulations; ’ Pearce e t  aL, 2 0 0 9 ; ' Internatioflal Agency for Research on Cancerj 201 1 a ;'  Schouten e t al., 2 0 0 8 ; ' associated 
with mucinous tum ours o n ly ;'  Secretan e t al., 2 0 0 9 ; Straif e t  a!., 2009; “  W hittem w e e t al., 1992; “  Lahmann e t al., 2010;
”  surgical procedure involving cutting o r b lo d in f  a w om an's fallopian tubes; '* Cibula e t a!., 2011; com bined oestrogen- 
progestogen fo rm ulations;"  Collaborative Group, 200S; ”  cibula e t  al., 2010; “  ip e t  al., 2009; ”  includes broccoli, cabbage, 
carrots, cauliDower, celery, leeks, lettuce, onions, peas, peppers and spinach; *  World Cancer Research Fund /  American Institute of 
Can«rResearchj2007^^|ds«|irt£^200^^^_^^^^^^_^^^^^_^^^^^^^^^^^^^^_^

Several epidemiological studies have documented an increased relative risk o f ovarian 

cancer associated with a family history of the disease. Three hereditary ovarian cancer 

syndromes have been described, where family members are at increased risk of 

developing ovarian cancer (33).

Site-specific ovarian cancer; the disease is expressed in multiple female members o f the 

genetic lineage, along with the presence of highly penetrant autosomal dominant gene.

Hereditary breast-ovarian cancer syndrome. This form is most often associated with 

germline mutations in the BRCAl and BRCA2 genes. BRCAl gene is located on 

chromosome 17 and is responsible approximately for 5 per cent o f ovarian cancers in 

women under 40 years of age (30, 33). Despite the fact that the estimated risk of 

developing the disease is 82 per cent by the age of 70, most carriers do not develop 

both diseases. Therefore the penetrance for development of the ovarian cancer is lower 

at 42 per cent (33). Mutations in BRCA2 gene located on chromosome 13 occur less 

commonly and it also increase the risk o f ovarian cancer in carriers (30, 33). Salpingo-
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oophorectomy is a prophylactic surgery offered to women known to carry BR CA l/2 

mutations to reduce the risk o f  developing ovarian cancer (34-36), however it is not 

opted for universally due to the subsequent premature menopause and infertility (37). 

Lynch syndrome II (hereditary non-polyposis colon cancer, HNPCC). The HNPCC 

syndrome involves a combination o f familial colon cancer and a high rate o f ovarian, 

endometrial, and breast cancer in addition to other gastrointestinal malignancies (38- 

40). The genes involved in this syndrome include hMSH2 or hM LHl (30, 41-43).

The incidence o f ovarian cancer increases with each additional year o f life (44, 45). In 

addition to that early menarche and late menopause have been linked to the risk o f the 

disease, however, the published data on the possible association o f  risk o f  ovarian 

cancer with onset o f  menarche and menopause are less consistent (33, 45).

Nulliparous women and those who suffer from infertility all have an increased risk o f 

ovarian cancer (44, 46-48). There has long been concern that the fertility stimulating 

drugs raise the risk o f ovarian cancer (33), however, most recent studies found no 

significant association between fertility drug use and risk o f ovarian tumours (49-51).

Moreover women with polycystic ovarian syndrome (PCOS) have been found to have 

an increased risk o f ovarian cancer (30, 52). The use o f hormone replacement therapy, 

particularly oestrogen-only formulations, is associated with increased risk, however, 

only a modest risk o f the disease is found to be related with the use o f  formulations, 

which include progestin (20).

Endometriosis is known to be associated with endometrioid, mullerian and clear cell 

adenocarcinoma o f the ovary (53-56) Inflammatory condition such as pelvic 

inflammatory disease is also associated with increased risk (33, 57-59).

Factors such as chronic anovulation, breastfeeding and multiparity, use o f  contraceptive 

pills and childbirth are found to be protective (30). Published data showed that 

pregnancy is associated with decreased risk o f developing the disease. The greatest 

protection is afforded by the first pregnancy with a 20 percent reduction in the risk is 

conferred by each additional child (60). Lactation also reduces the risk (20, 33, 61), 

however, uncertainties remain in the evidence (20, 33).
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Long-term oral contraceptive use has been linked to reduced risk o f ovarian cancer (62, 

63). Protection increases with increasing duration o f use, and remains following 

cessation o f use. The reduction in risk continues for more than 30 years after use has 

stopped (20). Risk is also reduced by mechanical sterilization and by hysterectomy (64- 

66). Recent evidence suggested that the most o f the ovarian tumors originate in the 

fallopian tube, therefore, it has been suggested that removal o f fallopian tubes post

menopause could be beneficial in reducing risk with virtually no side-effects (67).

The association between environmental factors and ovarian cancer has been suggested 

in several studies (16, 30, 33). High fat, low fibre and vitamin A diets have been 

associated with increased risk, while high non-starchy vegetables seem to confer a 

reduced risk (30, 33, 68, 69). However, this category includes a wide variety o f 

vegetables with different food constituents, whose contribution have not been revealed 

(70). It was noted that the daughters o f  Japanese migrants to the United States have 

been found to have an increased risk o f ovarian cancer similar to that o f  the US 

population as compared with the lower level observed in Japan (30, 33).

Smoking has been mentioned as a causal factor for developing mucinous ovarian 

cancer but not with other tumour types (71-74). Other factors like alcohol, milk 

products consumption, high caffeine intake and exposure to asbestos or radiation 

remain unclear. The role o f certain viruses such as mumps, rubella and influenza in the 

aetiology o f the disease has been studied but the results were inconclusive (30, 33). A 

perineal dusting with talcum powder has been proposed as a risk factor for development 

o f  the disease (30, 33, 75). The presence o f talcum granuloma in ovaries o f women, 

who have never been operated before was documented. The latter finding can be 

explained as by the continuity o f the introitus and peritoneal cavity through the 

endocervical canal, endometrial cavity, and the fallopian tubes (30, 76).

A raised risk o f  ovarian cancer has been found in taller women, however, tallness in 

itself is unlikely to be a causal factor, and instead it is possibly a marker for factors 

relating to promoters o f  growth in childhood (70).

Several life styles have been related to the risk o f the disease, this includes physical 

activity as the risk o f ovarian cancer may be reduced (approximately 20%) in women
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with the highest level o f  recreational physical activity. Overweight and obesity m ight 

be also related to a raised risk (20, 77).
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1.11 Histological classification of ovarian cancer

Ovarian cancer comprises a heterogeneous group o f neoplasms. The histological 

classification o f ovarian cancer as presented by W orld Health Organization (WHO), is 

based on histogenesis o f the normal ovary, which categorizes ovarian neoplasms with 

regard to their derivation (Figure 1.14 and 1.15) from coelomic surface epithelial cells, 

germ cells, and mesenchyme (the stroma and the sex cord) (78, 79).

Normal Ovary
Mature egg

Germir^l ^

Stroma

Surface cells

r
Origin of three 

ovarian cancer types
Strotnal cells 5 - io %

Germ ceils io-i5%

Epithelium (surface ceils) 80%

Figure 1.14 Origin of three types o f ovarian cancer
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Figure 1.15 derivation of ovarian cancer
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Approximately 90% o f  primary malignant ovarian tumors are epithelial (Table 1.5) and 

arise from the ovarian surface epithelium (OSE) or more likely from surface epithelial 

inclusion cysts (80-82). However, it has also been suggested that it might develop from 

the secondary Mullerian system, which includes paraovarian and paratubal cysts, the 

rete ovarii, endosalpingiosis, and endometriosis (83). W HO classification o f  epithelial 

ovarian tumours is shown in Table 1.5

The current classification o f ovarian epithelial tumours is based entirely on tum our cell 

morphology. The four major types o f epithelial tumours (serous, endometrioid, clear 

cell, and mucinous) (Figure 1.16) bear strong likeliness to the normal cells lining 

different organs in the female genital tract (82).

High '  V;

-H.  ^
Clear cell Mucinous

Serous Endometrioid

Figure 1.16 Representative examples o f the major histological types of

ovarian carcinoma

The histological similarity o f ovarian epithelial tumors to the epithelia o f other parts o f 

the female genital tract and the cells lining the peritoneal cavity is due to the fact that 

they all derived from a common embryological precursor, the coelomic mesothelium 

(84). It has also been suggested that the distal fallopian tube may actually be the site o f
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origin o f at least some serous carcinomas, which were previously thought to be 

developed in the ovary or pelvic peritoneum (25, 80).

Tumours can be further divided according to the cell type into benign (cystadenomas), 

malignant (carcinomas), and intermediate between the two (variably known as atypical 

proliferative tumours, tumours o f low malignant potential, or tumours o f borderline 

malignancy).

Histological classification of ovarian tumours 

Surface epithelial-stromal tumours 

(According to FIGO)

Table 1.5

Serous tumours

Benign serous cystadenomas.

O f borderline malignancy: serous cystadenomas with proliferating activity o f the 

epithelial cells and nuclear abnormalities, but with no infiltrative destructive growth 

(carcinoma o f low potential).

Serous cystadenocarcinomas.

Mucinous tumours

Benign mucinous cystadenomas.

O f borderline malignancy: mucinous cystadenomas with proliferating activity o f  the 

epithelial cells and nuclear abnormalities, but no infiltrative destructive growth 

(carcinoma o f low potential).

Mucinous cystadenocarcinomas.

Endometroid tumours

Benign endometroid cystadenomas.

Endometroid tumours with proliferating activity o f the epithelial cells and nuclear 

abnormalities, but with no infiltrative destructive growth (carcinoma o f low potential). 

Endometroid adenocarcinomas.
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Clear cell tumours 

Benign clear cell tumours.

Clear cell tumours with proliferating activity o f  the epithelial cells and nuclear 

abnorm alities, but with no infiltrative destructive growth (low potential malignancy). 

Clear cell cystadenocarcinomas.

Transitional cell tumours (Brenner tumours)

Benign Brenner.

Borderline malignancy.

M alignant.

Undifferentiated carcinomas:

This is a group o f  malignant tumours o f epithelial structure, which is too poorly 

differentiated to be placed in any other group.

M ixed epithelial tumours:

These tumours are composed o f two or more o f the five major cell types o f common 

epithelial tumours.

Extra-ovarian peritoneal carcinomas;

This includes cases o f intraperitoneal carcinoma, where the ovaries are incidentally 

involved and not the primary origin o f the tumour.

Tubal causes o f epithelial ovarian cancer

Several studies reported cases o f tubal carcinoma in situ, severe atypia or small tubal 

carcinomas in women with BRCAl mutations (85). These findings suggested that 

ovarian carcinomas in women with BRCA mutations might be originated from 

undetected exfoliated tubal carcinomas therefore, fallopian tube and ovarian 

carcinomas in these women should be termed as ‘female adnexal carcinom a’ (86). One 

study suggested that primary ovarian epithelial tumours, fallopian tube carcinomas, and 

primary peritoneal carcinomas are all M ullerian in origin and could therefore be 

represent a single disease entity (87). A recent study reviewed the evidence that pelvic 

serous carcinom a originates from the fallopian tube mucosa and hypothesized a theory
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that inflammation in the tube, caused by menstrual cytokines or infection, is critical to 

the genesis o f ovarian and tubal carcinomas (88).

1.12 Histological grades of ovarian cancers

Ovarian cancer can be subclassified based on degree o f  differentiation. The serous 

histotype is the most common type o f ovarian carcinoma. Historically, the most widely 

grading systems o f ovarian cancer have been proposed by the International Federation 

o f Gynaecology and Obstetrics (FIGO), the W orld Health Organization (WHO), and 

the Gynaecologic Oncology Group (GOG) (89).

The FIGO system uses three grades based on architectural criteria, which the proportion 

o f  glandular or papillary structures to the growth o f  solid tumour. It is classified as 

grade 1, 2 and 3, which is corresponding to <5%, 5-50% , and >50% solid growth, 

respectively. The W HO system uses both architectural and cytological features, 

however, as these features are not based on quantitative criteria, this system is 

considered to be subjective. The GOG system is based on the histological type o f the 

tumour.

Recently, a three-grade system, which can be used for all ovarian carcinomas, has been 

proposed for ovarian serous, the most common type carcinomas, (90-92). Grade o f 

ovarian cancer is related to the prognosis o f the disease. Patients with low-grade 

cancers have better prognosis than women diagnosed with high-grade ovarian cancer. 

The treatment decisions for women with stage I disease is tailored by the grading 

information.

W ell-differentiated ovarian cancers have very clear margins and cells look relatively 

normal. Such cancers usually do not grow or spread rapidly. Poorly differentiated 

cancers have ill-defined edges and cells look very abnormal. They often grow and 

spread rapidly.
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Ovarian tumours are evaluated as following:

Gx: Grade cannot be evaluated.

GB: Borderline cancer.

G l: W ell-differentiated cancer.

G2: M oderately differentiated cancer.

G3: Undifferentiated cancer.

1.13 Staging of Ovarian cancer

Once diagnosis o f the disease is made, it needs to be staged. Staging o f  ovarian cancer 

is very important because ovarian cancers have different prognoses at different stages 

and are treated differently. Incorrect staging can lead to improper treatment with an 

adverse effect on the patient survival.

Ovarian cancer staging is divided into a clinical staging and a pathological staging. 

Pathological staging is considered to be the better staging because it allows direct 

examination o f  tumour and determine its location, extent and spread, while clinical 

staging depends on indirect observations at tumour, which is still inside the body. 

Nevertheless, both stagings should complement each other.

Ovarian cancer staging is by the FIGO staging system, which depends on information 

obtained after surgery. The AJCC stage is the same as the FIGO stage. The AJCC 

staging system (TNM) is based on the extent o f the primary tumor (T), the extent o f 

spread to the lymph nodes (N) and the presence or absence o f  metastasis (M).

The AJCC/TNM  staging system includes three categories for ovarian cancer, T, N and 

M. The T category, which describes the extent o f the primary tumor, is further divided 

into TO, T l, T2, T3, and T4. TO represents a tumor, which has not started to grow 

locally “in situ” . T4 represents a large primary and inoperable tumor, which has 

invaded other organs by direct extension.

The second category is N which means involvement o f  lymph nodes that drain the 

primary tumor. Involvement o f distant lymph nodes is considered a metastatic disease.
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N is classified further into NO, N l, N2, N3 and N4. NO means no lymph nodes 

involvement. N4 on the other hand means extensive involvement.

The third category is M, which indicates whether the cancer has spread to other parts o f 

the body. It is normally given as MO, where there is no metastasis (no cancer beyond 

peritoneal area) or M l, which means that tumor spreads beyond peritoneal area.

TNM staging system enables health professionals to choose the m ost effective 

treatment options and discuss the prognosis for the patients diagnosed with ovarian 

cancer based on stage o f  cancer, the age and the their health condition. The TNM and 

International Federation o f Gynecology and Obstetrics (FIGO) classifications for 

staging ovarian cancer are provided in Tables 1.6 & 1.7 with the AJCC classification 

first and the FIGO stage in parenthesis (93-95).

Table 1.6 AJCC TNM and FIGO staging classification (Rio dc Janeiro 1988)

• TX Primary tumour cannot be assessed.

• TO No primary tumour is seen.

• T1 (Stage I). Ovarian cancer is limited to one or both ovaries.

• T la  (Stage lA). Tumour is limited to one ovary. The ovarian capsule is intact 

and there is no tumor on the surface o f the ovary. There are no cancer cells in 

the body fluid (peritoneal fluid) around the ovary.

• T ib  (Stage IB). Tumour is limited to both ovaries. The ovarian capsule is intact 

and there is no tumor on the surface o f the ovaries. There are no cancer cells in 

the body fluid (peritoneal fluid) around the ovaries.

• T ic  (Stage IC). Tumor is limited to one or both ovaries and the ovarian capsule 

is ruptured or there is tumor on the surface o f the ovaries or there are cancer 

cells in the body fluid (peritoneal fluid) around the ovaries.

• T2 (Stage II). Tumour involves one or both ovaries and extends into the pelvis 

or has implanted into the uterus.

• T2a (Stage IIA). Tumour has extended or implanted into the uterus or fallopian 

tube but there are no cancer cells in the body fluid (peritoneal fluid) around the 

ovaries.
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• T2b (Stage IIB). Tumour has extended or implanted into other pelvis tissues but 

there are no cancer cells in the body fluid (peritoneal fluid) around the ovaries.

• T2c (Stage IIC). Tumour has extended or implanted into other pelvis tissues 

(T2a or T2b) and there are cancer cells in the body fluid (peritonea! fluid) 

around the ovaries.

• T3 (Stage III). Tumour involves one or both ovaries there are cancer cells 

outside the pelvis (peritoneal metastasis).

• T3a (Stage IIIA). Cancer cells are identified microscopically outside the pelvis 

(peritoneal metastasis) or on abdominal peritoneal surfaces.

• T3b (Stage IIIB). Tumour involves one or both ovaries and implants on 

abdominal peritoneal surfaces m easure 2 cm or less in size.

• T3c (Stage IIIC) and Any T, NIMO (Stage IIIC). Tumour implants on 

abdominal peritoneal surfaces measure 2 cm in size and cancer involves lymph 

nodes in the abdominal area.

• Any T, any N, M 1 (Stage IV).

Table 1.7 Carcinoma of the ovary (AJCC TNM class and FIGO stages)

FIGO stage TNM class

Stage I TINOMO
Stage lA TlaNOMO
Stage IB TlbNOMO
Stage IC TlcNOMO

Stage II T2cN0M0
Stage IIA T2aN0M0
Stage IIB T2bN0M0
Stage IIC T2cN0M 0

Stage III T3N0M0
Stage IIIA T3aN0M0
Stage IIIB T3bN0M0
Stage IIIC T3cN0M0

Any T, NI , MO

Stage IV Any T, any N, M 1
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1.14 Clinicopathological features of the major types of ovarian carcinomas

Gene expression in ovarian carcinomas has been evaluated recently by high throughput 

array-based methods. Such studies showed that different histological types o f ovarian 

carcinoma are largely distinctive based on their global gene expression profiles. 

However, some overlap particularly between serous carcinomas and high-grade 

endometrioid adenocarcinomas is present (96-99).

A number o f studies have evaluated molecular genetic alterations in ovarian epithelial 

tumours. Recently, studies have shown that certain alterations appear to be particularly 

characteristic o f specific histological types. These alterations might distinguish high- 

grade from low-grade carcinomas within certain histological types (100).

M ost published studies o f ovarian cancer included mainly serous carcinoma as it 

represents the majority o f  carcinomas. Therefore, typical high-grade (grades 2 and 3) 

serous carcinomas, a spectrum o f benign, borderline and low-grade malignant ovarian 

serous tumours have been extensively studied (100). A recent study has shown no 

significant biological or clinical difference between moderately differentiated (grade 2) 

and poorly differentiated (grade 3) serous carcinomas (101).

Recent molecular genetic changes studies have demonstrated that two distinct pathways 

leading to the development o f low-grade versus high-grade serous carcinoma. This 

contrasted what was previously assumed o f serous tumours as they are likely 

progressed from benign serous cystadenoma to serous borderline tumour to low-grade 

serous carcinoma, and finally to high-grade serous carcinoma.

1.14.1 New Proposed Classification of Ovarian Epithelial Tumours

Based on their pattern o f tumour progression and molecular genetic changes, surface 

epithelial tumours can be divided into two categories Type I and Type II tumours (102, 

103). This model (Table 1.8) shows the common precursor lesions o f Type I and Type 

II carcinomas and their molecular features.

Type I tumours include low-grade serous carcinoma, low-grade endometrioid 

carcinoma, mucinous carcinoma, and a subset o f clear cell carcinomas, which develop
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in a stepwise fashion from well-recognized precursors, in most cases, borderline 

tumours. The serous and mucinous borderline tumours, appear to develop from the 

ovarian surface epithelium or inclusion cysts and the endometrioid and the clear cell 

tumours from endometriosis (82).

Table 1.8 Common Precursor Lesions and M olecular Features o f Type I and Type 

II Carcinomas (Shih le, M. and R.J. Kurman)

Type I tumours Common Most Frequent Chromosomal
Precursors M utations Instability (CIN)a

Low-grade serous 
CAh

Serous borderline 
tumour

K H iS. B M F Low

Low-grade 
endometrioid CA

Endometriosis CTNNBI, PTEN Low

Most clear cell CAc Endometriosis P1K3CA Low

Mucinous CA 

Type II tumours

Mucinous 
borderline tumor

KRAS Low

High-grade serous 
CA

Not recognized^/ TP53 High

High-grade 
endometrioid CA

Not recognized TP53 High

Clear cell CAc Not recognized ? 7

Undifferentiated CA Not recognized ? ?

Carcinosarcoma Not recognized TP53 7

a
Low vs. High chromosomal instability (CIN) refers to comparison between low-grade and 
high-grade carcinomas within same histologic type 
b
CA: Carcinoma 
c
Criteria for classification of clear cell CA subsets into Type I vs. Type II categories arc 
uncertain. It is thought that most clear cell carcinomas behave
like Type I tumors while some clear cell carcinomas, presumably high-grade, may be Type II
tumors.
d
Some high-grade serous CAs may be associated with tubal intraepithelial serous carcinoma
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Type I tumours are generally slow growing and tend to be large and often confined to 

the ovary at presentation. In contrast, the Type II tumours are high-grade and almost 

always have spread beyond the ovaries at diagnosis. Type II carcinomas include high- 

grade serous carcinoma, high-grade endometrioid carcinoma, undifferentiated 

carcinoma, some clear cell carcinoma and malignant mixed mesodermal tumour 

(carcinosarcoma) (82).

Development o f ovarian high-grade and low-grade serous carcinomas (Figure 1.17) 

involves two distinct pathways. Type I pathway characterized by stepwise progression, 

where low-grade carcinomas develop from serous borderline tumours (SBTs), which in 

turn arise from serous cystadenomas. High-grade (Type II) carcinomas on the other 

hand are highly aggressive and disseminate early in the course o f the disease. This is 

due to two reasons, the malignant nature o f  the cancer cells and the anatomic locations 

in which they originate (i.e., ovary or perhaps fallopian tube), which provide immediate 

access to adjacent pclvic organs and the peritoneal cavity (82).

Type I tumours (Table 1.8), are associated with known precursor lesions, while Type II 

tumours are rarely associated with morphologically recognizable precursors. Type II 

tumours precursors, however, might develop from “dysplasia” in inclusion cysts or 

serous intraepithelial carcinoma in the fallopian tubes (25, 104, 105). These precursors 

are difficult to detect as they are thought to undergoing rapid transit from the occult 

lesion to a clinically diagnosed carcinoma.

Type I and Type II tumours have very different molecular profiles. Chromosomal 

instability in the forni o f DNA copy number, are much higher in Type II tumours than 

in Type I tumours (82).

Only a few genes have been reported to be frequently mutated in ovarian serous 

tumours (106-108). These include TP53, KRAS, BRAF, PIK3CA, ERRB2 and other 

signalling molecules including C TN N B l, PTEN. TP53 mutation was rare in Type I 

tumours while it was found in 50% or more o f advanced-stage high-grade serous 

carcinomas (109-111). Recently, The Cancer Genome Atlas (TCGA) study whose goal 

was to identify new therapeutic approaches in ovarian cancer showed that TP53 

mutations occur in at least 96% o f  high-grade serous ovarian cancer (HGS-OvCa)
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samples while BRCAl and BRCA2 mutations occur in 22% o f  tumours, which is 

thought to be a combination o f  germline and somatic mutations. In addition, seven 

m ore significantly mutated genes were identified, however, they were detected only in 

2 -6%  of HGS-OvCa samples (112).

Furthermore, it has found that a small series o f  intraepithelial serous carcinomas in the 

fallopian tube and coexisting ovarian serous carcinomas share identical TP53 mutations 

which suggest a common origin o f tumours in the two sites and provide further 

evidence o f  a role for TP53 mutations early in the pathogenesis o f serous carcinoma 

(25). M olecular genetic studies have focused on the importance o f 

Ras/Raf/M EK/M APK signaling pathway in low-grade ovarian serous carcinomas 

pathogenesis. KRAS and BRAF mutations have been demonstrated in several studies 

and these mutations characterize both serous borderline tumours (SBTs) and low-grade 

serous carcinomas (108, 113-115). This is in contrast to high-grade serous carcinomas, 

where KRAS and BRAF mutations are very uncommon (108). These findings suggest 

that KRAS and BRAF mutations are early events, which are associated with initiation 

o f serous tumours and serous cystadenoma and may progress to serous borderline 

tumours (SBT).
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Type II pathway

Fallopian tut>e TP53 m utations + CIN

Figure 1.17 Systematic illustration for Type I and Type II ovarian serous 

carcinoma pathogenesis (Shih le, M. and R.J. Kurman)

Somatic copy number alterations (SCNAs) were frequent in HGS-OvCa tumours which 

is probably are due to frequent mutations and promoter methylation in putative DNA 

repair genes including homologous recombination components (112). The mutations 

that occur in HGS-OvCa are totally different from mutations that occur in other ovarian 

cancer histological subtypes. For instance clear cell carcinoma has few TP53 mutations 

but recurrent A R ID IA  and PIK3CA mutations, endometrioid tumours have frequent 

C TN N B l, A R ID IA  and PIK3CA mutations and a lower rate o f TP53 (116-118) and 

mucinous ovarian cancer tumours have prevalent KRAS mutations (119).

Overall, homologous recombination defects may be present in half o f  the HGS-OvCa 

and may be sensitive to poly ADP ribose polymerase (PARP) inhibitors. In addition 

other deregulated pathways including RB, RAS/PI3K, FOXM l and NOTCH m ay 

enable targeted therapeutics
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1.15 Diagnosis of ovarian cancer

1.15.1 Clinical presentation

Symptoms and signs

Ovarian cancer symptoms develop insidiously and are non-specific. These symptoms 

occur when the disease is widely disseminated throughout the abdominal cavity (120) 

and include abdominal bloating, discomfort or vague pain, bowel habit changes, 

abdominal fullness early satiety, dyspepsia are frequent presenting symptoms (121, 

122). Occasionally some patients may present with bowel obstruction, or shortness o f 

breath that is due to pleural effusion. Early-stage disease, when the tum our is confined 

to the ovary is usually asymptomatic. However, such patients may present with 

pressure symptoms (urinary frequency, constipation, pelvic pain/pressure, dyspareunia). 

Less frequent symptoms include abnormal vaginal bleeding in premenopausal and 

postmenopausal women.

The most important sign in ovarian cancer is the presence o f a pelvic mass at pelvic 

examination. Fixed, bilateral masses and firm masses with nodularity are suggestive o f 

an ovarian malignancy. In advanced stages, ascites and upper abdominal mass (omental 

cake) can be felt. Other signs that can be detected in stage IV disease is pleural 

effusion. In metastatic disease, inguinal, axillary and supraclavicular nodes can be 

enlarged at palpation. Other rare presentations include brain metastasis.

1.15.2 Radiological evaluation

A pelvic ultrasound is the single most important investigation that evaluates adnexal 

masses. Features suggestive o f ovarian malignancy include bilateral masses, presence 

o f solid or cystic and solid mass, and multiple septations o f more than 3 mm in size. 

Presence o f ascites and omental cake are indicative o f  advanced ovarian cancer. TVS 

augmented by Colour Doppler mapping o f  vessel distribution improves detection o f 

malignancies compared to grey scale imaging (123). Other imaging techniques, which 

are used in diagnosis o f ovarian cancer, are Com puted tomography (CT) (Figure 1.18), 

and magnetic resonance imaging (MRI). CT provides staging information for 

preoperative detennination o f  surgical resectability. It can also assess the response to 

chemotherapy and detect recurrence (124). CT provides information about the
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retroperitoneal structures and M RI add more information about the nature o f  ovarian 

tumours (30, 33).

MRI has a very high sensitivity in detecting ovarian cancer and common benign lesions 

(125). MRI provides structural information (126) and is o f value in further 

characterizing masses which are indeterminate on ultrasound. MRI has been shown to 

be as accurate as computed tom ography (CT) in the evaluation o f  disease extent in 

advanced ovarian cancer (127). Another study showed that MRI was more sensitive 

(91%) than positron emission tomography/computed tomography (73%) for the 

detection o f  recurrent ovarian cancer (128).

1 SFluoro-deoxy-glucose positron emission tomography (FDG-PET) scanning is another 

imaging technique, which emerged useful in the management o f  ovarian tumours (129, 

130) . FDG-PET was reported to have a higher positive predictive value PPV and 

accuracy o f  imaging for malignant ovarian disease compared to TVUS (131).

Figure 1.18 Computed Tomography Scan of Advanced Ovarian Cancer 

(www.biomedcentral.com)
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1.16 Screening of ovarian cancer:

Currently, no standardized screening test exists to reliably detect ovarian cancer. Lack 

o f a reliable screening test is due to the fact that the underlying molecular biology o f 

oncogenesis in ovarian cancer is a complex pathway. Once the m olecular biology o f  the 

ovarian cancer is known, more reliable and sensitive screening tests can be established 

and a better and effective treatment can be found.

Pelvic examination is practiced widely, but it is not sensitive enough to be used as a 

reliable screening tool for diagnosis o f ovarian cancer. W omen at high risk o f  

developing ovarian cancer might undergo screening with trans-vaginal ultrasound and 

CA125 (132). Recently, the Prostate, Lung, Colorectal and Ovarian (PLCO) Trial in the 

United States reported no mortality benefit for annual screening with CA-125 and 

trans-vaginal ultrasound (133). Another trial, assessing screening with ultrasound and 

CA-125 is underway in the UK (UKCTOCS) (http://www.ukctocs.org.uk/) and the 

results will be reported in 2014. The trial uses a calculation called the ‘risk o f ovarian 

cancer algorithm ’ (ROCA). Rather than just looking at the results o f  a single CA-125 

test, they look for changes in CA-125 over time to try to predict the w om an’s risk o f 

having the disease (134). In contrast, PLCO used a single cutoff for CA-125.

In addition to CA125, which will be discussed below, other biomarkers are used 

routinely in medical practice and these include CA 19-9 (a monosialoganglioside 

antigen. CA 19-9 is elevated in 68-83% o f mucinous ovarian cancers but in only 28- 

29% o f  non-mucinous types, providing a differential diagnostic tool for non-mucinous 

versus mucinous subtypes. Serum CA 15-3, CA 72-4 and CEA can help in the 

management o f  tumours which don’t express CA-125. These markers can be elevated 

in 50-56%, 63-71% and 25-50% o f ovarian cancer patients respectively (135).

Recently, addition o f newer tumour markers such as HE4 (which will be discussed 

later) has been found to be associated with higher specificity and detection rates. 

MicroRNAs have also shown potential to be used as biomarkers as discussed later.
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1.17 Diagnostic biomarkers for ovarian cancer

1.17.1 CA125

CA125 (cancer antigen 125 or carbohydrate antigen 125) also known as m ucin 16 is a 

protein that in humans is encoded by the M UC16 gene (136, 137). It has a single 

transmembrane domain and provides a protective mucosal barrier against foreign 

particles and infectious agents on the surface o f  epithelial cells on the surface o f  the 

female reproductive tract (138). The CA-125 antigen is expressed on the surface o f 

ovarian tumour cells and can be secreted into the circulation following phosphorylation 

by epidermal growth factor (139). CA-125 is the most frequently used biomarker for 

ovarian cancer detection. Around 90% o f women diagnosed with advanced ovarian 

cancer have elevated levels o f  CA-125 in their blood serum, yet only in approxim ately 

50% o f  early stage ovarian cancers, thus limiting its use for early diagnosis. Also, 

monitoring o f CA-125 blood serum levels is useful to determine how ovarian cancer is 

responding to treatment and to predict the prognosis after treatment and as a strong 

predictor o f the recurrence o f  ovarian cancer (140-142). However, CA125 is a poor 

marker for early stage disease and it is elevated in a number o f  non-cancerous 

conditions and approximately 1% o f all healthy women (132, 143, 144).

1.17.2 HE4

Human epididymis protein 4 (HE4) is a low m olecular weight glycoprotein that is 

expressed predominantly in epithelial cells o f  the epididymis and other tissues 

throughout the body including breast and female genital tract (145, 146). HE4 is 

encoded for by the W FDC2 gene, which contains two whey-acid proteins and a four- 

disulphide core made up o f eight cysteine residues (144). HE4 was initially predicted to 

be a protease inhibitor involved in the process o f sperm maturation (147-149). HE4 has 

been reported to be overexpressed in early and recurrent ovarian cancers, pulmonary, 

endometrial, breast adenocarcinomas, mesotheliomas and less frequently in renal, 

gastrointestinal and transitional cell carcinomas (145, 148, 150, 151).

The diagnostic and prognostic potential o f  serum HE4 levels has been examined in 

numerous ovarian cancer studies. HE4 has been detected at high concentration in serum 

o f patients o f ovarian cancer particularly women with serous and endometrioid 

adenocarcinoma and furthermore was found to be increased in more than half o f  the
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ovarian cancers, which do not express CA125 (145, 152-155). In addition HE4 is not 

over expressed as often in endometriosis or in many benign gynaecological diseases 

(156, 157). Furthermore, higher urinary concentrations o f HE4 were found in ovarian 

cancer patients than patients with benign ovarian tumors (158). M easuring HE4 in urine 

can provide a less invasive way o f detecting and monitoring o f ovarian cancer. HE4 has 

been also detected in urine at a specificity o f  94.4%. The area under the curve (AUC) 

for early cases was 0.969 while for late cases the AUC was 0.964 (159). In a limited 

study this mode o f ovarian cancer diagnosis has been investigated as a point-of-care 

device and shows promising results (160).

HE4 has been recently approved by Food and Drug Administration (FDA) as a 

biom arker for monitoring recurrence and progression in patients with epithelial ovarian 

cancer (EOC) (161, 162). Several studies showed that HE4 could predict the recurrence 

o f  the disease earlier than CA-125 (151, 163). In addition, HE4 has been reported 

recently as a novel biomarker that has the highest sensitivity either alone or in 

combination with CA-125 for detecting ovarian cancer particularly in the early stages 

(153). M oreover, HE4 was shown to have a higher specificity and comparable 

sensitivity to CA-125 (HE4 Sensitivity 88.9%, Specificity 91.8% compared to CA-125 

Sensitivity 83.3%, Specificity 59.5%) for detection o f  ovarian cancer in premenopausal 

women with adnexal masses, thus reducing the num ber o f unnecessary surgeries for 

benign disease (146).

High preoperative HE4 measurements were found to be associated with advanced stage 

disease and poor prognosis in patients with ovarian cancer (154, 164, 165) and is a 

m arker for aggressiveness o f the disease and a predictor o f  overall survival (166). High 

levels o f  preoperative HE4 have been suggested in a retrospective study to be correlated 

with shorter progression-free survival in multivariate analysis (164). Another study, 

found that increasing levels o f  HE4 before initiating first line chemotherapy was 

associated with poor prognosis in EOC (167). Therefore serum HE4 may be useful as 

an independent prognostic m arker in patients with ovarian cancer.

A meta-analysis, which reviewed nine studies involving 1807 women, showed that the 

pooled sensitivity and specificity for HE4 for diagnosis o f ovarian cancer (when the 

control group was healthy women) were 83% and 90%  respectively. W hen the control
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group was made up o f women with benign disease, the pooled sensitivity and 

specificity for HE4 were 74% and 90% respectively (168).

HE4 has also been assessed in a multi-analytes assay, named the Risk o f Ovarian 

Malignancy Algorithm (ROMA™) to predict malignancy and facilitate further 

management planning in women who present with ovarian masses (169). This assay 

combines the result of HE4 EIA (enzyme immunoassay), ARCHITECT CA-125 IF ^  as 

well as the menopausal status into a numerical score. At 75% specificity ROMA has 

demonstrated 93%-94% sensitivity with a negative predictive value o f 93%-98%. 

ROMA has been shown to be more sensitive (94%) than the RMI (75%) at 75% 

specificity (170). A recent meta-analysis found that ROMA had a higher sensitivity to 

predict advanced EOC than early stage EOC and was more accurate in postmenopausal 

women compared to premenopausal women (171). Furthermore ROMA is less specific 

but more sensitive than HE4 and both ROMA and HE4 are more specific than CA-125 

for EOC prediction (171) but CA-125 had better diagnostic accuracy. ROMA has 

potential in the clinic in distinguishing EOC from benign pelvic mass (171, 172) but 

further work needs to be done especially is assessing its potential in early stage disease.

In 2011 ROMA was approved by the Food and Drug Administration as a biomarker to 

determine the risk of malignancy in premenopausal and postmenopausal women 

presenting with pelvic mass. RMI, Risk of Malignancy Index that used in many centers 

to detect the risk of malignancy in women presenting with pelvic mass combines three 

pre-surgical features: serum CA125, menopausal status and ultrasound score. RMI is an 

effective way to categorize women into those who are at low, moderate, or high risk of 

malignancy and to select those, who might be managed by a general gynaecologist or in 

cancer units or in cancer centers respectively. The best prognosis for women with 

ovarian cancer is offered when full staging procedure is performed by a trained 

gynaecological oncologist (173). Studies showed that ROMA is more sensitive than 

RMI at detecting risk o f malignancy in women presenting with pelvic mass (174).

Other biomarkers which can be used as non-invasive biomarker for ovarian cancer 

include;
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OVA 1

OV A l (Vermillion, Quest Diagnostics) has been recently approved by FDA as an 

ovarian biomarker. This assay aims at identifying women with ovarian adnexal masses 

that are likely to have cancer prior to planned surgery (168). The test utilizes five well- 

established biomarkers, transthyretin (prealbumin), apolipoprotein A l, beta-2- 

microglobulin, transferrin (ova-l.com ) and CA 125-11 in patient serum. Based on the 

menopausal status the software algorithm determines an O V A l score, which 

differentiates patients either into a low- or high-risk group (175). OV A l is reported to 

have a sensitivity o f  92.5% and a specificity o f  42.8%, with a positive predictive value 

o f  42.3% and a negative predictive value o f  92.7% (176). However, O V A l incorrectly 

identified non-cancerous masses about twice as often as CA-125 or clinical assessm.ent 

and it has not been tested in screening patients for early stage disease (176, 177). 

Another drawback o f using this test is its interference with triglyceride levels and 

rheumatoid factor levels (176).

M etabolom ics

M etabolomics have been confirmed to be suitable biomarkers to differentiate epithelial 

ovarian cancer from benign ovarian tumor (178). Furthermore urinary metabolites have 

been found at low concentration in cancer samples compared to healthy samples (179).

C ircu la ting  DNA and  epigenetic changes

Circulating DNA carries information on mutations and tumour burden. TP53 mutations 

were identified in in circulating DNA from plasm a samples o f advanced ovarian cancer 

patients (180). Epigenetic changes have shown promise for their diagnostic, prognostic, 

and predictive capacity, however, validation o f these findings are needed before 

implanting them in medical practice (181).

A uto-A ntibody Profiling

Autoantibody profiling was found to be associated with tumour histotype. The serous 

papillary histotype has a strong correlation with the presence o f p53 AAbs. AAbs to 

p53 have been identified in the serum o f patients in approximately 25% o f ovarian 

cancer patients (182, 183). Since type II tumours are strongly associated with p53 

mutation, anti-p53 autoantibodies are predominantly associated with high grade, hence 

type II ovarian cancers (184).
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Circulating Tumour Cells (CTCs)

The presence o f  tumour-like epithelial cells in the peripheral blood o f ovarian cancer 

patients have established in several studies (54, 185-190). Recent studies have 

suggested that presence o f  CTC (54, 185) or elevated levels o f CTCs (189) can 

significantly correlate with disease free survival.

1.18 Treatment o f ovarian cancer

Debulking surgery followed by platinum-based chemotherapy schemes is considered 

standard care for patients diagnosed with ovarian cancer. Early detection is central to 

the successful treatment o f ovarian cancer. W hen ovarian cancer is diagnosed in stage 1 

more than 90% o f patients can be cured with conventional surgery and chemotherapy. 

At present, however, only 25% o f ovarian cancers are detected in stage 1. Neo-adjuvant 

chemotherapy, a pre-operative chemotherapy that is given to reduce the tumour size 

before debulking is considered the optimum treatment for patients, who present with 

late stage ovarian cancer (191) and this will be discussed later.

1.18.1 Surgery

A thorough staging o f ovarian cancer is essential when the disease is confined to the 

ovary. Accurate staging is important as it determines the prognosis as well as the 

requirement for adjuvant treatment (192). The standard surgical procedure for early 

stage disease includes total abdominal hysterectomy, bilateral salpingo-oophorectomy 

(TAH/BSO) and infra-colic omentectomy. However, supra-colic omentectomy may be 

preferable as it achieves adequate cytoreduction o f  gross omental disease (33).

The main aim o f cytoreductive surgery is to remove all primary cancer and o f  all 

metastatic disease if  feasible. The amount o f  the residual disease is the most important 

factor that influences the survival o f patients with advanced ovarian disease (33, 193). 

Optimal cytoreduction for advanced ovarian cancer is defined as removal o f all disease 

1 cm or larger in diameter. This type o f surgery is however an often unachievable 

outcome in late stage ovarian cancer patients (194). Secondary cytoreductive surgery 

followed by second-line chemotherapy is seen beneficial for patients with 

chemosensitive tumours, who developed recurrence (44).
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1.18.2 Chemotherapy

The current standard treatment for patients with high-risk early stage disease involves 

adjuvant chemotherapy either carboplatin/paclitaxel or carboplatin alone for six cycles. 

Carboplatin alone regimen is preferred for less fitted patients. Combination 

chemotherapy with carboplatin and paclitaxel, for six cycles is the current standard 

adjuvant treatment with advanced disease (33, 88). Carboplatin, which is similar to 

cisplatin, although not as potent, is the platinum agent o f choice as it is associated with 

significantly less toxicity than cisplatin (176).

Chemotherapy is administered intravenously. An alternative mode o f delivery, which is 

Intra- peritoneal chemotherapy, has been explored and it improves outcome however, it 

is associated with increased toxicity (195). Recently, the addition o f  bevacizumab, 

which is an anti-angiogenic monoclonal antibody targeted against VEGF to standard 

chemotherapy has been explored (196). Preliminary results from two front-line therapy 

studies, reported that addition o f  bevacizumab prolonged progression free survival but 

not overall survival, however, in one study o f recurrent ovarian cancer it was found that 

treatment with bevacizumab in platinum sensitive cancers improved overall survival 

(197).

Use o f  bevacizumab in platinum resistant cancers is currently being evaluated. One 

study showed that subsequent addition o f  bevacizum ab increased progression free 

survival but not overall survival compared to those who did not receive it. The response 

to the first bevacizumab regimen did not predict further response to the next 

bevacizumab regimen. Therefore randomized, larger studies need to be performed to 

confirm this observation (198).

However, despite an initial response rate o f  65% -80%  to first-line chemotherapy, most 

ovarian carcinomas relapse (199). Approximately 20%  o f  patients do not respond to 

chemotherapy initially, and are considered to have de novo (intrinsic) chemoresistance 

(200). Acquired resistance to further chemotherapy is generally responsible for 

treatment failure, resulting in an overall 5-year survival rate o f only 10% -30%  for late- 

stage ovarian cancer(201).

Carboplatin/cisplatin with or without paclitaxel may be used for patients who are 

platinum sensitive, while those who are platinum insensitive may be treated with a

46



number o f agents including topotecan, liposomal doxorubicin. The previous response to 

cisplatin and the treatment/platinum-free interval are the most important factors, which 

predict the patient response to second-line chemotherapy (202).

1.18.3 Neoadjuvant chemotherapy

Neoadjuvant chemotherapy can be given either before initial cytoreductive surgery or 

between an initial suboptimal cytoreductive surgery and interval debulking (induction 

therapy) (191). The results o f EORTC (European Organization for Research and 

Treatment o f  Cancer) o f  the effect o f  having three cycles o f cisplatin/cyclophosphamide 

before subsequent interval debulking surgery on patients who were initially 

suboptimally debulked has been published (203). The study showed that interval 

debulking significantly improved prognosis particularly in patients whose tumours had 

shrunk to < l c m following receiving neo-adjuvant chemotherapy. Also, neo-adjuvant 

chemotherapy may benefit patients with unfavorable general health and metastatic 

disease (193). However, a recent met-analysis o f  21 studies reported little difference in 

prognosis between patients, who had primary debulking as compared to those who 

undergo neoadjuvant chemotherapy (204). Therefore appropriate patient selection is 

crucial to provide beneficial outcome.

1.19 M icroRNAs

In recent years new biomarkers with diagnostic implications have been identified. Such 

biomarkers are microRNAs (205, 206). M icroRNAs are endogenous non-coding RNA 

sequences o f  about 22 nucleotides, which are processed from 70-100 nucleotide hairpin 

pre-miRNAs (207-209). Subsequently these single stranded RNA molecules have been 

found in a large variety o f  M etazoens from Drosophila to humans (210, 211). 

M icroRNAs inhibit gene expression by inducing degradation or repressing translation 

o f mRNAs when the nucleotide sequences o f  miRNAs are entirely or partially 

complementary to the 3 '-untranslated regions (UTR) o f targeted mRNAs (212-214). 

Recent reports show that miRNAs are essential for normal mammalian development 

and they play a major role in various biological processes, including cell proliferation, 

organogenesis, fat metabolism, hematopoiesis, timing o f cellular development, 

differentiation and apoptosis (207, 215).
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1.19.1 M icroRNA biogenesis

microRNAs are initially transcribed to primary microRNAs (pri-miRNAs) mainly by 

polymerase II and polymerase III enzymes for some microRNAs within Alu repeats 

(Figure 1.19) (216-219). The pri- miRNA then undergoes a step-wise processing by 

two RNase III endonucleases (Drosha and Dicer) that are located in different 

compartments o f  the cell. Firstly in the nucleus the prim ary microRNA transcript is 

cleaved by Drosha together with DGCR8/Pasha to an approxim ately 70 nucleotide-long 

double stranded precursor miRNA (pre-miRNA) (220, 221). Then this pre-miRNA is 

exported via Exportin-5 (nuclear export) to the cytoplasm (222, 223), where it is 

subjected to further processing by the Dicer enzyme to a ~  22 nucleotide RNA duplex, 

one strand being the mature strand and the other one is the passenger strand. The 

miRNA duplex is then unwound resulting in degradation o f  the passenger strand (the 

strand with highest stability at 5 ' end) and formation o f  mature miRNA, which is then 

loaded into the RNA induced silencing complex (RISC) to become more effective 

(224-226).

Upon binding o f the miRNA-loaded RISC to a target 3 ' untranslated region (UTR), two 

possible outcomes occur. Firstly, perfect base pairing between the RISC-bound miRNA 

and the target mRNA resulting in cleavage and degradation o f mRNA. The other 

possibility is imperfect complementarity, which leads to translational repression o f the 

target (226).
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1.19.2 M icroRNAs in cancer

Several studies report that the microRNAs are aberrantly expressed in human cancer 

(213, 226), which indicate that such microRNAs may function as oncogenes or tumour 

suppressor genes (227-233). The first possible link between microRNAs and cancer 

was seen in B-cell chronic lymphocytic leukaemia, where miR-15 and m iR-16, located 

on chromosome 13ql4.3, were found to be down regulated or deleted in the majority o f  

tumours (227, 234). A second study showed that the expressions o f  miR-143 and miR- 

145 were reduced in adenomatous and cancer stages o f  colorectal neoplasia (235).

Several mechanisms o f abnormal expression o f  microRNAs in cancer have been 

reported. These include chromosomal rearrangements (236-238), epigenetic 

modifications (205, 239), genomic copy num ber change (229, 240, 241), defects in 

microRNA biogenesis pathway (242) and regulation by transcriptional factors (243).

The mechanism o f contribution o f  microRNAs in cancer is thought to be through their 

functions in known oncogenic pathways (244). For instance the three human RAS 

oncogenes (H-, K-, and N-RAS) have let-7 sites at their 3 ' UTR (245). M oreover, the 

let-7 family o f microRNAs that are down-regulated in various tumours are found to 

negatively regulate RAS oncogenes in lung cancer, hence they are functioning as 

suppressor genes (245, 246). Examples o f  microRNAs, acting as oncogenes includes 

miR-221 and miR-222. These microRNAs inhibit the expression o f p27KIP tumour 

suppressor (247).

An accumulating body o f  evidence shows that expression patterns o f microRNA might 

be beneficial in diagnosis o f  cancer and prediction o f  the outcome (244). In one study a 

large number o f  microRNAs were consistently deregulated in profiled tumour tissues as 

compared to normal tissues(226). Another study reported a general down-regulation o f 

micro-RNAs in cells resulting in increased cellular transformation and tumorigenesis, 

which suggest a vital role o f  these genes in the process o f  transformation (242).

1.19.3 M icroRNAs in Ovarian cancer

Several microRNAs have been reported in association with ovarian cancer. The first 

study, which suggested that microRNAs might play a role in ovarian cancer, showed

50



that around 40%  o f microRNAs display changed DNA copy num ber (229). Thereafter 

two more studies demonstrated that high expression levels o f  Dicer, Drosha and eIF6, 

proteins, which are involved in the biogenesis o f  microRNAs, are associated with a 

favorable prognosis o f  ovarian cancer (248, 249).

Other studies showed that the deregulated microRNAs seen in ovarian cancer are 

associated with histological types, tumour stage/grade BRCA m utated/epigenetically 

changed, primary or recurrent tumours and survival (113, 205, 250-255).

One example o f  microRNAs, which have been found highly expressed in ovarian 

cancer, is miR-200 family (205, 251, 253, 255, 256). High levels o f  expression o f miR- 

200 family are also found to be associated with decreased progression-free survival and 

decrease overall survival rate (251).

Let-7 family is another miRNA family that is frequently with ovarian cancer, where 

four members o f  the family were found deregulated (205, 244, 251, 252, 256, 257). 

Low expression o f let-7b was found in one study to be associated with poor prognosis 

o f ovarian cancer patients (251), furthermore, high expression levels o f  let-7 miRNA 

inhibitors (lin28, Hn28b) (258) coordinate with shorter progression-free survival and 

overall survival in ovarian cancer patients (259). Despite most members o f the let-7 

family being reported as suppressors (260), isoform let-7a-3 was thought to act as an 

oncogene and enhance carcinogenesis (261), therefore epigenetic silencing o f  the let- 

7a-3 locus in ovarian cancer is associated with a good prognosis (262).

In addition to that, let-7 and miR-200 families are reported to be linked with regulation 

o f  “epithelial to mesenchymal transition” (EMT), where differentiated cells o f  epithelial 

phenotype separate from each other, gain mesenchymal properties and become mobile. 

EMT, which plays a vital role during embryo development and wound healing, was 

found to be involved in carcinogenesis (263). Tumors, which have undergone EM T, are 

more invasive, more aggressive and more advanced. EMT in cancers has been linked 

with chemo-resistance (264). Several members o f  let-7 are differentially expressed in 

chemoresistant cells and low levels o f let-7i correspond with shorter progression-free 

survival in ovarian cancer.
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Low expression levels o f  miR-200c are reported to be associated with a mesenchymal 

phenotype and therefore associated with chemo-resistance. Conversely miR-200 

expression may increase the sensitivity to microtubule targeting drugs (265). Other 

microRNAs, which have been involved in chemo-sensitivity, are miR-214, which 

targets PTEN, which regulates cell proliferation. Repression o f PTEN leads to 

enhanced cell survival (256).

Moreover, low levels o f m iR-199a might act as a reliable predictor for chemo- 

resistance in patients with recurrent tumors (251) by targeting IKKB, which induces a 

pro-inflamm atory environment that is associated with cancer progression and chemo- 

resistance. This might indicate m iR-199a as a biomarker to monitor the response to 

chemotherapy (266).

Other microRNAs, which might have a role in chemo-resistance, are miR-130a, which 

targets the pro-metastatic and chemo-resistance associated M -CSF (267) and miR-27a 

and miR-451, which regulate the expression o f  a protein involved in drug resistance in 

ovarian cancer (268-270).

Overall, these studies show that certain microRNAs could play a vital role in the 

diagnosis and treatment o f  ovarian cancer. Also, microRNAs such as the let-7 family, 

which are associated with ovarian cancer biology or therapy response, could function as 

biomarkers for prognosis or chemo-resistance (263).

1.19.4 IMicroRNAs as non-invasive biomarkers in serum/blood of ovarian cancer

Recent studies have demonstrated that microRNAs are circulating freely in serum and 

other body fluids in a highly stable, cell-free form (271-277). In addition, microRNAs 

are reported to be released into the circulation from tumor cells (271). M icroRNAs 

have been profiled in serum and plasma in cancer and other diseases (271, 272, 275, 

276). This indicates the feasibility o f  using microRNAs as novel non-invasive 

diagnostic and prognostic biomarkers. The first study reported extraction and reliably 

determined microRNAs in serum was in 2008. This study showed that sera level o f 

miR-21 was associated with relapse free survival in patients diagnosed with diffuse 

large B-cell lymphoma (275).
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Recently, the feasibility of profiling microRNAs from serum of ovarian cancer patients 

was described in one study (278). In this study three overexpressed microRNAs were 

identified as potential oncomirs; miR-21, 92 and 93 with miR-92 being the most 

consistent overexpressed microRNA in serum. High expression level of miR-93 was 

associated with shorter progression-free and overall survival in ovarian cancer patients 

(278). Furthermore miR-127, 155 and 99b were under-expressed in the serum of 

ovarian cancer patients. Interestingly, miR- 127 was identified previously as potent 

suppressor in ovarian cell lines (252), which supports the under-expression in this 

study.

Profiling of whole blood microRNAs in ovarian cancer patients was examined in one 

study. However, the pattern o f profiling was not sensitive enough to be used for 

screening or monitoring of progression of ovarian cancer (279). Profiling o f peripheral 

blood microRNA could be combined with other serum biomarker such as CA125 and 

transvaginal ultrasound to improve the overall screening of ovarian cancer (279).

1.19.5 Exosomes

Exosomes are small (30-100 nm in diameter) extracellular membrane-enclosed vesicles 

released by different cell types (280) and are formed by inward budding of late 

endosomes, producing multi vesicular bodies (MVBs). Exosomes are released into the 

environment by fusion of the MVBs with the plasma membrane (281, 282). Exosomes 

are thought to contribute in T-cell activation and immunosuppressive function. 

Therefore drugs interfere with exosome secretion can restore immunity and reduce 

progression o f the disease (282).

A wide range o f cells has been shown to release these vesicles such as B cells, T cells, 

epithelial cells, mast cells, tumor cells, dendritic cells, lymphoid cells, embryonic cells 

or cells from different tissues or organs. However, their accumulation in the peripheral 

circulation appears to be unique to pregnancy and cancer (82, 283, 284).

Exosomes have been detected to date in in several biological fluids, such as urine, 

serum, CSF, plasma, blood, saliva, ascites and breast milk (285). Exosomes have been 

found to carry internal cargo representative o f their cell of origin, such as membrane
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and cytoplasmic protiens, mRNA and miRNAs (276, 286, 287). A variety o f  functions 

have been demonstrated for exosomes, such as cellular communication, immune system 

modulation and tumor progression and the transfer o f  RNA (288-290).

The association o f  microRNAs with circulating tumor-derived exosomes has been 

demonstrated in several studies. One study reported that miRNA profiles o f  circulating 

tumour exosomes from ovarian cancer patients are closely related with miRNA 

expression in primary tumours and could be used to distinguish cancer patients from 

patients with benign ovarian disease and from normal cancer (276). Another study 

showed that the signatures o f  peripheral circulation miRNA-derived exosomes and 

miRNA-derived tumours were similar (291).

These results suggest that microRNA profiling o f  circulating tum or exosomes suggests 

that circulating exosomes could be used as potential diagnostic markers for diagnosing 

and monitoring o f  disease and also predicting response to treatment.

Furthemiore, one study showed that the level o f  circulating tumor-derived exosomes in 

serum o f  women with invasive ovarian cancer was higher than their level in women 

with benign ovarian disease and normal controls. In addition to that the level o f the 

exosomes was significantly greater in women with advanced disease (292). These 

results suggest that profiling o f microRNAs o f the circulating tumor exosomes could be 

used as potential diagnostic markers for screening o f  asymptomatic women and 

m onitoring o f  the disease recurrence (276).
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1.20 Hypothesis and Aims

Hypothesis o f the study are;

M icroRNAs present in peripheral blood could be used for diagnosis o f and 

management o f ovarian cancer.

HE4 has important diagnostic and prognostic potential in ovarian cancer.

In order to test this hypothesis, the study aims were:

•  To profile the miRNA repertoire from serum/blood o f  ovarian cancer patients.

• To assess the utility o f miRNAs as diagnostic and prognostic markers for 

ovarian

cancer.

•  To determine if  a miRNA profile can assess recurrence/ chemoresistance in 

ovarian cancer.

•  To evaluate the utility o f HE4 as a diagnostic and prognostic marker o f  ovarian 

cancer in premenopausal and postmenopausal women using samples from the 

DISCOVARY Bioresource.

• To evaluate the combination o f  CA125 and HE4 in the ROM A index (Risk o f 

Ovarian M alignancy Algorithm) for the detection o f ovarian cancer in the same 

cohort o f  patients.

• To establish a new ROMA cut o ff for “at risk” population used in this study 

compared to a screening population, which the ROMA is validated for.
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Chapter 2 

Materials and Methods
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M aterials and Methods 

Patients and samples

2.1 Discovary Bioresource

A Discovary Ovarian Bioresource was established in 2005 in the department o f  

Obstetrics & Gynecology in Trinity College Dublin. This bioresource contains serum 

and tissue from patients undergoing surgery for ovarian cancer and benign ovarian 

disease in St James Hospital Dublin. In M ay 2010 this was extended to include whole 

blood samples. To date samples from 700 patients are included in this bioresource, All 

patients were given relevant information pertaining to the use o f  their samples and gave 

informed consent for use o f  their blood and serum in this study which obtained ethical 

approval from St. Jam es's Hospital and Adelaide and Meath Hospital, Dublin 

Incorporating the National Children’s hospital research Ethics Committee.

2.2 Blood processing

• Blood was collected by a qualified phlebotomist in St. Jam es’ hospital following 

consent given by the patient.

• W hole blood was collected in K2-ethylenediaminetetraacetic acid (EDTA) tubes. The 

EDTA in the tubes will bind to the calcium ions, therefore inhibiting coagulation.

400|il o f  whole blood was added to 1300 ^1 RNAlater in sterile tubes and stored at 4°C 

for 24 hours then it was transferred to 20°C for long-term storage.

• Serum was collected in tubes coated with micro-ionised silica particles. The tubes were 

inverted and left on the bench for 30 minutes, which activated the clotting factors.

The samples were then centrifuged at 7500 rpm for 10 minutes then aliquoted into 

sterile tubes and snap frozen with liquid nitrogen and stored at-80°C.

2.3 Optimization o f MicroRNA extraction from blood/serum samples

The starting material for microRNA extraction is total RNA. Several protocols were 

interrogated in this study to determine the optimal procedure for RNA extraction from 

blood/serum. These included the M irVana PARIS Kit, TRI reagent® RT-Blood 

Protocol and RNAzol® RT.

2.3.1 Technique 1: M irVana™  PARIS™  Kit (Ambion)

The mirVana™  PARIS™  Kit was designed to isolate both protein and RNA suitable 

for studies o f  small RNA expression, processing or function. The kit has the advantage
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o f  both the organic extraction and acid-phenol extraction. Recovery o f  small RNAs 

include organic extraction followed by imm obilization o f  RNA on glass-fiber filters to 

purify either total RNA or an RNA fraction enriched for small RNA species. 

M irVana^^ PARIS™  Kit contains the following reagents, which are listed in Table 2.1.

T able 2.1 MirVanaTw PARIS^m Kit

Amount Component Storage

30 mL miRNA Wash Solution 1 *
Add 21 mL 100% ethanol before us©

room tem pt

50 mL Wash Solution
Add 40 mL 1009{> ethanol before use

room tem pi

80 Collection Tubes room temp

40 RIter Cartridges room temp

25 mL Cell Disruption Buffer 4^C

25 mL 2X Denaturing Solution
Add 375 |jL 2-m0ncaptoethanol before use

4<»C

2 x 2 5 mL Acid-Phend ;C hlaof 4'>C

5 mL Elution Solution any temp**

Materials and equipment not provided with m irVANA Paris Kit

Some materials and equipments are needed but not provided with the kit include:

2 mercaptoethanol.

ACG grade 100% ethanol.

Heat block set to 95-100°C.

M icrocentrifuge capable o f at least 10,000 x g.

RNase-free 1.5 mL or 0.5 mL polypropylene m icrofuge tubes, adjustable pipettors and 

RNase-free tips.
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Overview o f the mirVana^’'* miRNA Isolation Kit Procedure:

O rg an ic
L)iWft Extraction  Final RftA l»otatk>n
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M d l 2 5  'M ashl.2& 3 EUte
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Large RNA»j.200
First ntter 

Wash 1.
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through first lite r ^  ̂ j (<200 ntj

RItrata: M d 2 /3  'Atosh Elute
vdifnesetfvnal, pass 1 .2 & 3  
throiigh secord Alter

Figure 2.1 Overview of the itiirVana™  miRNA Isolation Kit Procedure.

The first step o f the m irVana PARIS procedure is to disrupt samples in Cell Disruption 

Buffer. A portion o f the resulting lysate can be reserved for protein analysis, and the 

remainder can be processed for RNA isolation. Following disruption samples are 

subjected to Acid-Phenol: Chloroform extraction, which provides a robust front-end 

RNA purification that also removes most DNA

Solution Preparation:

• 375 fiL o f  2-mercaptoethanol was added to the 2X Denaturing Solution.

• 21 ml o f  ACG grade 100% ethanol was added to the bottle labeled miRNA 

W ash Solution 1.

• 40 mL ACG grade 100% ethanol was added to the bottle labeled Wash Solution 

2/3 and mixed.

• Laboratory gloves were worn all the time and changed frequently during the 

procedure to avoid contamination. Also, RNase-free pipette tips were used to 

handle the kit reagents.
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RNA Isolation:

• Samples were taken out from -80 °C and thawed at room temperature.

• 625 |iL o f  sample was mixed with an equal volume o f  2x Denaturing solution at 

room temperature.

• Acid-phenol: Chloroform volume equal to the total volume o f sample lysate 

plus the 2x Denaturing solution was added.

• The sample was then vortexed and centrifuged for 5 minutes at maximum speed 

(10,000x g) at room temperature.

• The aqueous phase was then transferred into a fresh tube.

• 1.25 volumes o f  100% ethanol was added to the aqueous phase and mixed 

thoroughly.

• The mixture was passed through the filter cartridge and centrifuged for 30 

second.

• The flow-through was discarded and the steps repeated until all o f  the 

lysate/ethanol mixture passed through the filter.

• 700 |j L o f  miRNA Wash Solution 1 was applied to the filter and centrifuged for 

15 seconds.

• The tlow-through was discarded and the cartridge was replaced into the same 

tube.

• 500 pL o f  W ash Solution 2/3 was applied and passed through the filter 

cartridge.

•  The step was repeated with another application o f 500 jiL o f  W ash Solution 2/3.

• The filter cartridge was replaced into the same tube and spun for 1 minute to 

remove the residual fluid from the filter.

• The filter cartridge was transferred into a fresh collection tube.

• 100 |iL o f  preheated (95“C) nuclease-free water was applied to the centre o f  the 

filter and centrifuged for 30 seconds to recover the RNA.

• The elute, which contained the RNA was then collected and stored at -20 °C.
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2.3.2 Technique 2: Modified TRI reagent® RT-Blood Protocol (Molecular 

Research Centre, Inc.):

TRI Reagent ® RT-Blood is an upgraded version o f  the single-step method o f RNA 

isolation. It is designed to isolate RNA from whole blood, plasma or serum samples. 

The product isolates RNA that is free o f  DNA contamination, as tested by 35-cycle 

PCR, therefore doesn’t need DNase treatment to use the isolated RNA in RT-PCR. TRI 

Reagent Blood is a reliable and cost-effective method o f RNA isolation. It combines 

phenol and guanidine thiocynate in a mono-phase solution to facilitate effective 

inhibition o f  RNase activity.

The reagents required but not supplied are 4-bromoanisole, isopropanol and ethanol 

The protocol includes 5 phases:

1. Homogenization or Lysis:

• 0.75 ml o f  TRI Reagent RT-Blood was mixed with 0.25 ml o f serum.

• The tube was closed and vortexed thoroughly after addition o f  TRI Reagent and 

left at room temperature for 5 minutes.

2. Phase separation

• The homogenate was supplemented with 100|il o f  bromoanisole per 0.75 ml o f 

TRI Reagent RT-Blood used for lysis.

• The samples were covered shaken vigorously for 15 seconds, vortexed for 15 

seconds, and then left at RT for 5 minutes.

• The resulting mixture was centrifuge at 13,400 re f for 15 minutes at 4°C.

• Following centrifugation, the mixture separates into a lower, red phenol phase, 

the interphase, and the upper aqueous phase. RNA remains in the aqueous phase 

whereas DNA and proteins are in the interphase and organic phase.

3. RNA Precipitation

• 0.5 ml o f  the aqueous phase was transferred to a fresh tube and the interphase 

and organic phase were saved at 4°C Or -20°C for subsequent isolation o f  DNA 

and proteins.
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• The 0.5 ml aliquot o f  the aqueous phase constitutes 80% o f  total volume o f the 

aqueous phase. The rem aining 20% o f  the aqueous phase was left undisturbed to 

prevent accidental collection o f  DNA from the interphase.

• RNA from the aqueous phase was precipitated mixing it with 375^! o f 

isopropanol. Samples were stored at room  temperature for 5-10 minutes, and 

then centrifuged at 13400rcf for 8 m inutes at 4°C. RNA precipitate forms a gel

like or white pellet on the side and bottom o f  the tube.

4. RNA Wash

• The supernatant was removed and the RNA pellet washed with 1 ml o f 75% 

ethanol by vortexing (20 seconds) and subsequent centrifugation at 13400rcf at 

4°C for 5 minutes.

5. RNA Solubilization

• The ethanol wash was removed and 25 |iL  o f  water was added to the RNA 

pellet.

• The samples were hydrated in water for 5-10 m inutes at room temperature.

• RNA was dissolved by vortexing for few seconds, and then centrifuged briefly.

2.3.3: Technique 3 RNAzol® RT Protocol (Molecular Research Centre, Inc.):

RNAzol® RT is described as the most effective reagent for isolation o f  RNA (total and 

small) from human, animal and plant samples. It isolates pure and undegraded RNA 

that is ready for RT-PCR without DNase treatment. It is based on the interaction o f

phenol and guanidine with cellular components without a need for chloroform-induced

phase separation to obtain a pure RNA.

Protocol:

• Samples were homogenized using 1 ml o f  RNAzol® RT per up to 0.4 ml o f 

blood.

• 0.4 ml o f  water per 1 ml o f RNAzol® RT used for homogenization was added. 

The resulting mixture was shaken vigorously for 15 seconds and stored for 5-15 

minutes.
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• Samples were centrifuged at 12,000 g for 15 min. Following centrifugation, 

DNA, proteins and most polysaccharides form a semisolid pellet the tube. The 

RNA remains soluble in the supernatant.

•  1ml o f  the supernatant (75% o f  the total supernatant volume) was transferred to 

a new tube, leaving a layer o f  the supernatant above the DNA/protein pellet.

•  5^1 (0.5% o f the supernatant volume) o f  4-bromoanisole was added to l ml 

o f  the transferred supernatant.

•  The resulting mixture was shaken for 15 sec, stored for 3-5 min and centrifuged 

at 12,000 for 10 min at 4-25°C.

• The RNA-containing supernatant obtained was transferred to a new tube.

• RNA was precipitated by m ixing 1 ml o f the supernatant with 1 ml o f 

isopropanol.

• Samples were stored for 10 min and centrifuged at 12,000 g for 10 min.

• The RNA was washed by m ixing the RNA pellet twice with 75% ethanol. The 

pellets were then centrifuged at 4,000- 8,000 g for 1 -3 min.

• The RNA pellet was dissolved without drying in water or Formazol® to 

approach the RNA concentration o f  1-2 )ig/ml. For solubilisation in water, the 

RNA pellet was vortexed at room temperature for 2-5 min.

2.4 Overview of RNA extraction from tissue

• One shredder column (purple) and one mini-column (pink) were placed in 

eppendorf spare collection tubes.

• Fresh tissue 30 mg was ground into the mortar with LN2 to a fine powder.

• The mortar was taken into the hood and using a new pestle, 700 |j I o f  QIAzol 

lysis was added. Grinding was continued until the powder was liquidified again 

(Disruption).

• Lysate was pipetted onto the purple shredder column in a 2 ml collection tube 

and centrifuged lysate at max speed for 2 min to homogenize 

(Homogenization). The supernatant was pipetted into a new 2ml collection tube 

and the pellet was discarded.
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• The tube containing the homogenate placed on the benchtop at room

temperature (15-25) for 5 minute, this step promotes dissociation o f  

nucleoprotein complexes.

• 140|il o f  chloroform added to the homogenate, cap it securely and shake it

vigorously for 15 seconds. Thorough m ixing is important for subsequent phase 

separation.

•  The tube containing the homogenate placed on the benchtop at room

temperature for 3 minutes.

• The homogenate centrifuged for 15 min at 12,000 x g at 4°C. After

centrifugation, the sample separates into 3 phases: an upper, colourless aqueous 

phase containing RNA; a white interphase; and a lower, red, organic phase. The 

volume o f  aqueous phase should be approximately 350|al.

•  The upper aqueous phase transferred to a new collection tube. 1.5 volume of 

100% ethanol added and mixed thoroughly by pipetting up and down several 

times.

•  W ithout delay 700 |j 1 o f the sample (including any precipitate) was applied to an 

RNeasy Mini spin column in a 2 ml collection tube and centrifuged for 15 

seconds at SOOOxg at room temperature (15-25). The flow through was then 

discarded (Washes). The above step was repeated using the reminder o f  the 

sample. The flow through discarded.

•  350|il o f  buffer RW T was pipetted into the RNeasy mini column and 

centrifuged for 15 sec at SOOOxg (10,000rpm) to wash. The flow through was 

then discarded.

•  10|il DNase I was added to 70|al buffer RDD mixed by gently inverting the 

tube, not vortex. The DNase incubation mix (80|al) was directly pipetted onto 

the RNeasy silica- gel membrane and place on the benchtop for 15 min at 20- 

30°C.

•  350|il o f  buffer RWT was pipetted into the RNeasy mini column and centrifuge 

for 15sec at SOOOxg (10,000rpm) to wash. The flow through and collection tube 

were then discarded.

•  Using a new collection tube, 500^1 RPE buffer was pipetted onto the column 

and centrifuged for 15 sec at SOOOxg (10,000rpm) to wash. The flow through 

was discarded and collection tube was reused.
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• Another SOOfil RPE buffer was pipetted onto the column and centrifuged for 2 

min at SOOOxg (10,000rpm) to dry the RNeasy silica-gel m em brane ensuring 

that no ethanol is carried over during RNA elution.. The flow through and 

collection tube were then discarded.

• The RNeasy column was transferred to a new 2ml collection tube and 

centrifuged at full speed for 1 min to eliminate any possible carryover o f RPE or 

ethanol.

• The RNeasy column was transferred to a new 1.5 ml collection tube. 30|xl 

RNAse-free water was directly pipetted onto the RNeasy silica-gel membrane 

and centrifuged for 1 min at SOOOxg (10,000rpm) to elute (Elution).

• Column was discarded and RNA concentration was determined by measuring 

the absorbance at 260nm (A260) in a spectrophotometer.

• Purified RNA was stored at -80°C in RNAse-free water.

RNA concentration and quality was measured using the NanoDrop® 1000 

Spectrophotometer

2.5 Nano-Drop 1000 Spectrophotometer (ND-1000)

RNA concentration and quality was measured using the NanoDrop® (Figure 2.2). The 

NanoDrop® is a full spectrum (220-750nm) spectrophotometer that measures l(.d 

sample with high accuracy and reproducibility. It utilizes a patented sample retention 

technology that employs surface tension alone to hold the sample in place and 

eliminates the need for cuvettes and capillaries, which decreases the m easurem ent cycle 

time. In addition, ND-1000 is capable o f  measuring highly concentrated samples 

without dilution (SOX increased concentration than the samples m easured by a standard 

cuvette spectrophotometer). To m easure nucleic acid samples, the “nucleic 

acid”application module was selected and then 

“RNA sample” was clicked.
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Figure 2.2 Nandrop ND-1000 Spectrophotometer and main software menu

2.5.1 Loading of samples (RNA and water blanks)

With the sampling arm open, the sample/blank was pipetted onto the lower 

measurement pedestal. Sampling ann was closed and measurement was initiated using 

the operating software on the PC. The sample arm slightly compresses the droplet and a 

sample column is automatically drawn (Figure 2.3). Surface tension alone holds the 

sample in place. The spectral measurement is then made and quantification is made 

based on the tightly controlled path length o f 1mm.

Figure 2.3 Loading of samples on Nanodrop® Spectrophotometer



When measurement was complete, the sampHng arm was opened and was wiped from 

both the upper and lower pedestals using a soft laboratory wipe to prevent sample 

carryover.

2.5.2 Blank measurement

The measurement pedestal surfaces were cleaned, Ijil water sample was loaded onto 

the lower measurement pedestal and 'O K ' button was clicked. Then a message 

“Initializing Spectrometer-please wait” appeared. When this message disappears, the 

instrument will be ready for use. Before m aking a sample measurement, a blank must 

be measured and stored.

After m aking an initial blank measurement, a straight line will appear on the screen; 

subsequent blanks will clear any sample spectrum. A blank sample was loaded and the 

'B lank ' button was clicked. The blanking buffer was wiped from both pedestals using a 

laboratory wipe. An aliquot o f  the blanking solution was analysed as i f  it were a sample 

by using the 'M easure' button. The result should be a spectrum with a flat baseline. 

Sample measurement was initiated after wiping the blank from both measurement 

pedestal surfaces.

2.5.3 Sample measurement

Following blank measurement, the sample was loaded exactly as described above. 1 /il 

samples were loaded to ensure accurate results when measuring aqueous RNA samples.

2.5.4 Interpretation of the results

A260/280 Ratio o f sample absorbance at 260 and 280 nm. The ratio o f absorbance at 

260 and 280nm provides an estimate o f  the purity o f  RNA with respect to contaminants 

that absorb in the UV spectrum. A ratio o f  -2 ,0  is generally accepted as “pure” for 

RNA. If the ratio is appreciably lower in either case, it may indicate the presence o f 

protein, phenol or other contaminants that absorb strongly at or near 280 nm. The 

A260/280 ratio is considerably influenced by pH; lower pH results in a lower ratio and 

reduced sensitivity to protein contamination.
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A260/230 Ratio o f  sample absorbance at 260 and 230 nm. This is a secondary m easure 

o f nucleic acid purity, being usually higher than the respective 260/280 values for 

“pure” nucleic acids. It is usually in a range o f  1.8-2.2; if  lower, it may indicate co- 

purified contamination.

Concentration (ng/jiil) Sample concentration in ng/^1 based on absorbance at 260nm 

minus the absorbance at 340 nm (i.e. normalized at 340 nm) and the selected analysis 

constant.

2.6 TaqMan® PCR

TaqM an was first known by researchers in 1991 at Cetus Corporation. Subsequently, 

the technology was then developed by Roche M olecular Diagnostics for diagnostic 

assays and by Applied Biosystems for research applications. The probes were named 

after the videogame PacMan (Taq Polymerase + PacMan = TaqM an) as its mechanism 

is based on the PacMan principle. The probes are hydrolysis probes that are designed to 

increase the specificity o f real time PCR-assays.

The TaqM an probes consist o f an 18-22 bp oligonucleotide probe which is labeled with 

a reporter fluorophore at the 5 ’end and a quencher fluorophore at the 3 ’ end. The probe 

depends on 5 ’-3 nuclease activity o f  Taq DNA polymerase to cleave a dual-labeled 

probe during hybridization to the complementary target sequence and fluorophore- 

based detection. The resulting fluorescence signal permits quantitative measurements o f 

the accumulation o f the product during the exponential stages o f the PCR; however, the 

TaqM an probe significantly increases the specificity o f the detection.

2.6.1 Real-Time PCR

Real-time Polymerase Chain Reaction (PCR) is a process, where the progress o f the 

reaction can be m onitored by a camera or a detector as it occurs, (i.e., in real time). It 

enables both the detection and quantification o f one or more than one specific 

sequences in a DNA sample. Therefore data is collected throughout the PCR process, 

rather than at the end o f the PCR. The TaqM an chemistry uses a fluorogenic probe to 

enable the detection o f a specific PCR product as it accumulates during PCR cycles. 

The TaqM an chemistry can be used for the following assay types;
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Quantitation, including:

One-step RT-PCR for RNA quantitation.

Two-step RT-PCR for RNA quantitation.

DNA/cDNA quantitation.

• Allelic Discrimination.

• Plus/Minus using an IPC.

How TaqMan probe works?

TaqMan MGB probe consist of:

A fluorophore (reporter dye), which covalently attached to the 5 ’-end o f  the 

oligonucleotide.

A nonfluorescent quencher (NFQ) at the 3 ’-end o f the probe.

A minor groove binder (MGB) at the 3 ’-end o f  the probe.

Two-step RT-PCR

Quantification using the Megaplex pool is done using two-step RT-PCR includes 

reverse transcription (RT) step, preamplification and PCR step.

Reverse transcription step

cDNA is reversed transcribed from total RNA samples using specific m iRNA primers 

and reagents from the M egaplex Primers and the TaqM an® M icroRNA Reverse 

Transcription Kit.

E x le n ^ n  ct p rtrrar on ml RNA
s

miRNA O  Looped 
RT priitii

8yTithest& ot llrst cDNA slrand

3

Figure 2.4. Step 1: Reverse Transcription
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Preamplifcation step

PCR products are uniformly amplified from cDNA templates using the M egaplex 

PreAmp Primers and the TaqM an® PreAmp M aster Mix.

Cycle »i

Extension of primer on cDNA

^^^oiwai^prinwi

Synthesis of second cDNA strand
S'

Cycle *2

PCR amplilicatlon of c D t^  

Forwand primer

J ' '
S ' '

. 6'
13 '

Rmerae prtner

Figure 2.5. Step 2: Pre-am plifcation Reaction

Real-Time PCR step

• When TaqM an probe is intact, the proxim ity o f  the quencher dye to the reporter 

dye reduces the fluorescence emitted by the reporter dye by fluorescence 

resonance energy transfer (FRET) through space.

• Each TaqM an probe anneals itself specifically to its complementary target 

between the forward and reverse prim er sites.

• The AmpliTaq DNA Polymerase extends the primers bound to the amplicon and 

cleaves the probes that are hybridizes to the target sequence.

• The cleavage o f  the probe results in:

• Separation o f  the reporter dye from the quencher dye, hence increasing the 

reporter dye signal, this fluorescence signal will indicate the level o f  the gene 

expression in the sample.

• Removal o f the probe from the quencher, which allows prim er extension to be 

continuing till the end o f  the template. Polymerization o f the strand continues 

without lengthening o f  the probe, because the 3 ’-end o f the probe is blocked.

70



Polym erization R = Reporter
Q = Quencher

Fcfward primer 3'

Bexersd primer

S trand  d isp lacem ent „t
C levage

? 3-

— — —  S'

Polym erization com pleted  ^
m _____ § 3-

-----------S'

Figure 2.6. Step 3: Real-Time PCR Reaction

2.7 Taqman® Array MicroRNA Cards

The TaqMan® Array Human MicroRNA Card Set v3.0 is a two card set containing a 

total of 384 TaqMan® MicroRNA Assays per card. The set enables accurate 

quantitation of 754 human microRNAs. Included on each array is three TaqMan 

MicroRNA Assay endogenous controls to aid in data normalization and one TaqMan® 

MicroRNA Assay not related to human as a negative control. The card evaluates from 

one to eight cDNA samples or controls generated from total RNA in a two-step RT- 

PCR experiment. This product requires the use o f Megaplex™ Primer Pools for 

miRNA reverse transcription and the optional Megaplex™ Pre-Amp Primers pre- 

amplification step prior to real-time PCR using the TaqMan® Array MicroRNA Card. 

The Taqman microfludic card and the layout can be seen in Figure 2.7, 2.8 and 2.9.
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Figure 2.7 Taqman m icrofluidic card
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h u - i i i l W i-n ll I w i I ) I w i i l ) ) w « l ! buHlifl Iw iiR hia^iiR huHiK kuH ljl I w i i R I w f l i l bu^fiR hu^fliR k t M l h » i « W ii R ku^mR k u - o R kU -K lI ku -a iR
S82'Sp 5 lt 590^!|i ■SB ■591 ■(15^3r 415^5p {16 411 ■«24 •«25 427 ■CZI^Sf 429 438 442 451 4S2 4S3 4 » 3 , 4 5 4 - if 455 480 4 7 1 3 p

h u - i i l l b i - n l l I w iR W i i l l b lH lI h u - i i l k iM l )»■■« h u ^ n l f tM j) t l M j I w i i l kuH lH S u -n R b i - n l l tlM liR k u ^ o R h i)- i« I w i i ! ku^aifl k u H ljl k u -n R h u -n R k i ) « R
417 m •IM -7U ■751 ■171 ■172 ■173 474 475^3r 47(^3p ■87(^5|i 4 1 5 3 ) 4as^sp 4 » 3 | 488^59 487 481 499 490 191) 491k 192) ■147

k u - n t b - « l l t w i n I w i i R b n l W i A b u ^ n f l h i » i ] ) tu ^ n ill W i i l b » j l b )^ iiR S u^ nR I w n l l b » R h » i i l k i l^ iR kii^w R k u ^ n R k u - n t k u^ nR
2H •211 ■212 ■2I9-1-3P ■21»2^3p ■221 ■221li ■22k 291 ■325 ■ 3 ( ■37k ■394 ■412 ■441 ■m 508 4 » 3 - S p ■511 ■517b ■5l9c-3r 52U S20i ■5201

t  Z 3 4 3 I ;  I S II  I t  V  U  14 IS R  n  t l  19 i t  21 2! a  24 P ol

Figure 2.8 Card A Layout

72



klMli M l M l M l IM I M l M l liMI 05 US hiHi IM I hiHi h M I M M hiHl IlHfl hlHil huR
J 3l>Sf 3N 3I»3) ■3* ■IJ* ■151* ■IE* idW aAlA •206 ■m «[* J024 ■371 ■3HI4I -IS7 1̂01* ■4S c « ■W

WhWI ilHnll M l M l M l M l M l bHiA nvJit IM I US US nofliR M l I M hwiA h M hM I h»fli IlHlll M hlHlll hlHil hlHlR
■la ■m •5I7‘ ■Slit* •il9i* ■S2» ■m V ■363* m m •r « ■Sfl <7 ■esi a •S51a ■ssz •5H ■5S4 ■SS ■557
limil M l M l M l M l M l M l M l» id MUU M l hiHd) IM I IM I M l M l M l Ii h A hM i l«Hi liHil Iwsfl

SI -SH ■553 !M ■set •SB S« ■SS ■SB SH SI ■m ■SK ■i» m W «0 W
|g»>ll M l M l M M l M l M Iih A IM I M l IM I h tn i IM I hM I M l h M M hiHii hM i hs»)l hlHlI hMR b iR

{X a Bl «3 ■W ■Hi ■TO ■am ■S! ■SS ■137 a W <41 <13 {14 «lt 417 W
k n d M l M l M M l M l M l M l hMI hM I IlHlifi loHlI IM I hM I hM I M l M IvhJ) M l hi»jl rM I hlHiR
W ■Bl ■W W ■U ■« ■«l mub ■571 ■m ■573 ■Si ■571 ■iK ■SI1 •sn ■514 ■SE ■29c* .» ■SE

M l M l M M M l M l IM I M l IlHlill M l I M IM I IM I hM I hlHlI hu-ii M hM ) ItHil hlHli hiMn b iR
« l ■ient ■Wf ■W ■»Sf ■n»Sf ■S^ K ■tiS ■Kt* ■mi* 2̂1* ■22* 2!* ■136* ■31k ■IE* ■IB* •IP -3k-l* ■3k̂2* J2* ji* ■«b*

IlMll M l ■Hll M l hlHI# M l M ilHlA I M i^nll hM I hiHil IM I hM I M l h M IM I htH# l»«jt hiHil hM t hlHlI hlHR
■V W W « * W ■a* ■3li‘ •377* ISti Jl* •1Z? ■13k* ■132* ■llte* ■3i a * •82̂ )' ■iihl* «* «* w ■100*

M IhhiA M M l M l M l M l M l M l hM I M l I M h M I M IM I IhhA h H t hlMil b 4 ( hlHlI hMR
■lai* ■U1‘ ■lU' ■114* ■l«* mt ■SI ■S3 ■m^ ■tall!* .1361* ■1«* ■ lb * ■14J* •2si>r ■2̂ 2* •IE* ■IBi* t-r ■V ■11* a *

M l M l IM I M l M l M l M l IM I IM I IM I M l M M h M M l h M h H t ItMlI Ii h II haHfl hlHR
.£3 n ■B7 ■9!l ■tl ■HI •33S* .» m ■w ■Hi* ■I2f ■541* •ITSSp « * * 411* in •15tî » * •IM
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Figure 2.9 Card B Layout

2.7.1 cDNA synthesis

TaqMan® MicroRNA Reverse Transcription kit was used to enable the conversion o f  

total RNA into single stranded cDNA (Applied biosystems 4366596).

Reagents required

TaqMan® MicroRNA Reverse Transcription kit 

Megaplex RT Primers (lOx) 

dNTPs with dTTP (lOOmM)

MultiScribe Reverse Transcriptase (50U/)j,L) 

lOx RT Buffer 

MgC12 (25mM)

RNase Inhibitor (20U/ |aL)

Nuclease-free water

The reverse transcription (RT) reaction has a final volume o f 7.5 |iL and contains:

3 )iL total RNA

4.5 |iL o f  RT reaction mix.
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Protocol

• The appropriate amount o f  RNA to give 350 ng was calculated and added to 

RNase-free water to produce a final volume o f  3^L.

• A negative Control was also included.

• The solution was mixed by pipetting and the samples were placed on ice to cool.

• All kit components were thawed on ice.

• RT Reaction Mix was prepared by calculating the volume o f  each o f  the 

components needed for the number o f  reactions, by referring to the table below;

Table 2.2 RT reaction mix components

RT Reaction Mix 

Components

Volume for 

One Sample 

(^L)

M egaplex RT Primers (lOx) 0.80

dNTPs with dTTP (lOOmM) 0.20

Multi Scribe Reverse 

Transcriptase (50U/|o.L)

1.50

lOx RT Buffer 0.80

MgC12 (25 mM) 0.90

RNase Inhibitor (20U/|j.L) 0.10

Nuclease-free water 0.20

Total 4.50

• The tubes were inverted six times to mix and centrifuged briefly.

• 4.5 (iL o f the RT reaction mix were pipetted into each tube.

• 3 )iL total RNA or 3 |iL  o f water for the negative control reactions were added

into each tube containing RT reaction mix.

• The tubes were inverted six times to mix and centrifuged briefly.

• The tubes were incubated on ice for 5 min.

• The tubes were loaded in 7900HT and thermal cycle shown in table 2.3 was run.
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Table 2.3 Therm al-cycling conditions

Stage Temp Time

Cycle 

(40 Cycles)

1 6 °C 2 min

42 °C 1 min

uooIT) 1 sec

Hold

uo00 5 min

Hold 4 °C ~

2.7.2 Pre-amplification Reactions

The preamplification step was also performed as detailed below and the reaction has a 

final volume o f 25 |aL and contains;

2.5 )iL RT product.

22.5 |iL  PreAmp reaction mix.

Protocol

• M egaplex PreAmp Primers were thawed on ice and m ixed by inverting six 

times and spun briefly.

• TaqM an PreAmp M aster Mix (2x) was mixed by swirling the bottle.

•  The following components were combined in a 1.5-mL m icrocentrifuge tube:

Table 2.4 PreAmp Reaction Mix Components

PreAmp Reaction Mix 

Components

Volume for 

One Sample 

(^L)

Volume for 

Ten Samples 

(^L)

TaqM an PreAmp M aster Mix (2x) 12.5 140.62

M egaplex PreAmp Primers (lOx) 2.5 28.13

Nuclease-free water 7.5 84.37

Total 22.5 253.12
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•  T he tubes w ere inverted  six tim es to m ix and centrifuged briefly.

•  22.5 (iL o f  PreA m p reaction mix was dispensed  into each tube containing the

RT product.

•  T he tubes w ere incubated on ice for 5 min.

•  T he tubes w ere loaded in 7900H T  and therm al cycle conditions detailed in table

2.8 w ere used.

Table 2.5 Therm al-cycling conditions

Stage Tem p Tim e

Hold 95 °C 10 min

Hold 55 “C 2 m in

Hold 72 °C 2 m in

C ycle 

(12 cycles)

o n 15 sec

60 °C 4 m in

Hold 99.9 °C 10 min

Hold 4  °C ~

• Tubes w ere rem oved from  the therm al cycler.

•  T he tubes w ere centrifuged briefly.

•  T he tubes w ere inverted six tim es to m ix and spun briefly.

2.7.3 Real-Time PCR Reactions 

Principle

In this step, the DN A  polym erase from  the TaqM an U niversal PCR  M aster M ix 

am plifies the pream plified  target cD N A  using sequence-specific prim ers and probe on 

the T aqM an M icroR N A  A rray. The presence o f  the target is detected  in real tim e 

through cleavage o f  the TaqM an probe by  the po lym erase 5 '- 3 ' exonuclease activity.

R eagents required

TaqM an U niversal PC R  M aster M ix 

D iluted P reA m p product 

N uclease-free w ater
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Protocol

• The diluted, stored PreAmp product was thawed on ice, mixed by inverting six 

times and centrifuged briefly.

• The TaqM an Universal PCR M aster Mix was mixed by swirling the bottle.

• The following components were combined in a 1.5-ml m icrocentrifuge tube:

Table 2.6 Taqman Low Density Arrays Components

Component Volume for one 

Array

TaqMan Universal PCR M aster Mix 

No AmpErase UNG< 2x

450

Diluted PreAmp product 9

Nuclease-free water. 441

Total 900

• The tube was inverted six times to mix and spun briefly.

• The Taqman Array Micro Fluidic Card was removed from its packaging and 

100 |j.L o f the PCR reaction mix were dispensed into each port o f  the TaqM an 

M icroRNA array.

• The array was centrifuged in a Sorvall/Heraeus bucket for l,200rpm  for 2 X 

Imin.

• The card was then removed, checked for uniform and consistent filling from 

reservoir to reservoir and sealed using the appropriate card sealer.

• The reservoirs were then trimmed from the Taqman array and the plate was then 

loaded into the 7900HT.
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7900HT Micro Fluidic Card W orkflow

Si«p 3
nw fMto  Fkjidtc

O fi Cad tor LoAling 
^«0MI i.r.t£s;

Figure 2.10 Schem atic of loading and analysing a M icro Fluidic card.

Meqapkx' M tgaplex’
RT PieAmp Piimeis

Figure 2.11 O verview o f basic product workflow.

The A and B content is fixed. Each is comprised o f  a M egaplex ™ RT pool, a 

M egaplex PreAmp Primer pool and a TaqM an® M icroRNA Array enabiling the 

quantitation o f  up to 381 miRNAs.
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2.8 Expression analysis

• The Taqman array is shipped with an array information CD. This CD is used for 

setting up the SDS file and running the array.

•  In the main menu, a new file was selected.

• In the New Document dialog box the following were selected from the drop

down menu; Relative Quantification

• 384-well Taqman Low Density Array.

•  A file is labeled and saved.

• The run was loaded and run using the 384-well Taqman Low Density Array

default thermal-cycling conditions.

• Once the card was run, the file was analyzed in a study format.

2.9 Data Analysis

• The SDS files were opened and the results were analysed.

• All detectors were selected and the amplification plots were viewed.

• The wells were checked individually. Unamplified wells were omitted and the 

files were saved in a separate labelled folder.

•  The SDS files were transferred into an RQ study.

• In the RQ study a new study was selected and labelled.

• A &B plates were added (10 plates at a time).

• Under table orientation detector centric was selected.

• The results were analysed and the file was saved.

•  Under analysis setting, a manual Baseline and CT was chosen and set to 0.2.

• W ithin tools data was selected then A Rnvs. cycle was chosen.

• A graph setting was selected and the setting was changed to linear. This was 

done for each o f  the nineteen samples.

• The amplification plots were viewed, and then the baseline was reviewed by 

going 3 cycles back from the point they amplified.

• Threshold was reviewed and the setting was changed to log. The same threshold 

setting was used across all samples within a study for a given assay and the file 

was saved.

•  W ithin table orientation plate centric was selected.
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• Files were exported and result data was chosen and saved one by one.

• DataAssist programme was downloaded from applied biosystems.

• A new study was selected and saved. About 20 samples can be included in each

study.

• Endogenous control was selected and plots were reviewed.

• In the result table CT values for each well and for each replicate group were

reviewed.

tooo

IOOOE-3

i » 4S0 10 20
Cytte

Figure 2.12 TaqM an Amplification plot

80



2.10 TaqMan® Small RNA Assays

Prepare the sample

Isolate and purify the total RNA

Perform reverse transcription 
65minutes

Prepare the RT reaction master mix

I
Prepare the RT reaction 

Perform reverse transcription

Perform the qPCR amplification 
120minutes

Thaw and m i^ th e  reagents

Calculate the number o f  reactions

Prepare the qPCR reaction mix

Prepare the reaction plate

Set up the experiment or plate document 
and run the plate

Analyze the data

View the ampl|^fication plots 

Set the baseline and threshold values

Figure 2.13 TaqMan® Small RNA Assays 

Procedural overview

Input quantity,

10 ng o f  total RNA per 15-^L RT reaction were used.

81



2.10.1 Preparation of the sample.

The starting material is total RNA. Total RNA was extracted using TRI- Reagent 

protocol.

2.10.2 Reverse transcription (RT)

Prepare the RT reaction master mix

The RT kit components were thawed on ice.

RT master mix components were combined in a 1.5 ml microcentrifuge tube

Table 2.7 List of reagents used for preparation of RT Master Mix

Component Master mix volume per 

15-)iL reactioni

lOOmM dNTPs (with dTTP) 0.15

MultiScribe™Reverse Transcriptase, 50 U/ |iL 1.00

10* Reverse transcription Buffer 1.50

RNase Inhibitor, 20 U/ fiL 0.19

Nuclease-free water 4.16

Total volume 7.00

• Each 15- i^L RT reaction consists o f l\xL master mix, 3 |iL primer, and 5 

(iLRNA samples.

• The components were mixed carefully and centrifuged.

• RT master mix was placed on ice till the RNA reaction had been prepared.

Preparation of the RT reaction

• 5xRT primer and RNA template were thawed on ice, vortexed and centrifuged 

briefly.

• For each 15|aL RT reaction, RT master mix and total RNA were combined in

the ratio o f 7^L RT master mix: 5|aL total RNA ( ItolO ng per reaction).

•  The solution was mixed gently and centrifuged.

• For each 15)iL RT reaction, 12.0 (iL o f RT master mix and total RNA was

dispensed into a 96-well reaction plate.
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• 3 |iL o f 5x RT primer from each assay set was transferred into the

corresponding plate well.

• The plate was mixed thoroughly and centrifuged.

• The plate was incubated on ice for 5 minutes before loading the thermal cycler. 

Reverse transcription

Table 2.8 RT Thermal cycle

Step Type Time (minutes) Temperature (°C)

HOLD 30 16

HOLD 30 42

HOLD 5 85

HOLD ~ 4

The reaction volume was set to 15.0|iL.

The reaction plate was loaded into the thermal cycler.

The reverse transcription had run.

2.10.3 qPCR amplification

TaqMan ®Assay (20x) and cDNA were thawed on ice, vortexed gently and 

centrifuged.

Mastermix reagent was mixed by swirling the bottle.

Calculate the number o f reactions

Three replicates of each reaction were performed. Each plate included the 

following:

• A small RNA assay for each cDNA sample.

• Endogenous control assay.

• No template controls (NTCs) for each assay on the plate.
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Table 2.9 qPCR amplification components

Component Volume per 20 |^L Reaction (fiL)

Single

reaction

Three

replicates

TaqM an®  Small RNA Assay (20X) 1.00 3.6

Product from RT reaction 1.33 4.80

TaqM an®  Universal PCR M aster Mix II (2X) 10.00 36.00

Nuclease-free water 7.67 27.61

Total volume 20.00 72.01

•  The tubes were closed, inverted several times, and centrifuged briefly.

PCR reaction plate

•  20 |iL  o f the complete qPCR reaction mix was transferred into each o f  the three

wells on a 96-well plate.

• The plate was sealed, with with a plastic thermostable cover (M icroAmp® 

Optical

Adhesive film. Applied Biosystems) ensuring that all sides and com ers were 

stuck down well with no gaping areas for evaporation.

•  The side tabs were removed and the plate was centrifuged for about SOsecs at 

400rpm.

• The plate was loaded into the 7900 HT Sequence Detection System (Applied 

Biosystems) and run.

Table 2.10: ABI Prism 7000 thermal cycler protocol

Step Enzyme Activation PCR

Cycles (40 cycles)

Hold Denature Anneal/extend

Temp(°C)

95 95 60

Time 10 minutes 15 seconds 60 seconds
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2.10.4 Preamplification of cDNA 

Materials:

PreAmp Primer (5x)

Product from RT reaction 

Taqman PreAmp M aster M ix (2x)

Nuclease free water

Method:

•  The cDNA was prepared as described previously

• The preamplification reaction mix was prepared in a sterile 1.5 ml tube using 

the following components.

Table 2.11 PreAmp Reaction Mix Components

PreAmp Reaction Mix Components Volume for one reaction (|il)

RT product 2.5

TaqMan PreAmp m aster Mix (2X) 12.50

PreAmp primer 3.75

Nuclease free water 6.25

Total volume 25.00

• The tubes were mixed and centrifuged briefly

Run the preamplification reaction

The software was set up using the following parameters;

1) Run mode: Standard

2) Sample volume; 25 |.il

3) Thermal cycler conditions
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Table 2.12 Thermal -  cycling condition

Step Type Time Temperature(°C)

Hold 10 mins 95

Hold 2 mins 55

Hold 2 mins 72

Cycle 
(12 cycles)

15 sec 95

4 mins 60

Hold 10 mins 99.9

Hold - 4

• 175 |il o f  0.1 X TE, pH 8.0 was added to each tube.

• The tubes were inverted and centrifuged briefly.

• The PCR reaction mix was prepared

Materials:

• Taqman M icroRNA assay (20x)

• Diluted PreAmp Product

• Taqman Universal PCR M aster Mix II 2x

• Nuclease free water

Method:

• Prepare the qPCR reaction mix:

• A sterile 1.5 ml microcentrifuge tube was obtained for each sample (to be run in 

triplicate).

• The following components were pipetted into each tube.

Table 2.13 PCR reaction mix components

Components Single reaction (|al) Triplicate (|il)

Taqman M icroRNA assay (20x) 1.00 -

Diluted PreAmp Product 0.20 0.68

Nuclease free water 8.80 29.7

Total volume 20.00 64.13

• The tubes were inverted and centrifuged briefly.
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Prepare the PCR reaction plate

•  19 |j 1 o f  the reaction m ix  was added to each o f  the three well on a 96 well plate.

•  1 |il o f  the 20x probe w as added to each well.

•  The p late  was sealed and then centrifuged briefly.

Run the plate

The real tim e PCR  system  softw are was set up using the fo llow ing param eters:

1) Run m ode S tandard

2) Sam ple volum e; 20 |al

3) Therm al cycler conditions

Table 2.14 Thermal -  cycling conditions

Step O ptional A m pE rase 
UNG activ ity

Enzym e activation PCR

C ycle (40 cycles)

Hold Hold D enature A nneal/E xtend

Tem perature 50 oC 95°C 95°C 60°C

Tim e 2 m inutes 10 m inutes 15 seconds 60 seconds

• The p late was loaded into the 7900 H T m achine and run.
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2.11 Reviewing the results o f a PCR run

• The data was autom atically saved in the hard drive and analysed by the SDS

software provided with ABI Prism 7900 Sequence Detection System.

• An amplification plot was received and the baseline and threshold values

selected, the results were then saved and exported to an excel format.

•  After completion o f  the reaction, the results were analysed and the fold changes

o f  each miRNA between malignant and benign samples were calculated.

• The fold change was equal to 2-AACT. First the equation AACT = [(Ct gene o f

interest -  Ct internal control) sample A- (Ct gene o f  interest -C t internal 

control) sample B)] must be calculated.

Sam ple

AR,

C
CE

Threshokl

No Template Control
B ase lin e

Cycle Number

Figure 2.14 Typical am plification curve from the SDS software
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2.12 MicroRNA profiling using Exiqon Platform

The Exiqon platform is based on proprietary LNA™  detection technology and it is a 

complete system for microRNA qPCR analysis from sample to results, which contains 

the following (Figure 2.15);

M iRCURY™  RNA Isolation Kits

• M iRCURY LNA™  Universal RT microRNA PCR, cDNA synthesis kit RNA

spike-in kits

• M iRCURY LNA™  Universal RT microRNA PCR, microRNA Panels and

individual prim er sets & custom LNA^^^ prim er sets

• M iRCURY LNA™  Universal RT microRNA PCR, SYBR® Green m aster mix

• Exiqon GenEx qPCR analysis software

- f

mlRCURY™RNA . . .  
Isolation Kits 

miRCURYLNA^ Universal 
RT microRNA PCR, cDNA 
syntiiesis Idt

mlRCURYLNA^ Universal RT ^  
microRNA PCR, microRNA Panels 
and individual primer sets 

miRCURY LNA™ Universal RT 
microRNA PCR, SYBR® Green 
master mix

RNA spike-in Idts

& custom LNA™ 
primer sets

Exiqon GenEx qPCR 
analysis software

iiil

Figure 2.15 LNA™ detection technology
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Locked Nucleic Acids (LNA^"^ is highly sensitive and specific for the analysis of 

small RNA targets.

LNA™  basics

• Increased Tm (Tm increases by 2 - 8°C per base)

• Improved mismatch discrimination

• High sensitivity and specificity in hybridization assays

LNA^M Universal RT microRNA PCR System enables robust m icroRNA profiling

in bio-fluids

Advantages

• Universal RT —> no bias, no pre-amplification

• LNA™  in two specific primers —> sensitivity and specificity

• Carrier RNA results in improved reproducibility

• Improves reproducibility and yield o f  RNA isolation

• Minimal sample loss

• Important when working with lim ited amounts o f  nucleic acid in bio-fluid 

samples

• Adding carrier RNA (MS2) improves reproducibility and yield o f RNA 

isolations

• Exiqon Diagnostics optim ized RNA isolation protocol from serum / plasma

• Use o f  spike-ins for QC

• M onitor co-purifying RNases or inhibitors:

• RNA isolation efficiency -  add to lysis buffer

• RT and PCR inhibition -  add to cDNA synthesis
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2.12.1 RNA extraction using Qiagen miRNeasy® Mini Kit (Exiqon)

Kit Contents

miRNeasy Mini Kit (50)

Catalog no. 217004

Number o f  preps 50

RNeasy® Mini Spin Columns (each packaged with a 

2 ml Collection Tube) 50

Collection Tubes (1.5 ml) 50

Collection Tubes (2 ml) 50

QlAzol® Lysis Reagent* 50 ml

Buffer R W T*t >8 ml

Buffer RPEJ 11 ml

RNase-Free W ater 10 ml

* Contains a guanidine salt. Not compatible with disinfectants containing bleach, 

t  Buffer RW T is supplied as a concentrate. Before using for the first time, add 2 

volumes o f ethanol (96% -100% ) as indicated on the bottle to obtain a working 

solution.

J Buffer RPE is supplied as a concentrate. Before using for the first time, add 4 

volumes o f ethanol (96-100% ) as indicated on the bottle to obtain a working solution.
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mIRNeasy Mini 
procedure

Cells/Tissues

13
I

t
1!
i

Lyse and homogenize

Add chloroform and shake 

Separate phases

Add ethanol to acqueos phase

Bind total RNA including small RNAs

Wash

Total RNA including small RNAs

Figure 2.16 overview of RNA isolation  

(Qiagen)
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2.12.2 Sample preparation

• Total RNA was extracted from serum using the Qiagen miRNeasy® Mini Kit.

•  Serum was thawed on ice and centrifuged at 3000 x g for 5 min in a 4°C 

microcentrifuge.

• An aliquot o f  200 |iL o f  serum per sample was transferred to a new 

microcentrifuge tube and 750 (il o f  a Qiazol mixture containing 1.25 (ig/mL o f 

MS2 bacteriophage RNA.

• The tube was mixed and incubated for 5 min followed by the addition o f  200 )iL 

chloroform.

• The tube was mixed, incubated for 2 min and centrifuged at 12,000 x g for 15 

min in a 4°C microcentrifuge.

• The upper aqueous phase was transferred to a new microcentrifuge tube and 1.5 

volume o f 100% ethanol was added.

• The contents were mixed thoroughly and 750 |xL o f the sample was transferred 

to a Qiagen RNeasy® Mini spin column in a collection tube followed by 

centrifugation at 15,000 x g for 30 sec at room temperature.

• The process was repeated until all remaining sample had been loaded.

• The Qiagen RNeasy® Mini spin column was rinsed with 700 |iL Qiagen RW T 

buffer and centrifuged at 15,000 x g for 1 min at room temperature followed by 

another rinse with 500 |aL Qiagen RPE buffer and centrifuged at 15,000 x g for 

1 min at room temperature.

•  A rinse step (500 |xL Qiagen RPE buffer) was repeated 2X.

• The Qiagen RNeasy® Mini spin column was transferred to a new collection 

tube and centrifuged at 15,000 x g for 2 min at room temperature.

•  The Qiagen RNeasy® Mini spin column was transferred to a new 

microcentrifuge tube and the lid was left uncapped for 1 min to allow the 

column to dry.

• Total RNA was eluted by adding 50 o f  RNase-free water to the membrane 

o f the Qiagen RNeasy® mini spin column and incubating for 1 min before 

centrifugation at 15,000 x g for 1 min at room  temperature.

• The RNA was stored in a -80°C freezer
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Workflow

miRCURY LNA™ Unlwreal RT mlcroRNA PCR
AJI microRNAs are potyadenylaCBd and rBviarse transcnted into cDNA 
in a sir>gle rsaction step.
cDNA and SYBR Green maslarrnx are transferred ta qPCR panels 
preloaded with primers, using a pipatttng robot. Amplrficab'On is 
performed in a Roche Ughlcyder 460.

1
Data oollection aitd QC
Raw Cp values ar»d malbng points, as detected by the Lightcyder 
software, are exported. Readbons with several melting points, or with 
melting paints that are not within assay specifications, are flagged and 
rermved from data set. Reactions with amplification efficiency below 
1.6 are also rerrK>ved.

t
Negative control evaluation
Reactions giving Cp values that are within 5 Cp values of the negative 
controis naacton. are removed from the dataset

t
Normalization
All data are normalized to correct for potential overaJI differences 
between the samples. The normalization procedure is optimtzed for 
each project.

t
Data Bnalysls
The control assays are evaluated. Unsupervised data analysis is 
performed. Depending on the experimental setup and the provided 
information regarding the prq act, the ralavant data analysis is 
performed.

Figure 2.17 Workflow for qPCR panel experiments in Exiqon Services
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2.12.3 miRCURYTM microRNA QC PCR Panel

The kit (Table 2.15) contains the following RT-qPCR assays for use with the 

miRCURY LNATM Universal microRNA PCR system.

RNA quality assessment PCR panel reagents

Table 2.15 Components of the mircoRNA QC PCR panel

Assay

(common name)

Human, 

miRbase v l8

Mouse, 

miRbase v l8

MicroRNA assay miR-103 hsa-miR-103a-3p mmu-miR-103-3p

MicroRNA assay miR-191 mmu-miR-191-5p mmu-miR-191-5p

MicroRNA assay miR-451 hsa-miR-451a m m u-451

MicroRNA assay miR-23a hsa-miR-23a-3p mmu-miR-23a-3p

RT assay UniSp6 - -

Spike-in assay UniSp2 - -

Spike-in assay UniSp4 - -

Spike-in assay UniSpS - -

RT assay cel-39-5p - -

M icroRNA assay miR-30c hsa-miR-30c-5p mmu-miR-30c-5p

M icroRNA assay miR-124 hsa-miR-124-3p m mu-miR-124-3p

Inter plate

Calibrator/PCR

Control

UniSp3
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Extensive QC and data analysis pipeline

•  Automated, user-guided QC pipeline

•  Data flagging and cleanup customized for qPCR platform

• Diverse normalization protocols implemented

• Comprehensive QC report

• Visualization o f  potential technical and sample biases

•  Identify samples that may be affected by contamination from blood cells

Normalisation

Set limit

Raw Data

Flagging

Data clean up

Data analysis

Figure 2.18 QC and data analysis pipeline
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Layout o f the plate

The layout o f the two panels is a replicate o f the 12 assays as seen in Figure 2.19. The 

96 well format contains assays for 8 samples and the 384 well format contains assays 

for 32 samples.

UniSp6 UniSp2 UniSp4 UniSpB cel-39-5p 

Figure 2.19 Plate Layout

Protocol

• Each o f  the template RNA samples was adjusted to a concentration o f  5ng /|jl 

using nuclease free water.

• The 5x Reaction Buffer and nuclease free water were thawed gently and 

immediately placed on ice and mixed by vortexing.

•  The RNA spike-in UniSp6 and cel-39-3p were re-suspended according to the 

description in the Spike-In manual. Immediately before use, the enzyme mix 

was removed from the freezer, mixed by flicking the tubes and placed on ice. 

All reagents were spun down.

• cDNA was synthesized by combing reagents according to Table 2.16

Table 2.16 RT reaction mix components

Reagent Volume (fil)

5x Reaction buffer 2

Nuclease free water 4.5

Enzyme mix 1

Synthetic spike-in mix 0.5

Template total RNA 2 (5ng/fil)

Replace with water if  omitted

Total volume 10
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•  The reaction was mixed by very gentle vortexing or pipetting to ensure that all 

reagents were thoroughly mixed. After mixing, the reaction was spun down.

•  2 )il RNA was reverse transcribed in 10 |il reactions using the miRCURY 

LNA^^^ Universal RT microRNA PCR, Polyadenylation and cDNA synthesis 

kit (Exiqon).

•  Each RT was perfonned in duplicates, including an artificial RNA spike-in 

(UniSp6). cDNA was diluted 50 x and assayed in 10 |al PCR reactions 

according to the protocol for miRCURY LNA™  Universal RT microRNA 

PCR; each microRNA was assayed once by qPCR using assays for miR-103, 

miR- 191, miR-23a, miR-30c, and miR-451 for the training set and. For 

validation; each microRNA was assayed once by qPCR on the microRNA 

Ready-to- Use PCR, custom Pick& Mix panel (Figure 2.20).

•  In addition to these miRNA assays, the RNA spike-ins were assayed. Negative 

controls excluding template from the reverse transcription reaction was 

performed and profiled like the samples.

Figure 2.20 Pick & Mix panel
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2.12.4 Data analysis

• The amplification was performed in a LightCycler® 480 Real-Time PCR 

System (Roche) in 384 well plates.

• The amplification curves were analyzed using the Roche LC software, both for 

determination o f  Cp (by the 2nd derivative method) and for melting curve 

analysis.

• The amplification efficiency was calculated using algorithms similar to the 

LinReg software.

• All assays were inspected for distinct melting curves and the Tm was checked to 

be within known specifications for the assay.

•  Furthermore assays must be detected with 5 C p’s less than the negative control, 

and with Cp<37 to be included in the data analysis. Data that did not pass these 

criteria were omitted from any further analysis.

• Using Norm Finder the best normalizer was found to be the average o f  assays 

detected in all samples. All data was normalized to the average o f  assays 

detected in all samples (average -  assay Cp).
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2.13 CA125& HE4 protocols (FujiRebio)

2.13.1 HE4 EIA

Components:

Table 2.17 HE4 protocol components

Component Quantity

M icroplate (streptavidin M icroplate) 1 plate

HE4 Calibrators A 8 mL

HE4 Calibrators B-F 1 mL

HE4 Controls 1& 2 1 mL

Biotin (Anti-HE4) 15 mL

Tracer, HRP Anti-HE4 0.75 mL

Tracer Diluent 15 mL

TMB HRP-Substrate 12 mL

Stop Solution 15 mL

Wash Concentrate 50 mL

Materials required but not supplied with the kit:

1. M icroplate shaker:

medium to vigorous shaking should be, approxim ately 700-1100 

oscillations/min.

2. Distilled or deionized water:

For reconstitution o f HE4 Calibrators, HE4 Controls and for preparation o f 

diluted wash Solution.

Preparation of reagents for HE4 & CA125 

HE4 Calibrators

Exactly 1.0 mL o f  distilled or deionized water was added to each vial and was allowed 

to stand for 15 m inutes to reconstitute. The vials were then mixed gently before use.
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HE4 Controls 1 and 2

Exactly 1.0 mL o f distilled or deionized water was added to each vial and was allowed 

to stand for 15 minutes to reconstitute. The vials were then m ixed gently before use.

Wash Solution

50 mL o f  wash concentrate was poured into a clear container and was diluted (25 fold) 

by adding 1200 mL o f  distilled or deionized water to give a buffered W ash Solution.

Tracer working solution

The contents o f  the Tracer, HRP Anti-HE4 were poured into the vial o f  Tracer Diluent 

and were mixed gently.

Procedure:

1. Reagents were allowed to reach room temperature (20-25°C ) prior to use. 

Frozen specimens were gently and thoroughly mixed after thawing.

2. Strips were marked before starting to pipette calibrators and patient specimens.

3. The required num ber o f  microplate strips was transferred to a strip frame.

4. The wells were completely filled to the top edge with wash solution, wash 

solution was dispensed at a good flow rate, and the aspiration o f  the wells was 

complete and that the wells were empty.

5. 25 |aL o f  each o f  the HE4 Calibrators (CAL A, B, C, D, E and F), HE4 Controls 

(C1,C2) were pipetted and unknown specimens (Unk) into the strip wells 

according to the following scheme:
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Figure 2.21 HE4 plate layout

6. 100 |j L o f  Biotin Anti-HE4 was added to each well using a 100 |aL precision 

pipette (or an 8-channel 100 jaL precision pipette).

7. The plate was incubated for 1 hour (± 10 min) at room  tem perature (20-25°C), 

constantly using a m icroplate shaker.

8. The strip was aspirated and washed 3 times using the wash procedure described 

in step 4.

9. 100 pL o f  Tracer working solution was added to each well using the same 

pipetting technique as described in item 6 above.

10. The frame was incubated for 1 hour (± 5 min) at room tem perature (20-25°C ) 

with constant shaking.

11. The strip was aspirated and washed 6 times using the wash procedure described 

in step 4.

12. 100 |j L o f  TM B HRP-Substrate was added to each well using the same pipetting 

technique as described in item 6 above.

13. The frame was incubated for 30 min (± 5 min) at room tem perature (20-25°C ) 

with constant shaking.

14. 100 |iL o f Stop Solution was added, mixed and the absorbance was read at 405 

nm in a microplate spectrophotom eter within 15 min after addition o f Stop 

Solution.
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2.13.2 CanAg CA125 EIA 

Components:

Table 2.18 CA125 protocol components

Component Quantity

M icropla(streptavidin M icroplate) 1 plate

CA125 Calibrators OU/ml 8 mL

CA125 Calibrators (10,40,200,500) 

U/ml

0.75 mL

CA125 Controls 1& 2 0.75 mL

Biotin (Anti-CA125) 15 mL

Tracer, HRP Anti-CA125 0.75 mL

Tracer Diluent 15 mL

TMB HRP-Substrate 12 mL

Stop Solution 15 mL

Wash Concentrate 50 mL

Procedure:

1. Reagents were allowed to reach room temperature (20-25°C ) prior to use. 

Frozen specimens were gently and thoroughly mixed after thawing.

2. Strips were m arked before starting to pipette calibrators and patient specimens.

3. The required num ber o f  microplate strips was transferred to a strip frame.

4. The wells were completely filled to the top edge with wash solution, wash 

solution was dispensed at a good flow rate, and the aspiration o f  the wells was 

complete and that the wells were empty.

5. 25 (iL o f  each o f  the CA125 Calibrators (CAL 0, 10, 40, 200 and 500), CA125 

Controls (C1,C2) were pipetted and unknown specimens (Unk) into the strip 

wells according to the following scheme:
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Figure 2.22 CA125 layout

6. 100 |aL o f  Biotin Anti-CA125 was added to each well using a 100 fiL precision 

pipette (or an 8-channel 100 |j L precision pipette).

7. The plate was incubated for 2 hour (± 10 min) at room temperature (20-25°C), 

constantly using a microplate shaker.

8. The strip was aspirated and washed 3 times using the wash procedure described 

in step 4.

9. 100 |aL o f  Tracer working solution was added to each well using the same 

pipetting technique as described in item 6 above.

10. The frame was incubated for 1 hour (± 5 min) at room temperature (20-25°C ) 

with constant shaking.

11. The strip was aspirated and washed 6 tim es using the wash procedure described 

in step 4.

12. 100 (iL o f  TM B HRP-Substrate was added to each well using the same pipetting 

technique as described in item 6 above.

13. The frame was incubated for 30 min (± 5 min) at room temperature (20-25°C ) 

with constant shaking.

14. 100 |j L o f  Stop Solution was added, mixed.

15. The plate was incubated for 1 min at room temperature (20-25°C), constantly 

using a microplate shaker.

16. The absorbance was read at 405 nm in a m icroplate spectrophotom eter within 

15 min after addition o f  Stop Solution.
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Calculation of the results

For automatic calculation o f  HE4 and CA125 results. Cubic spline curve fit method 

was used. Calibrator A (HE4) and calibrator 0 (CA125) were included in the curve with 

the value 0 pM.

Calculation of results with diluted samples

For samples with an initial analysis o f HE4 level higher than 900 pM and o f  CA125 

level higher than 500U/ml, the samples were diluted 1/10 and 1/100 with HE4 

calibrator A and CA125 calibrator 0 to obtain the accurate concentration o f  the 

samples.

HE4:

1/10 dilution = 50 (iL o f  specimen + 450 [iL o f  HE4 Calibrator A 

1/100 dilution = 50 |iL o f  1/10 dilution + 450 |.iL o f  HE4 Calibrator A 

The HE4 concentration o f  the undiluted sample was then calculated as:

Dilution 1/10: 10 x measured value 

Dilution 1/100: 100 x measured value

CA125:

1/10 dilution = 50 pL o f  specimen + 450 ixL o f  CA125 Calibrator 0 

1/100 dilution = 50 (jL o f 1/10 dilution + 450 |xL o f  CA125 Calibrator 0 

The CA125 concentration o f the undiluted sample was then calculated as:

Dilution 1/10: 10 x measured value 

Dilution 1/100: 100 x measured value
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2.13.3 Risk o f Ovarian M alignancy Algorithm  (RO M A) for estim ating the risk of  

epithelial ovarian cancer in prem enopausal and postm enopausal women 

presenting with adnexal mass

Risk o f Ovarian M alignancy Algorithm  “ RO M A” index

The algorithms were developed using pooled data from a prospective pilot study 

conducted at W omen and Infants’ Hospital o f  Rhode Island (W IHRI) (N=219) and a 

retrospective case-control study conducted at M assachusetts General Hospital (N=236). 

In the formal study logistic regression was used to classify wom en presenting with 

pelvic mass into low, moderate and high-risk groups o f  women who underwent surgery 

for pelvic mass. A separate logistic regression algorithm s for prem enopausal and 

postmenopausal women were developed to separate patients into low and high-risk 

groups in the second study.

The two logistic regression formulae, which included model intercept terms adjusted to 

account for the sampling scheme in the case-control study, coefficients for the natural 

log (LN) o f  the HE4 values, and coefficients for the LN o f  the CA125 values, are 

shown below depending on m enopausal status o f the woman (169).

• Premenopausal woman

Predictive Index (PI) = -12.0 + 2.38*LN [HE4] + 0.0626*LN [CA125]

• Postmenopausal woman

Predictive Index (PI) = -8.09 + 1.04*LN [HE4] + 0.732*LN [CA125]

Calculation o f ROM A value (i.e. Predictive Probability)

To calculate the ROM A value, the calculated value for Predictive Index was inserted 

into equation as displayed below:

ROMA value % = exp (PI) / [ 1 + exp (PI)] * 100

In collaboration with Professor Max Petzold, based in A kadem istatistik-Centre for 

Applied Biostatistics at University o f  Gothenburg a new ROM A and HE4 cut o ff was 

developed in this study for a symptom atic population and compared to the standard cut
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off which was generated for a screening population. Tailored cut offs were developed 

based on the current data with a specificity sat at 75% to gain more sensitivity.

Table 2.19 Examples o f the results, which were validated using 

calculations o f  PI and PP

Status HE4
(pM)

CA125
(U/mL)

PI calculation PI ROMA
(%)

Premenopausal 37.5 74.9 -12.0+(2.38*3.624)+(0.0626*4.316) -3.10388 4.29%

Premenopausal 386.6 21.8 -12.0+(2.38*5.957)+(0.0626*3.082) 2.371517 91.5%

Postmenopausal 66.7 11.3 -8.09+( 1.04*4.200)+(0.732*2.425) -1.94683 12.5%

Postmenopausal 383.1 22.7 -8.09+( 1.04*5.948)+(0.732*3.122) 0.381799 59.4%
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Chapter 3 

Epidemiological Analysis of 

DISCOVARY Bioresource
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3.1 Introduction

A DISCOVARY Bioresource was established in 2005 in the department o f Obstetrics 

& Gynecology in Trinity College Dublin. This bioresource contains serum, blood and 

tissue from patients undergoing surgery for ovarian cancer and benign ovarian disease 

in St James’s Hospital Dublin. The study was approved by St James’s 

Hospital/Adelaide and Meath Hospital incorporating the National Children’s Hospital 

research ethics committee. Informed consent was obtained from all participants. This 

chapter describes the first epidemiological analysis on the DISCOVARY Bioresource.

3.2 Aim

The aim o f the study is to carry out an epidemiological analysis and to determine the 

influence o f certain demographic features e.g. Age, weight, smoking, menopausal 

status, as well as debulking status and stage, grade o f cancer on the development and 

outcome o f ovarian cancer.

3.3 M aterial and M ethods

3.3.1 Population

Women were recruited in the study through St James’s Hospital Gynaecology 

Oncology Unit, Dublin from March 2005 to December 2012. Enrolment was on the 

basis of being referred for surgery for benign ovarian disease or ovarian cancer. 

Patients with primary peritoneal cancer were also included as a subgroup as these are 

managed in the same way as ovarian cancer. In total 637 women were originally 

enrolled, with 54 excluded due to non-ovarian origin, so the final number o f women 

included in the study was 583 (Figure 3.1).

3.3.2 Data collection

The women’s informed consent was obtained and all clinical and demographic details 

were recorded in the DISCOVARY database. The database records prospectively all 

clinicopathological features such as patient, age, nationality, smoking, alcohol 

consumption, menopausal status, weight, parity, use o f oral contraceptive pills, family 

history o f cancer as well as type of cancer (histology, stage, grade), treatment (type o f 

surgery, chemotherapy) and survival.
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3.3.3 Statistical analysis

All data were recorded in M SAccess (M icrosoft Corporation; Seattle, W A, USA). The 

statistical analysis was performed using PASW  Statistics v 18.0. For each variable, 

m edians and inter-Quartile range (IQR: 25th-75th percentiles), and counts (expressed as 

percentages) were computed to describe the continuous and categorical variables, 

respectively. Differences in variables between patients with and without ovarian cancer 

were assessed using the Chi-Square test for categorical variables. For continuous 

variables M ann W hitney test was used as appropriate.

Survival analysis takes the survival times o f  a group o f  subjects and generates a 

survival curve, which shows how many o f  the m em bers remain alive over time. 

Survival tim e is defined as the length o f  the interval between diagnosis and death. The 

overall survival (OS) was m easured in months from the date o f  surgery. Progression 

free survival (PFS) was determined as the survival time (months) from the date o f  

surgery to the time o f  last follow-up for those with no evidence o f  disease, or the 

num ber o f  months to time o f  relapse for those with evidence o f  progressive disease or a 

recurrence after surgery and treatment. Several m ethods have been developed for 

calculating OS and PFS. The most common one is the K aplan-M eier procedure (293), 

which estimates tim e-to-event models in the presence o f  censored cases. Censored 

cases are cases for which the second event (death /recurrence) is not recorded. Patients 

that were still alive or had not progression were censored.

Kaplan-M eier was used to estimate overall survival tim e and progression free survival 

in cancer patients and survival time was compared by log-rank test. All significance 

testing was two-sided and p<0.05 were considered statistically significant. The log-rank 

was used for univariate analysis and a Cox proportional hazards regression model (294) 

was used for m ultivariate evaluation o f  survival rates. Like Kaplan-M eier analysis, Cox 

Regression is a m ethod for m odelling tim e-to-event data in the presence o f  censored 

cases. However, Cox Regression allows you to include predictor variables (covariates) 

in your models to assess the effect o f  each predictor on the shape o f  the survival curve. 

The covariates can be categorical or continuous variables. Odds Ratio (OR) and 95% 

confidence intervals (95%CI) were calculated using m ultivariate logistic regression.
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Originally recruited women 637
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Non-ovarian origin
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Final number recruited 583

N=583
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Figure 3.1 Study population
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3.4 Results

O f the 583 women enrolled in the study, 167 were diagnosed with primary ovarian 

cancer, and 10 with primary peritoneal cancer, 57 (50 with ovarian cancer, 7 peritoneal 

cancers) that had received neoadjuvant chemotherapy, 33 recurrent ovarian and 

peritoneal cancers, 237 with benign disease, 67 women with borderline disease and 12 

were normal.

3.4.1 Nationality

96% of the women recruited in the study were Irish (560 women) from different parts 

o f the country. 4% of women came from other European, Asian, American and African 

countries as shown in Figure 3.2.

■ Irish (96% )

■ British (1% )

■ Finnish (0.3% )

■ N igerian (0.3% )

■ Pakistani (0.3% )

■ A lbanian (0.1% ) 

■ C hinese (0.1% )

■ Georgian (0.1 %) 

■ G erm an (0.1% )

Figure 3.2 Breakdown of population according to nationality

3.4.2 M enopausal Status

The women enrolled in the study were divided into 2 groups, premenopausal and 

postmenopausal. Menopause is defined as the time o f the last menstrual period in those 

women who have not had a hysterectomy. Women, who have their ovaries removed 

however, go immediately into full surgical menopause, regardless of their age. An early
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menopause can be related to chemotherapy, radiation and the surgical removal of the 

ovaries, with or without the removal o f the uterus. In this study 176 women were 

premenopausal and 407 women were postmenopausal as shown in Figure 3.3.

■ Postmenopausal 407 (70%)

■ Premenopausal 176 (30%)

Figure 3.3 Menopausal status

3.4.3 Age

The median age of women recruited in the database and diagnosed with ovarian or 

peritoneal cancer was 63 years, while the median ages for women diagnosed with 

borderline and benign disease were 53 and 52 years respectively. The median age of the 

malignant group was significantly different from the median ages of the borderline and 

benign groups, however, the median age o f the borderline group was not significant 

different from that o f the benign group (Figure 3.4). When groups were split into 

premenopausal and postmenopausal groups, there was no significant difference within 

the two groups.

In the premenopausal group the median age o f women diagnosed with borderline and 

malignant disease was 44 years; while for women who developed benign disease was 

41 years. In the postmenopausal group, the median age o f women diagnosed with 

malignant disease was 63 years and 61 years for women, who had borderline tumours 

and benign disease as displayed in Table 3.1.
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Figure 3.4 Age distribution in prem enopausal and postm enopausal 

wom en recruited in the study

“outlier

M edian age in women diagnosed with malignant disease was significantly higher than 

the median weight in women diagnosed with benign or borderline disease

(p<0.01)

Table 3.1 M edian age o f premenopausal and postmenopausal 

women recruited in the study

M enopausal status Benign Borderline M alignant

Premenopausal 41 44 44

Postmenopausal 61 61 63
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3.4.4 Weight

All women who were admitted for surgery were weighed prior to their surgery and their 

weights were recorded in their medical charts. 75.2% o f the women enrolled in the 

study had their weights recorded, while 24.8% did not have recorded weights. The 

median weight in the benign group was 70 kg, and the median weight in the malignant 

group (including borderline tumours) was 67kg. Statistical analysis was performed and 

showed that the weight o f  the women diagnosed with benign disease was significantly 

higher than the weight o f  women diagnosed with borderline and m alignant disease 

(Figure 3.5). W hen women were split into premenopausal and postmenopausal groups, 

there was no significant difference between the two groups.

P<0.01

100-

£
S >  75- 
0>
3

MalignantBenign Borderline

Figure 3.5 Median weight of women enrolled in study 

according to histology

M edian weight in women diagnosed with benign disease was significantly higher than 

the median weight in women diagnosed with malignant or borderline disease

(p<0.01)
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3.4.5 Sm oking

Women were divided into 3 categories based on their smoking habit; these categories 

are smokers, non-smokers and ex-smokers. O f the 583 women enrolled in the study, 

141 women smoked, 339 did not smoke and 92 women were ex-smokers. No data was 

obtained for 11 women (Figure 3.6). The number o f premenopausal women who 

smoked was higher than that o f the number o f postmenopausal who smoked (29.5% 

&22.8% respectively), as displayed in Table 3.2.

■Smoker 141 (24%)

' Non-smoker 339 (58%) 

' Ex-Smoker 92 (16%) 

•Unknown 11 (2%)

Figure 3.6 Sm oking habit and m alignancy

Table 3.2 Sm oking habit in prem enopausal and postm enopausal women

Menopausal status Smoker Non-smoker Ex-smoker Unknown

Premenopausal 52 (29.5%) 103 (58.5%) 18 (10.2%) 3 (1.8%)

Postmenopausal 89 (22%) 236 (58%) 74(18.1% ) 8(1.9% )

No significant association was observed in the number o f women, who smoked and 

developed invasive disease (including borderline) compared to the women who smoked 

and did not develop the disease in premenopausal and postmenopausal women.
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3.4.6 Alcohol consumption

O f the 583 women recruited in the study, 364 women consumed alcohol as compared to 

207 who did not drink. No data was obtained for 12 women, who were recruited in the 

study (Figure 3.7).

For the purpose o f assessing the relationship between alcohol and development of 

ovarian cancer the borderline category has been grouped with the malignant group. 193 

(34%) women consumed alcohol and developed the disease compared to 171 (30%) 

women who consumed alcohol and did not develop the disease. The number o f women 

with malignant disease who did not consume alcohol was 132 (23%) compared to 75 

(13%) women who did not consume alcohol and did not develop the disease (Figure

■ Alcohol 364 (62%)

■ Non-alcohol 207 (36%) 

■Unknown 12(2%)

Figure 3.7 Alcohol Consumption

3.8).
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Figure 3.8 Alcohol consumption and development of ovarian cancer 

In premenopausal and postmenopausal women

Table 3.3 Alcohol consumption in premenopausal and 

Postmenopausal women

M enopausal status Alcohol Non-alcohol Unknown

Premenopausal 130 (73.8%) 43(24.5% ) 3 (1.7%)

Postmenopausal 234 (57.5%) 164 (40.3%) 9 (2.2%)

W hen groups were split into premenopausal and postm enopausal groups. The num ber 

o f  prem enopausal women who consumed alcohol was higher than that o f  the num ber o f 

postm enopausal who consumed alcohol (73.8%  & 57.5%  respectively), as displayed in 

Table 3.3. No significant association was observed in the num ber o f  women, who 

consumed alcohol and developed ovarian cancer compared to the women who did not 

consume alcohol and had not the disease in premenopausal and postmenopausal 

women.

The vast m ajority o f  women (352 women), who consum ed alcohol were social drinkers 

and this constituted 96.7%  o f the total, while 12 wom en (3.3%) were heavy drinkers.
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and this figure was equally distributed between premenopausal and postm enopausal 

groups (Figure 3.9).

■Heavy drinkers 12 (3.3%) 

'Social drinkers 352 (96.7%)

Figure 3.9 Breakdown of drinking habit
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3.4.7 Parity

A higher number o f ovarian cancers were seen in women; who were nulliparous or had 

a low parity. In contrast the lowest number o f cancers was seen in women o f high parity 

(Figure 3.10)

B<L>
Eo
O
0 )

X )
E
3z

6 and more

Figure 3.10 Relationship o f parity with 

developm ent o f ovarian cancer

Tables 3.4 & 3.5 displayed the degree o f parity in premenopausal and postmenopausal 

women, who were diagnosed with benign and malignant disease. When parity was 

broken down according to menopausal status, it was found that the number of 

postmenopausal women o f low parity, who developed cancer, was higher than that of 

premenopausal women. Over twice as many women in the postmenopausal group, who 

were nulliparous or o f low parity developed ovarian cancer and this change was 

significant (p<0.05).
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Table 3.4 Relationship of parity and development of disease 

in premenopausal women

Parity

Histology 0-2 3-5 6 and more

Benign 76 28 -

Malignant 53 19 -

Total 129 47

Table 3.5 Relationship of parity and development of disease 

in postmenopausal women

Parity

Histology 0-2 3-5 6 and more

Benign 61 60 24

Malignant 137 95 30

Total 198 155 54

3.4.8 Family history

O f the 267 women diagnosed with malignant disease, 176 (66%) had a family history 

of cancer, while 58 (21.8%) women had no family history o f cancer and 33 (12.2%) 

women had no family history documented data (Figure 3.11). Approximately 75% of 

women with a positive family history o f cancer had a history o f ovarian, breast or 

colorectal cancer.
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■ Family history o f  cancer 176 
(66%)

■ No family history o f cancer 58 
(21.8%)

■ Not documented 33 (12.2%)

Figure 3.11 Ovarian cancer and family history

The number o f women, who had a family history o f cancer and developed cancer was 

higher than the number o f women, who did not have any family history of cancer and 

developed the disease and this difference was significantly different (p<0.01) in both 

premenopausal and postmenopausal women.

3.4.9 Oral contraceptives

Women enrolled in this study were categorized into two groups, oral contraceptive 

users and non-users. No data was available for 83 (14.2%) women at the time o f follow 

up. The number o f premenopausal women who had not used OC and developed the 

disease was 28 compared to 38 women who used OC and had the disease. In 

postmenopausal group 182 women did not use OC and developed ovarian cancer 

compared to 42 women who used OC and had the disease (Figure 3.12).

Statistical analysis showed that there was a significant association (p<0.05) between 

use o f oral contraceptives and development o f the disease in the postmenopausal group. 

The number o f postmenopausal women who have never used oral contraceptive and 

developed cancer was higher than women, who used contraceptive and developed the 

disease in the same group (Figure 3.12). No statistical association was observed in the 

premenopausal group.
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Figure 3.12 Oral contraceptive and ovarian cancer

3.4.10 Hormonal replacement therapy (HRT)

O f the 407 postmenopausal women enrolled in the study, 68 women received HRT 

while 301 women had not received HRT. No data was obtained for 38 women in the 

database at the time o f follow up in December 2012 (Figure 3.13).

I No data 38 (9.4%) 

'Had HRT 62 (15.2%)

I No HRT 307 (75.4%)

Figure 3.13 HRT and ovarian disease
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O f the 62 women, who received HRT, 3 developed borderHne disease and 42 women 

developed malignant disease, while 17 women did not develop the disease. 162 women 

o f the 307 women who had not received HRT developed ovarian cancer, while 113 

women did not (Table 3.6).

Table 3.6 Breakdown of patients who had used HRT

Histological group HRT No HRT

Benign (130) 17(13,1%) 113 (86.9%)

Borderline (35) 3 (8.6%) 32 (91.4%)

Malignant (204) 42 (20.6%) 162 (79.4%)

There was no significant association between the number o f women, who developed 

ovarian cancer and use o f HRT.

3.4.11 Histology

Women diagnosed and treated for ovarian and peritoneal cancer and ovarian disease 

were classified according to their histology into benign, borderline, malignant (primary 

ovarian and peritoneal), neo-adjuvant (ovarian and peritoneal) and recurrent cancer. 

Figure 3.14 shows the histological breakdown in premenopausal and postmenopausal 

women. 237 women (40.6%) had benign lesions and 167 women (28.6%) were 

diagnosed with ovarian cancer. Women diagnosed with borderline ovarian tumours 

constituted 11.4% of the total women recruited. Women, who received neo-adjuvant 

chemotherapy constituted 9.7% and women who had recurrent disease when they were 

first recruited represented 5.6% o f the total women enrolled.
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Figure 3.14 Histological breakdown in premenopausal 

and postmenopausal women

In the premenopausal group, 98 (55.7%) women were diagnosed with benign ovarian 

disease, while 43 (24.4%) women were diagnosed with ovarian cancer. The num ber o f 

women diagnosed with borderline ovarian tumours was 29 (16.5% ) o f  the 

premenopausal women enrolled and 6 (3.4%) women turned out to have normal ovarian 

histology (Figure 3.15).
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Histology

Figure 3.15 Histological breakdown in the premenopausal group

O f the 98 premenopausal women diagnosed with benign ovarian disease the m ajority 

(62 women) had benign cysts o f  m ixed histology (endom etriosis, corpus lutein, 

follicular cyst and simple cysts), 15 had m ucinous cystadenomas, 12 had serous 

cystadenomas and 9 had mature teratom as (Table 3.7).

Table 3.7 Benign histology subtypes in premenopausal women

Histology Subtype Num ber

Benign cyst 62

M ucinous cystadenoma 15

Serous cystadenoma 12

M ature teratom a 9

The num ber o f  borderline ovarian tumours in the prem enopausal group was 29. O f the 

29, 18 were m ucinous and 11 serous (Figure 3.16).
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■Mucinous Tumour 18 (62%)

■ Serous Tumour 11 (38%)

Figure 3.16 Borderline subtypes in premenopausal women

The m ajority o f premenopausal women diagnosed with ovarian cancer were serous 

papillary adenocarcinomas followed by m ucinous adenocarcinomas. The num ber o f 

endometrioid and clear cell adenocarcinom as was equal in this group (Figure 3.17). O f 

the 43 premenopausal women diagnosed with ovarian cancer, 21 women presented at 

stage land 20 women at stage 3, 2 women presented at stage 2 and 4 as displayed in 

Figure 3.18.

18 1 17

Yolk sac 
tumour

OthersMucinous Endometrioid Clear cellSerous

Histology

Figure 3.17 Histological Malignant breakdown in premenopausal group
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■Stage [1] 21 (49%)

■ Stage [2] 1 (2%)

■ Stage [3] 20 (47%)

■ Stage [4] 1 (2%)

Figure 3.18 Breakdown of stage in premenopausal malignant group

Out o f 21 women who presented at stage I, 6 had mucinous tumours, 5 endometrioid, 3 

serous, 2 clear cell adenocarcinoma and 5 o f mixed histological subtypes.

In the postmenopausal group 139 women (34%) had benign ovarian lesions, this is 

followed by 124 (33%) women diagnosed with ovarian and peritoneal cancer. 57 (14%) 

women had ovarian and peritoneal cancer treated with neo-adjuvant chemotherapy. 38 

(9.4%) women were diagnosed with borderline ovarian tumour, 33 (8.1%) women had 

recurrent disease when they were first enrolled and 6 (1.5%) women turned out to have 

normal histology (Figure 3.19). O f the 139 benign lesions, 47 were serous 

cystadenoma, 28 mucinous cystadenoma, 18 thecoma, 4 mature teratoma and 42 were 

benign cysts o f mixed histology (Table 3.8).
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Figure 3.19 Histological breakdown in postmenopausal women. |
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Table 3.8 Benign histology subtypes in postmenopausal women ‘

Histology Subtype Number

Benign cyst 42

Mucinous cystadenoma 28

Serous cystadenoma 47

Thecoma 18

Mature teratoma 4

O f the 38 postmenopausal women who diagnosed with borderline tumours, 22 were 

mucinous, 13 were serous subtype and 3 were endometriod borderline tumours (Figure 

3.20).
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' Mucinous Tumour 22 (58%)

'Serous Tumour 13 (34%)

' Endometrioid tumour 3 (8%)

Figure 3.20 Borderline subtypes in postm enopausal women

The m ajority o f  postm enopausal women diagnosed with ovarian cancer were serous 

papillary adenocarcinom a, while the lowest num ber was am ong the m ucinous subtype 

(Figure 3.21). Only 39 postm enopausal women diagnosed with ovarian cancer 

presented at stage 1 (Figure 3.22)

Serous papillary Clear cell Endometrioid Carcinosarcoma Mucinous

Histology

Figure 3.21 H istological M alignant breakdowns in postm enopausal women
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■Stage [1] 39 (21%) 

■Stage [2] 20(11%) 

■Stage [3] 122 (64%) 

■Stage [4] 9 (5%)

Figure 3.22 Breakdown of stage in postmenopausal malignant group

Out o f 39 women who presented at stage I, 12 were serous, 9 clear cell, 7 mucinous 

tumours, 4 endometrioid adenocarcinoma and 7 o f mixed histological subtypes.

3.4.10 Debulking Status

Surgical debulking o f tumours is the surgical removal o f part o f a malignant tumour, 

which cannot be completely excised, to make subsequent chemotherapy or radiotherapy 

or other adjunctive measures more effective and, thereby, improve the overall survival. 

The optimal debulking is defined by the Gynecologic Oncology Group (GOG) as 

residual implants up to 1 cm.

In this study 200 (86%) o f women diagnosed with primary ovarian / peritoneal cancer 

had optimal debulking, while 25 women (11%) had extensive disease and were 

suboptimally debulked. No data was documented for 8 women and this represents about 

3% of the total operated women (Figure 3.23).
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■ Optimally debulked (86%)

* Suboptimally debulked (11 %)

■ Not documented (3%)

Figure 3.23 Debulking status and malignant disease.

3.4.11 Recurrence

O f the 267 women diagnosed with m alignant disease in the database 33 women had 

recurrent disease when they were first recruited (Figure 3.24)

>
■ Primary cancer cases 234 (88%)

■ Recurrent cases 33 (12%)

Figure 3.24 Recurrence in malignant disease
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O f the 234 women diagnosed with primary ovarian and peritoneal cancer, 119 (51.2%) 

developed recurrence during the course o f follow up, while 61 women (26.4%) had not 

developed recurrence at the time o f follow up in December 2012 (Figure 3.25). No data 

was available in the system for 22% of women who had ovarian cancer as many of 

them had their chemotherapy in other hospitals other than St James’s Hospital and no 

additional information was available on their status.

■Recurred 119(51.2%)

■ No data 54 (22.4%)

■ No recurrence 61 (26.4%)

Figure 3.25 Recurrence breakdown in malignant disease

Survival analysis

Overall survival (OS) and progression free survival (PFS) for the women, who had 

surgery for invasive ovarian disease were analysed in relation to different parameters. 

These parameters are age, weight, menopausal status, smoking, debulking status, stage 

and grade o f the tumour. Details o f the patients included in the analysis are shown in 

appendix A. Every sample included in the database was given an ID, which is TCDOG 

and was put in numerical order.

In recent years, neo-adjuvant chemotherapy has become a common practice, therefore, 

the studied population was split into 2 groups o f women, those who had primary 

surgery (174) for ovarian cancer and women who had interval debulking (Neo-adjuvant 

chemotherapy) (57) was given prior to surgery and the survival analysis was done for 

the two groups separately.
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3.5 Prim ary surgery survival analysis 

3.5.1 Patient age and survival

Patient’s age was categorised at the median into under 60’s and over 60’s groups. 

Median PFS in the under 60 group was 22 months and 23 in the over 60 group (Figure 

3.26). Approximately the same percentage o f events had occurred in each group with 

no significant association seen. Similarly OS (Figure 3.27) showed no significant 

changes although we do see a trend towards a survival advantage in the younger 

women. Fifty seven percent o f the over 60 group had died at time o f follow up 

compared to 37 % o f the under 60 group. Age was also treated as continuous variable 

but no significant observations were observed with survival.

Progression free survival in relation to age
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Figure 3.26 PFS in relation to age
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Overall survival in relation to  age
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Figure 3.27 OS in relation to age

3.5,2 Patient weight and survival

Patient’s weight was categorised at the median into less than 69 kg and greater than 69 

kg. Median PFS in the under 69 group was 22 months and 37 in the greater than 69 

group (Figure 3.28). No significant difference was made between the two groups. 

Overall survival is shown in Figure 3.29. The median OS o f the less than 69 kg group 

was 41 months compared to 45 months in the second group and the difference was not 

significant.
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Figure 3.28 PFS in relation to weight
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Figure 3.29 OS in relation to weight
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3.5.3 Menopausal status and survival

Menopausal status was categorised into premenopausal and postmenopausal groups. 

Progression free survival (Figure 3.30) and overall survival (Figure 3.31) were analysed 

in relation to the menopausal status. Median PFS for the premenopausal group was 25 

months and 22 months for the postmenopausal group and the difference was not 

significant. Median OS for the premenopausal group was 73 months and 42 months for 

the postmenopausal group. No significant association was seen between menopausal 

status and survival.

Progression free survival in relation to menopausal status
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Figure 3.30 PFS in relation to menopausal status
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Overall survival in relation to menopausal status

1 .0 -

0 .8-

75
>
>
3  0 6 -  
(0 
0>
>

3
E
3o

0 .4 - V

Premenopausal
Postmenopausal
Premenopausal-
censcred
Postmenopausal-
censored

0 .2 -

0 .Q -

~T"
20

“ T-
40

“T—
60

—f-
80

—I—
100

Months

Figure 3.31 OS in relation to m enopausal status

3.5.4 Debulking status and survival

Debulking status was categorized based on the size o f  residual disease into two groups, 

optimal debulking, where the residual disease is less than 1cm and suboptimal where 

the residual tum our is more than 1 cm. PFS was exam ined in relation to debulking 

status (Figure 3.32). M edian PFS for the optimal debulking group was 38 months 

com pared to 8 months in suboptimal debulking group (p<0.01). Sim ilarly a significant 

difference between the two groups was observed (p<0.01) with 69 months as median 

OS for the optim ally debulked group and 18 months for the suboptim ally debulked 

group (Figure 3.33).
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Figure 3.33 OS in relation to debulking status
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3.5.5 Smoking and survival

Smoking habit was categorised into three groups, smokers, non-smokers and ex

smokers. Progression free survival (Figure 3.34) and overall survival (Figure 3.35) 

were analysed in relation to the smoking habit. Median PFS in the smoking group was 

20 months, 25 in the non-smoker group and 17 in ex-smoker group (Figure 3.34). No 

significant observation was made between the three groups. Overall survival is shown 

in Figure 3.35. The median OS o f the smoker group was 57 months, 55 months for the 

non-smoker group and 41 months in the ex-smoker group and the difference was not 

significant.
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Figure 3.34 PFS in relation to smoking
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Figure 3.35 OS in relation to smoking

3.5.6 Tum our stage and survival

Tumours were split into early (stage 1) and late stage (stage 2, 3 and 4) for examination 

o f PFS and OS and these are displayed in Figures 3.36 and 3.37. Median PFS was not 

calculable for the early stage tumours but the 75th percentile was 59 months compared 

to 7 months in the late stage tumours (p<0.01). Seventy-two percent o f the late stage 

tumours had presented with a recurrence or disease progression. Fifty-six percent o f the 

late stage tumours had died at the time of follow up compared to 4% in the early stage 

group (p<0.01).
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3.5.7 Tumour grade and survival

Tumours were split based on the grade o f the disease into three groups, grade 1, grade 2 

and grade 3. PFS and OS for tumour grades were analysed (Figure 3.38 & 3.39). 

Median PFS was not calculable for grade 1 and grade 2 tumours but the 75th percentile 

was 32 and 9 months compared to 7 months in the late stage tumours. Sixty-six percent 

o f grade 3 tumours had presented with a recurrence or disease progression (p<0.01). 

Fifty percent o f grade 3 tumours had died at the time o f follow up with a median OS of 

15 months compared to 15% in the grade l(p<0.05).
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3.6 Neo-adjuvant survival analysis 

3.6.1 Patient age and survival

Patient’s age was categorised at the median into under 65’s and over 65’s groups. 

Median PFS in the under 65 group was 18 months and 6 in the over 65 group (Figure 

3.40). Approximately the same percentage o f events had occurred in each group with 

no significant observation was made. Median OS (Figure 3.41) in the under 65 group 

was 56 months and 19 in the over 65 group and this difference was significant.
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Figure 3.40 PFS in relation to age
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Figure 3.41 OS in relation to age

3.6.2 Patient weight and survival

Patient’s weight was categorised at the median into less than 67 kg and more than 67 kg 

groups. Median PFS in the less than 67 group was 10 months and 8 in the more than 67 

group (Figure 3.42). No significant observation was made between the two groups. 

Overall survival is shown in Figure 3.43. The median OS o f the less than 67 kg group 

was 23 months compared to 21 months in the second group and the difference was not 

significant.
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3.6.3 Debulking status and survival

The median PFS for the optimal debulking group was 10 months compared to 4 months 

in suboptimal debulking group (Figure 3.44). The median OS for optimally debulking 

group was 23 months and 21 for suboptimally debulked group. No statistical difference 

was observed (Figure 3.45).
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Figure 3.44 PFS in relation to debulking status
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Overall  survival  in re la t ion  to  d e b u ik in g  s t a t u s
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Figure 3.45 OS in relation to debuiking status

3.6.4 Sm oking and survival

Median PFS in the smoker group was 18 months, 10 in the non-smoker group and 7 in 

ex-smoker group (Figure 3.46). No significant observation was made between the three 

groups. Overall survival is shown in Figure 3.47. The median OS o f the smoker group 

was 26 months, 23 months the non-smoker group and 23 months in ex-smoker group 

and the difference was not significant.
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3.6.5 Tumour stage and survival

Tumours were split into stage 3 and stage 4 for examination of PFS and OS and these 

are displayed in Figures 3.48 and 3.49. Median PFS for the early stage tumours was 10 

months compared to 8 months in the late stage tumours and this difference was not 

significant. Median OS for the early stage tumours was 23 months compared to 19 

months in the late stage group and this was not significant.
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Figure 3.48 PFS in relation to tumour stage
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Overall survival in relation to tumour stage
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Figure 3.49 OS in relation to tumour stage

3.6.6 Tumour grade and survival

Tumours were split based on the grade o f the disease into two groups, grade 2 and 

grade 3. PFS and OS for tumour grades were analysed (Figure 3. 50 & 3.51). Median 

PFS for grade 2 tumours was 56 months and 21 months for grade 3. Median OS for 

grade 2 was 56 months and 21 months for grade 3. No significant difference seen in 

overall survival or progression free survival between the two groups although a trend is 

seen towards reduced survival in the poorly differentiated tumours.
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Figure 3,51 OS in relation to tumour grade
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Table 3.9 Log rank and quartiles for progression free survival 

Primary surgery survival analysis

25th 50th 75th

percentile percentile percentile

Age <60 - 22 8 0.41

>60 49 23 9

Weight <69 - 22 7 0.25

>69 - 37 14

Menopausal S Premenopausal - 25 8 0.28

Postmenopausal 49 22 9

Debulking status Optimal - 38 14 <0.01

Suboptimal 13 8 5

Smoking habit Smoker - 20 8 0.26

Non-smoker - 25 8

Ex-smoker 45 17 9

Stage Early stage - - 59 <0.01

late stage 38 15 7

Grade Grade 1 - - 32 <0.01

Grade 2 - - 9

Grade 3 46 17 7
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Table 3.10 Log rank and quartiles for overall survival 

Primary surgery survival analysis

25th

percentile

50th

percentile

75th

percentile

Age <60

>60

57

36

23

15
0.25

Weight <69

>69

41

45

23

27

0.74

Menopausal S Premenopausal

Postmenopausal

73

42

24

18

0.26

Debulking status Optimal

Suboptimal 29

Smoking habit Smoker

Non-smoker

Ex-smoker

73

69

18

57

55

41

26

9

18

23

15

<0.01

0.66

Stage

Grade

Early stage 

late stage

Grade 1 

Grade 2 

Grade 3

69 30

73 35

13

24

30

15

<0.01

<0.01

Menopausal S= Menopausal status
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Table 3.11 Log rank and quartiles for progression free survival 

Neo-adjuvant survival analysis

25th 50th 75th

percentile percentile percentile P

Age <65 33

>65 12

Weight <67 33

>67 23

Debulking status Optimal 33

Suboptimal 18

Smoking habit Smoker 23

Non-smoker 33

Ex-smoker

Stage Early stage 34

late stage 23

Grade Grade 2 34

Grade 3 23

18 8 0.51

6 2

10 5 0.59

8 4

10 6 0.34

4

18 9 0.57

10 4

7 4

34 9 0.14

8 4

33 10 0.37

9
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Table 3.12 Log rank and quartiles for overall survival 

Neo-adjuvant survival analysis

25th 50th 75th

percentile percentile percentile

Age <65 72

>65 18

Weight <67 56

>67 28

Debulking status Optimal 56

Suboptimal 36

Smoking habit Smoker

Non-smoker 56

Ex-smoker

Stage Early stage 72

late stage 36

Grade Grade 2 72

Grade 3 36

56 18 <0,05

19 6

23 12 0.59

21 12

23 14 0.25

21 3

21 0.34

26 12

30 8

72 72 0-4̂

21 8

56 23 0.27

21 12
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3.7 M ultivariate A nalysis

Variables that were significant in univariate analysis (log rank-Tables 3.9-3.12) in 

women who underwent primary surgery and women who had neoadjuvant 

chemotherapy were examined separately in a Cox regression model. Using corrected 

progression free survival as endpoint, stage and debulking status remained significant 

in multivariate analysis for women who had primary surgery. For overall survival stage 

and debulking status remained significant. P value and confidence intervals are shown 

in Tables 3.13, 3.14 and 3.15.

Table 3.13 Cox regression analysis for PFS in primary surgery

Variable P-value 95% Cl

Stage 0.001 0.025-.387

Grade 0.254

Grade(l) 0.175 0.652-10.523

Grade(2) 0.466 0.328-1.666

Debulking 0.001 0.218-.669

Table 3.14 Cox regression analysis for OS in primary surgery

Variable P-value 95% Cl

Stage 0.000 0.046-.423

Grade 0.419

Grade(l) 0.364 0.501-6.587

Grade(2) 0.428 0.345-1.569

Debulking 0.001 0.226-.689
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For women who had neoadjuvant chemotherapy age was significant in univariate 

analysis but became insignificant whenthey were examined in cox regression model 

(Table 3.15)

Table 3.15 Cox regression analysis for OS in Neoadjuvant chemotherapy

Variable P-value 95% Cl

Age 0.095 0.155-.1.161
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3.8 Discussion

The aim o f this chapter was to report on the first epidemiological analysis o f the 

DISCOVARY Bioresource and to determine the influence o f  certain demographic 

features such as age, weight, smoking, menopausal status on the development o f 

ovarian cancer. The population studied included 583 women who had surgery for 

malignant and benign ovarian disease and peritoneal cancer in St Jam es’s Hospital 

Gynaecology Oncology Unit, Dublin from March 2005 to December 2012.

The vast majority (96%) o f the women recruited in the study were Irish and 4% from 

other different nationalities. The women enrolled in the study were split according to 

their menopausal status into two groups premenopausal and postmenopausal. The 

postmenopausal women constituted around 70% o f  the women recruited in the study. 

This is in line with current data where the majority o f women presenting with ovarian 

cancer are postmenopausal (20). There was no significant association between 

menopausal status and survival.

The median age o f women recruited in the database and diagnosed with ovarian or 

peritoneal cancer was 63 years, while the median ages for women diagnosed with 

borderline and benign disease were 53 and 52 years respectively. Our results 

correspond to data from the national cancer registry Ireland which gives median age o f 

63 years at diagnosis o f ovarian cancer. The median age o f the malignant group was 

significantly different from the median ages o f  the borderline and benign.

When survival was examined in relation to age in women who underwent primary 

surgery for ovarian cancer the median PFS and OS showed no significant changes. 

W omen who had neoadjuvant chemotherapy showed no significant changes in PFS, 

however, the median OS in the under 65 group was 56 months and 19 in the over 65 

group and this difference was significant. When age was tested in a mutivariate analysis 

it became insignificant. One possible reason for the poorer survival in elderly patients is 

that ageing renders the body less fit. Furthermore the presence o f other comorbidities 

could interfere with their treatment. Another reason is that elderly women can be 

treated more conservatively than younger patients hence tend to have poorer survival 

than their younger counterparts (295, 296).
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As BMI was not recorded in many cases it was decided to use weight in the analysis o f 

results instead. All women who were admitted for surgery were weighed prior to their 

surgery and their weights were recorded in their medical charts. More than 75% o f the 

women included in the study had their weights recorded. The median weight in the 

benign group was 70 kg, and the median weight in the malignant group (including 

borderline tumours) was 67 kg. The weight o f  the women diagnosed with benign 

disease was significantly higher than the weight o f women diagnosed with borderline 

and malignant disease.

However, when women were split into premenopausal and postmenopausal groups, 

there was no significant difference between the two groups. These results contradict 

what has been previously published about association o f body weight and BMI with 

increased risk o f ovarian cancer (297-299). In these studies high BMI and obesity was 

found to be associated with increased risk o f ovarian cancer. Perhaps the decreased 

median weight in the malignant group is due to the big size o f malignant tumour, which 

is pressing on the abdomen so women would feel full quicker and do not eat as much. 

So despite having a distended abdomen they are still losing weight. The median PFS 

and OS in relation to weight was insignificant among women who had primary surgery 

and women who had neoadjuvant chemotherapy. Several studies show that obesity has 

no role in prognosis and does not affect survival in ovarian cancer (300-302). Other 

studies suggested obese women have a slight worse survival than non obese women, 

however, no solid conclusion could be drawn and further studies are needed to 

elaborate on the influence o f obesity on the survival o f patients with ovarian cancer 

(303, 304).

The relafionship between smoking and development o f ovarian cancer was examined in 

this study. The percentage o f premenopausal women who smoked was higher than that 

o f  the percentage o f  postmenopausal who smoked. This is in line with the latest 

published stafistics o f smoking in Ireland, where 27 % o f women now smoke, however, 

the highest rate is seen among women aged 18 to 29 in the more deprived social class 

groups (305).

No significant association was observed in the number o f women, who smoked and 

developed ovarian cancer compared to the women who smoked and did not have the
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disease in premenopausal and postmenopausal women. One metaanalysis including 

28,114 women with ovarian cancer from 51 epidemiological studies reported an 

increased incidence o f mucinous ovarian cancers in smokers but not with other tumour 

types (183). Recent studies showed that current smoking increases the risk o f mucinous 

adenocarcinoma with no evident association between smoking and risk o f serous and 

endometrioid ovarian cancer (72). In this study we see a similar trend, with a higher 

percentage o f  smokers in our mucinous group; where 6 (43%) out o f 14 women 

diagnosed with mucinous adenocarcinoma were smokers compared 16% o f serous 

adenocarcinomas being smokers. This would need further investigation in a larger 

sample size to assess the true significance. We did not see a similar trend perhaps 

because the number o f our sample is small compared to the number o f women recruited 

in those studies. No biological mechanism for a link between cigarette smoking and 

risk o f  mucinous ovarian cancer has been established yet (306). Some studies suggested 

that mucinous ovarian tumors are histologically similar to cervical and colon epithelial 

cancer cells (307, 308), both o f  which have been associated with cigarette smoking 

(309-311). Furthermore, other studies found cotinine, which is a major metabolite o f 

nicotine, and benzo(a)pyrene-DNA adducts in the granulosa lutein cells o f women who 

exposed to cigarette smoking (312, 313).

Progression free survival and overall survival were analysed in relation to smoking 

habit. The median PFS and OS were lowest among the ex-smoker group compared to 

the other two groups in women who had primary surgery; however, no significant 

observation was made between the three groups. Again in women who received 

neoadjuvant chemotherapy the median PFS was lowest in the ex-smoker group with no 

significant observation being made between the three groups. In contrast the median OS 

o f ex-smokers was 23 months which is equal to that o f the non-smoker group. These 

results contradict the results o f previously published studies where current smokers 

were found to have a significantly increased risk o f  ovarian cancer death compared with 

never smokers in multivariate Cox analysis revealed that they are more likely to die 

earlier than women who had never smoked (314, 315). We did not see similar trend in 

our study perhaps beacuse our sample number is small compared to the number o f 

women who were included in those studies
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Just over 62% o f the women recruited in the study, consumed alcohol with a higher 

percentage o f  women consuming alcohol in the premenopausal group with most o f 

these women being social drinkers. No significant association was observed between 

consumption o f alcohol and development o f ovarian cancer. These findings are in line 

with several previous studies which showed that alcohol consumption does not increase 

the risk o f ovarian cancer (315-320). One study found no association between total 

alcohol consumption and ovarian cancer; however, heavy alcohol consumption was 

associated with mucinous but not non-mucinous tumors (201). Another study found no 

evidence that moderate alcohol consumption was associated with increased risk o f 

ovarian cancer overall or any specific histological types (321). In our study 12 (86%) 

out o f 14 women diagnosed with mucinous adenocarcinoma were alcohol consumers 

compared to 55 (33%) in the serous group, however, our number o f mucinous tumours 

are lower.

As mentioned earlier a higher number o f ovarian cancers were seen in postmenopausal 

women, who were nulliparous or had a low parity than premenopausal women. Over 

twice as many women in the postmenopausal group, who were nulliparous or o f low 

parity developed ovarian cancer and this was significant (p<0.05). It has been 

hypothesized that the risk o f ovarian cancer is increased with increase number o f 

lifetime ovulations, which leads to more mitotic events and increased chances for 

genetic mutation (28). Our results are in line with data from one o f  the previously 

published studies which reported an association between low parity and increased risk 

o f gynaecological cancer such as endometrial and ovarian cancer (322). Another study 

reported a significant decreasing trend in ovarian cancer with increasing parity, which 

provided evidence that parity may confer a protective effect against ovarian cancer 

(323).

About 66% o f  the women diagnosed with ovarian cancer in this study had a family 

history o f cancer; approximately 75% o f  these women had a history o f ovarian, breast 

or colorectal cancer. A significantly higher number o f women with a family history 

actually developed ovarian cancer in this study in both premenopausal and 

postmenopausal women. Family history is the next strongest risk factor for ovarian 

cancer after age (44). Several epidemiological studies showed that women who have a 

family history o f breast or ovarian cancer have an increased risk o f  ovarian cancer (324,
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325). Furthermore women who are carriers o f BRCA gene mutations are at an 

increased risk o f developing ovarian cancer (326, 327). W omen with BRCAl and 

BRCA2 genes mutations are at icreased risk o f developing ovarian cancer over their life 

time. 39% risk for BRCAl mutation carriers and 11% for BRCA2 mutation carriers up 

to the age o f 70 (328). A strong family history o f colorectal, gastrointestinal, 

endometrial cancers might indicate the presence o f lynch syndrome which renders 

women at increase risk o f  ovarian cancer (282). Our data is in line with what has been 

published regarding family history o f cancer and risk o f ovarian cancer.

There was a significant association (p<0.05) between use o f oral contraceptives (OC) 

and development o f the disease in the postmenopausal group. The incidence o f cancer 

was higher in women who had not used oral contraceptives. No statistical association 

was observed in the premenopausal group. The use o f OC has consistently been found 

to be associated with a reduced risk o f ovarian cancer (193, 329). The most likely 

mechanism o f the protective effect o f oral contraceptive is inhibition o f ovulation. One 

study reported an association between number o f lifetime ovulatory cycles and the risk 

o f mutation o f the p53 gene seen in ovarian cancers (197).

An analysis o f 20 studies, showed that the longer a woman used OC the more her risk 

o f ovarian cancer decreased (330). The incidence and mortality has been declining in 

most developed countries particularly in countries where oral contraceptive use has 

been more widespread (331). Another study found the risk o f ovarian cancer in women 

with BRCAl mutations who took oral contraceptives had reduced by 50% compared to 

women who did not (332).

The use o f honnonal replacement therapy (HRT) in relation to development o f ovarian 

cancer was examined in this study. There was no significant association between the 

number o f women, who developed ovarian cancer and use o f HRT. The association 

between HRT and ovarian cancer remains unclear. One study reported an increased risk 

o f ovarian cancer with the use o f HRT particularly oestrogen-only formulations, 

however, only a modest risk o f the disease was found to be related with the use o f 

formulations, which include progestin (20). Another study showed that women, who 

used estrogen-only replacement therapy, particularly for 10 or more years, were at 

significantly increased risk o f ovarian cancer. However, short-term estrogen-progestin-
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only replacement therapy was not associated with increase risk (333). Our results were 

in agreement with other studies, which reported no significant association between the 

use o f HRT and the risk o f  developing epithelial ovarian cancer, even with prolonged 

exposure (334, 335).

An analysis o f the types o f tumours that were recruited in this study was also 

performed. Approximately 41% o f the women recruited had benign lesions and 29% 

were diagnosed with ovarian cancer in the current study. Women diagnosed with 

borderline ovarian tumours constituted nearly 12% o f  the total women recruited. The 

majority o f premenopausal and postmenopausal women diagnosed with ovarian cancer 

were serous papillary adenocarcinomas. More than 50% o f the borderline tumours 

diagnosed in premenopausal and postmenopausal women were mucinous cell types. 

This is similar to the recent report from the National Cancer Registry Ireland (NCRI), 

where 15% o f all cancers were borderline tumours with half o f the tumours being 

mucinous cell types and approximately one third o f both invasive and borderline 

cancers were serous tumour types.

Around 25% o f the women presented at stage 1 in the current study, which is slightly 

more than the percentage (20%) o f  women presented at stage 1 recorded from the 

recent report o f NCRI. Stage o f the disease is known to be the most important 

determinant o f survival. As mentioned previously there was a significant association 

(p<0.01) between PFS and OS and stage and grade o f  the disease in women who had 

primary surgery. Early stage disease had a better survival than late stage disease and 

this corresponds with what has been published about the improved survival seen with 

early stage disease, where five-year relative survival rates are more than 90% for early 

stage disease compared to less than 10% for late stage cases. According to the NCRI 

report Ireland was among the countries with the poorest 5-year survival, which is 

probably due to the fact o f  the large proportion o f  women presenting with late stage 

disease.

Ireland was also shown to have the worst mortality in Europe from ovarian cancer and 

this is being addressed by the National Cancer Control Programme with the setting up 

o f specialist cancer centres. A meta-analysis o f three studies that included over 9000 

women showed that women with ovarian cancer treated by specialist gynaecological
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oncologists within centres with multidisplinary team care have improved survival 

compared with those receiving care in non-specialist general hospitals (336, 337). More 

recent figures from Ireland should demonstate an improvement in mortality.

In women who received neoadjuvant chemotherapy no significant association was 

made between stage o f  the disease and survival. Also no significant association was 

made between grade o f  the disease and survival, although the tumour size usually 

shrinks after chemotherapy, perhaps this occurs because chemotherapy affects the grade 

o f  the disease.

In this study 86% o f women diagnosed with primary ovarian/ peritoneal cancer had 

optimal debulking, while 11% had extensive disease and were suboptimally debulked. 

More than 50% of the women diagnosed with primary ovarian and peritoneal cancer, 

developed recurrence during the course o f follow up, while 61 women (26.4%) had not 

developed recurrence. Approximately 10% o f  women who presented with early stage 

disease recurred at the time o f follow up in December 2012. The median PFS and OS 

for the optimal debulked group were significantly higher than that o f  the suboptimal 

debulked group (p<0.01) in women who had primary surgery. Debulking status 

remained a significant variable even after using cox regression in multivariate analysis. 

There was no significant association between debulking status and survival among 

women who had neoadjuvant chemotherapy. Furthermore patients who had interval 

surgery, and were optimally debulked had improved PFS but did not have an improved 

OS (338).

Optimal debulking was reported to improve the survival in women who present with 

advanced ovarian cancer. Several studies looked at the relationship between 

cytoreductive surgery and survival. One study, which included 192 patients in its final 

analysis, reported a significant improvement in OS and PFS among optimally debulked 

group compared to women who were suboptimally debulked. Another retrospective 

study which examined the prognostic factors for the patients presented with advanced 

epithelial cancer found that having optimal debulking was the only statistically 

significant independent prognostic factor for PFS using multivariate analysis (339). 

Several studies found that women operated on by a subspecialty trained gynaecological
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oncologist are more likely to be optimally debulked than women operated on by a 

general gynaecologist (340).

3.9 Conclusion

This chapter set out to carry out an epidemiological analysis and to investigate the 

influence o f  certain demographic features as well as debulking status and stage, grade 

o f  cancer on the development and outcome o f ovarian cancer. We have shown that:

• Most women presented with ovarian cancer were postmenopausal in line with 

the national and international figures.

• The most common hislogical malignant type was serous adenocarcinoma in line 

with the national and international figures.

• Parity, oral contraceptive and family history were the most common factors 

which influenced the development o f ovarian cancer.

• No significant association between weight, smoking, alcohol consumption and 

HRT and development o f ovarian cancer.

• Early stage, low grade o f the disease and optimal debulking status were 

significantly associated with a improved survival in women who had primary 

surgery for ovarian cancer.

• No significant association between stage, grade o f the disease and debulking 

status and survival in women who had neo-adjuvant chemotherapy.
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Chapter 4

MicroRNA Profiling in Ovarian Cancer 

(Applied Biosystems Platform)
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4.1 Introduction

MicroRNAs have been found aberrantly expressed or mutated in human cancer. The 

expression o f  microRNAs may act as a novel class o f  tumour supprcsser gene or 

oncogene (227-233). An increasing number o f studies have revealed the vital role 

microRNAs play in ovarian cancer carcinogenesis. (341-344). M ost o f these studies 

have been performed on ovarian tissue samples. Besides diagnosis, microRNAs have 

the potential to be used as biomarkers for monitoring o f  the disease and to predict the 

chemosensitivity so treatment can be best tailored (113, 267, 345).

An overview o f miRNAs associated with ovarian cancer in genome-wide studies is 

displayed in Table 4.1 (177). The microRNAs, which were detected in those studies, 

were partially overlapped. This is due to several reasons such as the difference in type 

o f specimens (cell lines and tumour tissue, serum and exosomes), controls, RNA 

isolation protocols and detection platforms.

Several microRNAs were found to be deregulated in ovarian cancer. Examples o f  these 

microRNAs are the miR-200 family and let-7 family. One study showed that high 

expression levels o f the miR-200 family were associated with decreased progression 

free survival and overall survival o f  ovarian cancer patients (251). Another study found 

that upregulation o f miR-200a in advanced disease was correlated with poor ovarian 

cancer outcome (346). Furthermore miR-200c was found in one study to be 

downregulated in stage 1 epithelial ovarian cancer (EOC) relapsers compared to non 

relapsers and it was associated with PFS, overall survival, in multivariate analysis

(347). Moreover, one study suggested that expression o f miR-200 might increase the 

sensitivity to microtubule-targeting chemotherapeutic agents, therefore upregulation o f 

miR-200c levels in an ovarian cancer cell line increased the sensitivity for these drugs 

up to 85%. However, low levels o f  miR-200c have been associated with 

chemoresistance. (265).

Moreover, one recent study assessed the 200 family members which were highly 

expressed in serous epithelial ovarian cancer cell lines (SEOC) as candidate biomarkers

(348). They found that miR-200a, miR-200b and miR-200c and miR-103 were 

significantly higher in the SEOC cohort with the best predictive classifier o f  SEOC 

being the combination o f miR-200b, miR-200c and miR-103 (348).
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The let-7 family was another example o f  a microRNA which was downregulated in 

ovarian cancer (205, 251, 252, 257, 345). Low expression levels o f let-7b were found in 

one study to be associated with poor prognosis in patients with serous ovarian 

carcinomas (251). Another study showed that low level o f let-7i expression was 

significantly associated with the shorter progression free survival o f patients with 

advanced ovarian cancer. This might suggest that let-7i might be used as a potential 

biomarker to predict the response to chemotherapy and survival in ovarian cancer 

patients (345). Other microRNAs found to be associated with poor overall survival in 

patients with advanced ovarian cancer are miR-410 and miR-645 and miR-337 (327, 

349).

Some miRNAs were reported to be associated with chemoresistance and these include 

miR-130a, miR-30c and miR-335 (267). This might suggest using these microRNAs as 

prognostic biomarkers to monitor response to chemotherapy. One study showed that 

over expression levels o f miR-130a correlated with cisplatin resistance in ovarian 

cancer. Accordingly inhibition o f expression o f miR-130a might counteract cisplatin 

resistance o f ovarian cancer (350).

Recently, one study showed that miR-100 was downregulated in patients with ovarian 

cancer. The level o f  miR-100 expression in 98 EOC tissues was significantly lower 

compared to 15 adjacent normal epithelial tissues. Low expression o f miR-100 was 

associated with advanced stage, higher serum CA125, lymph node involvement and 

shorter overall survival. This may indicate that low miR-100 expression might act as an 

independent poor prognostic factor for ovarian cancer (351).

Some miRNAs correlated with disease progression could have a functional role in 

ovarian cancer. For example microRNAs found to be associated with better patient 

prognosis might be considered candidate tumour suppressors. M iR-148a which 

correlated with better prognosis in one study was recently found to inhibit proliferation 

in ovarian cancer cells (352). Mir-26b, another microRNA found to be associated with 

better prognosis has been previously reported as inducing apoptosis in breast cancer 

(353).
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Moreover, several studies showed that abundant amount o f miRNAs are found in the 

circulation. These circulating miRNAs are highly tissue specific, therefore they can 

identify the origin o f metastasis and can be used as non-invasive biomarkers for cancers 

and serum/plasma profiling can be used as a fingerprint for disease (271, 272, 274, 

354).

One study showed that miR-21, 92, 93, 126 and 29a were significantly over-expressed 

in the serum from ovarian cancer patients compared to healthy controls. M iRNA s-155, 

127 and 99b were significantly under-expressed in cancer patients compared to control 

specimen. In addition, miRs-21, 92 and 93 were over-expressed in 3 patients, who had 

nornial pre-operative CA-125 (354). Recent studies showed that the level o f miR-21 

expression was significantly higher in serum o f patients with epithelial ovarian cancer 

(EOC) compared to healthy controls. Furthermore increased serum miR-21 expression 

was associated with advanced stage, high tumour grade and shortened overall survival. 

This in turn might indicate that serum miR-21 could represent a diagnostic and 

prognostic marker for EOC (73).

In another study the expression levels o f microRNAs that showed a consistent 

regulation tendency through serum, ascites and tissue specimens from ovarian cancer 

patients were compared to those o f healthy controls with more than a 2-fold difference 

in serum. 5 microRNAs, which include miR-132, miR-26a, let-7b, miR-145, and miR- 

143, were markedly down-regulated in the serum from ovarian cancer compared to 

those o f healthy controls. O f those microRNAs 4 microRNAs were significantly under

expressed in the serum o f ovarian cancer patients (342).

miR-221 is another microRNA which was reported to be upregulated in serum of 

patients with ovarian cancer. The expression o f m iR -221 was measured using real time 

reverse polymerase reaction (RT-PCR) in serum from patients with ovarian cancer 

before having their surgery and compared to those o f  healthy control. miR-221 was 

elevated in ovarian cancer patients compared to normal controls, furthermore miR-221 

expression correlated with advanced stage and high grade tumour and was associated 

with a poor outcome (355).
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Furthermore, the miR-29 family and predicted target genes were found in one study 

among the strongest negative correlated miRNA: mRNA pairs; over-expression o f 

miR-29a in vitro repressed several anti-correlated genes (including DNMT3A and 

DNMT3B) and substantially reduced the viability o f ovarian cancer cells (349). Mir-29 

family members have been reported to act as tumour suppressors in acute myeloid 

leukemia and lung cancer, partly by reverting aberrant methylation patterns via its 

targeting o f DNA methyltrans- ferases (DNMT) and methylation-silenced tumour 

suppressors (356, 357).

microRNAs profiled from circulating tumour-derived exosomes from ovarian cancer 

patients have been demonstrated in several studies. One study showed that exosomal 

microRNAs from ovarian cancer patients were similar to miRNA expression in primary 

tumours and was significantly different from profiles seen in benign ovarian disease 

(276). Another study showed that miRNA-derived exosome signatures and that o f 

miRNA-derived from tumours were similar (291). These results suggest that 

microRNA profiling o f circulating tumour exosomes could be used as potential 

diagnostic markers for ovarian cancer and also to predict response outcome.

Recently, profiling o f  whole blood microRNAs in ovarian cancer has suggested the 

utility o f microRNA as a screening tool for ovarian cancer, although the pattern o f 

profiling was not sensitive enough to be used for screening or monitoring o f 

progression o f disease. (279). These findings suggest that profiling of peripheral blood 

microRNA could be combined with other serum biomarker such as CA125 and 

transvaginal ultrasound to improve the overall screening o f ovarian cancer (279).
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Table 4.1 shows an overview of miRNAs associated with ovarian cancer in genome-wide studies (adapted from Marijn T.M et al (263))

Each column gives an overview of the studies comparing parameter 1 with parameter 2, as indicated in the column header. miRNAs are highly 

expressed in the correspondingly coloured parameter (red or green). E.g levels of let-7a are higher in normal ovarian tissue compared to ovarian 

cancer tissue, according to studies 4 and 6. Tissue and cell line studies are highlighted in blue, serum &blood studies highlighted in yellow 

(Ambi-miR = novel human miRNA; miR =mature miRNA.; Pre = precursor miRNA.; OEC = ovarian endometrioid carcinoma.; OSC = ovarian 

serous carcinoma.; OCC= ovarian)
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The Hypothesis of this study is:

M icroRNAs present in peripheral blood could be used for diagnosis o f ovarian cancer. 

M icroRNAs could be used as tool for management o f ovarian cancer.

4.2 Aim of the project

1. To profile the miRNA repertoire from serum/blood o f ovarian cancer patients.

2. To assess the utility o f miRNAs as:

• Diagnostic markers for ovarian cancer and assess the ability to distinguish

malignant from benign ovarian lesions.

• Prognostic markers for ovarian cancer.

3. To determine if  a miRNA profile can assess recurrence/ chemoresistance in 

ovarian cancer.

4.3 Methods & Materials 

4.3.1 Study Categories

The following cohorts are being examined in this study.

Preoperative diagnosis study

Blood and serum were collected prior to definitive surgery for ovarian cancer and 

benign ovarian disease. Ovarian cancer was staged according to FIGO. As serous 

papillary adenocarcinoma is the most common histological subtype o f  ovarian cancer, 

the initial training set was composed o f this subtype and its benign counterpart, namely 

benign serous cystadenoma. A training set o f  8 serous papillary ovarian 

adenocarcinomas (stage 3, grade 3) and 11 benign serous cystadenomas were selected 

for analysis as shown in Tables 4.2&4.3.
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Table 4.2 Serous papillary ovarian adenocarcinomas (n=8)

Sample Histology Stage Grade

369 Serous papillary adenocarcinoma 3C 3

373 Serous papillary adenocarcinoma 3C 3

376 Serous papillary adenocarcinoma 3A 3

401 Serous papillary adenocarcinoma 3C 3

444 Serous papillary adenocarcinoma 3C 3

456 Serous papillary adenocarcinoma 3C 3

463 Serous papillary adenocarcinoma 3C 3

473 Serous papillary adenocarcinoma 3C 3

Table 4.3 Benign serous cystadenoma (n = ll)

Sample Histology

350 Benign serous cystadenoma

354 Benign serous cystadenoma

382 Benign serous cystadenoma

383 Benign serous cystadenoma

385 Benign serous cystadenoma

388 Benign serous cystadenoma

398 Benign serous cystadenoma

412 Benign serous cystadenoma

420 Benign serous cystadenoma

429 Benign serous cystadenoma

431 Benign serous cystadenoma
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A subset o f 3 samples, which were included in the training set (TCDOG 401,444 and 

456) were further analysed looking at serum, blood and tissue from the same patients.

Chemotherapy study

Recruitment o f patients in this study began in September 2010. Blood and serum 

samples (Table 4.4) were taken from patients undergoing chemotherapy for ovarian 

cancer. These samples were taken prior to commencement o f  chemotherapy, halfway 

through the course o f treatment and post chemotherapy. Samples were extracted as per 

section 2.3.2. The profiling was performed using The TaqM an® Array Human cards as 

detailed in section 2. 7.

Table 4.4 Chemotherapy samples (n=14)

Sample Histology Stage Grade

371 Serous papillary and Endometrioid adenocarcinoma 3C 3

373 Serous papillary adenocarcinoma 3C 3

376 Serous papillary adenocarcinoma 3C 3

401 Serous papillary adenocarcinoma 3C 3

425 Serous papillary adenocarcinoma 1C 3

428 M ucinous adenocarcinoma 3C 3

436 Carcinosarcoma 1C 3

440 Clear cell carcinoma 1C 2

444 Serous papillary adenocarcinoma 3C 3

456 Serous papillary adenocarcinoma 3C 2

463 Serous papillary adenocarcinoma 3C 2

474 Clear cell carcinoma 1C 2

507 Serous papillary adenocarcinoma 3C 3

515 Serous papillary adenocarcinoma 3C 3
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4.3.2 microRNA profiling

Samples included in preoperative diagnostic study and chemotherapy study were 

extracted as per section 2.3.2. The profiling was performed using The TaqMan® Array 

Human cards as

detailed in section 2.7. The data was analysed as per section 2.9.

4.4 Results

4.4.1 Optimisation of total RNA purified for miRNA expression profiling

Several protocols were interrogated in this study to determine the optimal procedure for 

RNA extraction from blood/serum as detailed in section 2.3. These include the 

MirVana PARIS Kit, a modified TRI Reagent® RT-Blood Protocol and RNAzol® RT. 

However, the best yield was obtained by using a modified TRI Reagent® RT-Blood 

Protocol. Examples of RNA yield are shown in Table 4.5.

Table 4.5 quantity and purity o f sample 350 using different protocols

Protocol Quantity(ng/|j,l) 260-280-nm ratio

MirVana PARIS 8.8 0.15

TRI Reagent® RT-Blood 417.3 1.87

RNAzol® RT 59.7 1.29

4.4.2 Serum versus Blood samples

Serum and blood from a benign sample (350) and a malignant sample (369) were 

profiled initially to determine the maximum microRNA coverage. The profiling was 

performed using The TaqMan® Array Human MicroRNA Card Set v3.0, which is a 

two card set containing a total o f 384 TaqMan® MicroRNA Assays per card as 

described in section 2.10. Interestingly it was found that 173 (card A) and 95 (card B) 

microRNAs were detected in sample 350 blood compared to 67 (card A) and 40 (card 

B) in the serum sample of the same patient. Also 138 (card A) and 74 (card B) 

microRNAs were detected in sample 369 blood compared to 57 (card A) and 39 (card 

B) in the serum sample o f the same patient. Moreover, microRNAs were detected in the
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serum samples several cycles later than the same microRNAs in the blood samples. So 

it was decided to use the whole blood for the initial training set.

4.4.3 B lood sam p les extracted

The quantity and purity o f the total RNA for the benign and malignant samples used in 

this study using a modified TRI Reagent® RT-Blood is shown in Tables 4.6 and 4.7.

Table 4.6 Total RNA quantity and purity o f the benign samples

Sample Quantity(ng/|il) 260/280nm

350 417.3 1.87

354 455.2 1.93

382 273.4 2.37

383 229.9 1.80

385 256.4 1.80

388 251.5 2.28

398 185.7 1.82

412 116.2 1.70

420 138.2 1.70

429 526.6 1.50

431 237.5 1.70

Table 4.7 Total RNA quantity and purity of the malignant samples

Sample Quantity(ng/nO 260-280-nm ratio

369 291.9 1.65

373 437.7 2.05

376 419.2 1.89

401 293.0 1.80

444 340.5 1.90

456 248.6 1.98

463 250.0 1.78

473 194.3 1.80
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4.4.4 MicroRNAs detected in the study

A literature review of the microRNAs associated with ovarian cancer has been 

performed as outlined in introduction. This includes aspects such as stage o f the 

disease, histological grade, tumour subtype, germline mutations, prognosis and therapy 

resistance. Different starting material such as cell lines, tumor tissue and serum have 

been used in those studies. Out of 754 microRNAs included in the TaqMan microRNA 

array 253 (163 in card A & 90 in card B) were detected in this study. O f those 

microRNAs about 103 have not been previously described in ovarian cancer. The 

overlap o f microRNAs detected in this study compared with the published literature is 

displayed in Figure 4.1.

Previous studies Current study

\

/
/

191

Figure 4.1 Venn diagram shows the microRNAs detected in 

Previous studies and current study
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4.4.5 Endogenous control for normalisation of microRNA profiling using Taqman 

array

Different microRNAs have been identified as potential normalizers in previous ovarian 

serum/blood studies. These include miR-142-3p, miR-16, and 223. Applied biosystems 

recommends use o f M ammU6 as a standard endogenous control and ath-miR159 as the 

negative control. In this study we assessed the utility o f  M ammU6 on its own or in 

combination with other genes as endogenous controls. Four genes were assessed as 

endogenous controls for card A, these include M ammU6, RNU48, m iR-484 and miR- 

191 as they were the only miRNAs expressed in all samples. miR-16, 142-3p and 223 

were not expressed in all samples, therefore they could not be assessed as endogenous 

controls (Figure 4.2).

3 -*  4

33

32

3  1

30

2 0

2 s  i

27 

2© j  

25 

2-4 

23 

22  • 

2  1

♦  hsa-mtP-191-43^5410 (1.731J9) -^  hsa-miP-484-4381032 (1.8t)e4) •  MammI >&-43^5470 (2.4778)

PM 143-4373383 (1.8523) ______________________________________________________________

Figure 4.2. The Ct average values of each of the 19 malignant and benign ovarian 

samples (card A) profiled, for the four endogenous controls generated by the TaqM an® 

Low Density miRNA Arrays, displaying the standard deviation between all biological 

replicates.
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For card B only one endogenous control, U6 snRNA, was expressed in all samples and 

it was also recommended by Applied Biosystems as the standard endogenous control as 

shown in Figure 4.3.
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Figure 4.3 The Ct average values of each of the 19 malignant and benign ovarian 

samples profiled (card B) for the endogenous control U6 snRNA generated by the 

TaqMan® Low Density miRNA Arrays, displaying the standard deviation between all 

biological replicates.
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4.4.6 M icroRNA profiling

Several microRNAs were detected in a percentage o f malignant samples but not in any 

o f  the benign cases as shown in Tables 4.8 & 4.9. Six microRNAs were expressed in 3 

o f  the 8 malignant samples, eight in 2 malignant samples and 20 in 1 malignant sample 

and not in any o f  the benign samples.

Table 4.8 microRNAs detected in malignant samples (card A)

MicroRNA assay 1 malignant 2 malignant 3 malignant

Let-7a

Let-7f ✓

miR-23b ✓

miR-27b

miR-29b ✓

miR-32

miR-96 «✓

miR-99a y/

miR-130b y/

miR-134

miR-139-3p v"

miR-142-5p

miR-190 • j

miR-193a-5p V

miR-193b

miR-199b-5p V-

miR-200c

miR-212

miR-214 ■/

miR-221

miR-301b y/

miR-376a

miR-324-5p y/

miR-411 >/

miR-424 >/
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M icroRNA assay 1 malignant 2 malignant 3 malignant

miR-494 </

m iR -511 v<

m iR-518f

miR-545

miR-579 «/

miR-597 ✓

miR-629 y/

miR-671-3p

RNU44

Table 4.9 microRNAs detected in malignant samples (card B)

microRNA assay 1 malignant 2 malignant 3 malignant

miR-7 </

miR-34a

miR-181a-2 >/

miR-363 s/

miR-378 </

miR-520c-3p

miR-520D-3p

miR-559 «/

miR-564 V

miR-571 ✓

miR-577

miRSSO

miR-603

miR-643

miR-657

miR-767-3p

miR-938

miR-1183 ✓

207



MicroRNA assay 1 malignant 2 malignant 3 malignant

miR-1243 </

miR-1249

miR-1300

In contrast, 11 microRNAs were detected in a small percentage o f  the benign cases and 

not in any o f the malignant samples. These include miR-143, 203, 487b, 501-5p, 520g 

and 886-3p in card A and miR-27a, 145, 161-1, 191, 1285 in card B.

4.4.7 Deregulation of microRNAs

Three microRNAs were significantly down regulated when four endogenous controls 

were used for nonnalization o f  microRNAs for card A. These are miR-335, 500, and 

744. This is in contrast to the use o f  M ammU6 alone as an endogenous control where 

there was no significant difference in the microRNAs expressed in both malignant and 

benign samples. Table 4.10 shows the fold change and p value o f  expression o f these 

microRNAs. There was no significant change in card B in microRNAs expressed in 

both malignant and benign.

Table 4.10 fold change in microRNAs (A)

microRNA Fold change 

Malignant versus benign

Up/down

regulation

P-value

miR-335 4 down 0.0425

miR-500 9 down 0.039

miR-744 8 down 0.039

The microRNAs that were detected in three o f the eight malignant samples were then 

selected for further analysis to determine their predicted gene targets.
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4.4.8 Top 10 Predicted gene targets for microRNAs detected in the malignant 

samples

The top 10 Predicted gene targets for microRNAs expressed in three of malignant 

samples but not in any o f the benign ones are listed in Table 4.11.

Table 4.11 top 10 Predicted gene targets in malignant samples

MicroRNA Top 10 predicted genes

Let-7a MED8, APPBP2, KIAA1274, WDFY3, K1AA1539, DLGAP4, 

GNG5, CRY2, CSDEl, NRAS

miR-7 SEMA6A, LEMD3, EPHA8, GATAD2B, C0L1A2, PURB, 

RNF141, GLI3, GKAPl, SMARCDl

miR-130b A PIG I, ZNF282, PRKD3, CMPK, ABCC5, BTBD3, MAT2B, 

TNRC6A, MAP3K12, 80X21

miR-142-5p CRSP2, BTG3, RIPKS, CARNL2P, CARNLl, TCF12, 

SMARCA3, C8orD4, A TPIBI, CPEB4

miR-190 CSDEl, NRAS, HECA, DAGl, NEURODl, HAS2, W SBl, 

C 20orfll2, PTCH, HRB,

miR-324-5p BAIl, VDACl, KCND2, RNF44, CAMKV, GGTL3, GPR143, 

APP, C1QL3, ELAVLl

miR-603 CAPZB, HSD17B8, DEFB103A, RNF146, M EPIA, ACVRLl, 

ALDOA, BTD, BTK, C6

(http://www.diana.pcbi.upenn.edu/miRGen/v3/miRGen.html)

Further analysis of the results was performed using Bioconductor library. Statistical 

significance of the changes in expression levels between sample types was examined 

usingthe limma package, which is in turn called the HTqPCR library. MammU6 was 

used as a standard endogenous control and ath-miR159 as the negative control. The 

samples in this study were divided into 2 different subgroups:

• Benign versus Malignant

• Tissue versus serum versus blood
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Benign versus M alignant

19 samples (8 malignant and 11 benign) were included in the initial analysis. Aside 

from the “OK” indicator, there are two other categories: “Undeterm ined” is used to flag 

Ct values above a user-selected threshold and “Unreliable” indicates Ct values that are 

either so low as to be estimated by the user to be problematic, or that arise from 

deviation between individual Ct values across replicates (Figure 4.4).

o Unreliable
■ U ndeterm ined
□ OK

369 373 376 463 473 401 444 456 350 354 382 383 385 388 398 412 420 429 431

Figure 4.4 initial analysis o f the training set using 

Bioconductor library

Five samples out o f  nineteen samples were highlighted as either being unreliable or 

(potentially) unsuitable for the study as it has over 90% o f genes with values o f  40. 

These samples were 350, 382, 398, 401 and 463 (Figure 4.5).
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o Unreliable
■ Undeterm ined
a OK

369 373 376 473 444 456 354 383 385 388 412 420 429 431

Figure 4.5 Further analysis of the training set using 

Bioconductor library

The analysis showed that there was no difference in gene expression between the 

benign group and the malignant group in the training set (Table 4.12).

Table 4.12 Summary of deregulated genes in Benign versus M alignant samples

Gene expression Benign versus Malignant

Down regulated 0

No difference 84

Up regulated 0
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Tissue versus serum versus blood

3 compartments (blood, serum and tissue) o f three malignant samples, which were 

included in the training set, were profiled; these are samples 401,444 and 456. More 

abundant microRNAs were detected in tissue than blood and serum samples. 

MicroRNAs were detected in the tissue samples several cycles earlier than the same 

microRNAs in the blood and serum samples. 79 genes were significantly down- 

regulated in tissue versus serum versus blood samples (Table 4.13).

a Unreliable
■ Undetermined
a OK

444B 456B 40 IS 444S 456S 40 IT 444T 456T

Figure 4.6 analysis of 3 blood, serum and tissue of three 

malignant samples using Bioconductor library

B=Blood S=Serum T=Tissue
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Table 4.13 Summary of deregulated genes in Tissue versus Blood versus Serum 

samples

Gene expression Tissue versus serum Tissue versus blood Serum versus blood

Down regulated 79 0 0

No difference 328 407 407

Up regulated 0 0 0

4.4.9 Chemotherapy results

Bloods have also been collected from patients undergoing chemotherapy to determine if 

microRNA profiles change during chemotherapy treatment. For these patients pre

operative, post-operative, pre-chemo, mid-chemo and post-chemo blood samples were 

collected. To date three o f these patients (samples 373, 376 and 401) have had their 

microRNA profile assessed. All of them were diagnosed as stage 3, grade 3 serous 

papillary adenocarcinomas.

Initial analysis has revealed a change in pattern o f the microRNAs during 

chemotherapy. For example microRNAs, expressed in pre-operative samples, 

disappeared in mid-chemo samples and reappeared in post-chemo ones. Also 

microRNAs that were not expressed in pre-chemo samples were detected in post-chemo 

ones and this was consistent in all three samples. Moreover, microRNAs, which have 

been detected in pre-operative samples, disappeared in post-operative ones but this 

reappeared in two samples only (373 and 376). Sample 401 showed no real difference 

of the pattern. The list of microRNAs detected in chemotherapy study is displayed in 

appendix B.
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4.5 Endogenous control for normalisation of microRNA profiling in blood and 
serum

4.5.1 Endogenous control in serum using individual assays

Further insight from a competitor company into microRNAs suggested that M ammU6 

as an endogenous control may not be suitable for use in serum samples. miR-223 and 

miR-191 which were previously detected in the pilot study were also assessed in serum 

samples to detennine if  these microRNAs would make a suitable endogenous control. 

These microRNAs, miR-223 and miR-191 were also recommended for use as 

endogenous controls by a competitor company. In most cases miR-191 was detected in 

later cycles (Figure 4.7) so miR-223 and M ammU6 were further compared to select the 

better endogenous control as displayed in Figure 4.8. Again miR-223 was chosen as a 

more suitable endogenous control as it was found in all samples.

To compare miRNAs mir -223, mir -191 and U6 in RNA 
isolated from serum.

45
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Figure 4.7 Graph com paring the microRNAs miR-223, miR-191 and M ammU6 

from RNA isolated from serum samples
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Figure 4.8 Graph comparing both miR -223 and U6 isolated from serum 

samples in serum samples as use as a possible endogenous control

As miR -191 was not considered a suitable endogenous control it was assessed as a 

possible biomarker between malignant and benign samples in serum. Table 4.14, shows 

fold changes and p value.

Table 4.14: Fold changes and p-value of miR-191 in malignant vs. benign 

samples from serum using miR-223 as an endogenous control

MiRNA Fold changes P value

Mir-191 1.78 0.7792
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4.5.2 Endogenous control in blood using individual assays

The suitability o f  M ammU6 as an endogenous control was tested with other 

recommended controls (miR-223 and miR-191) for the investigation o f micro-RNA in 

whole blood. Below is the resulting graphed representation o f  three possible controls. 

miR-191 would have been a more suitable endogenous control.
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Figure 4.9 mir-223, mir-191 and U6 from RNA isolated from blood samples

4.5.3 Mir-16

miR-16 has been previously published and used as an endogenous control in ovarian 

cancer tissues studies but was not consistently expressed in all samples in this study. 

However, as we were not convinced about its utility as an endogenous control we 

further validated it in a subset o f  benign and malignant samples to test its suitability as 

a potential normalizer. Results (Table 4.15) show that miR-16 was not detected in all 

samples, therefore it cannot be considered as a potential normalizer.
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Table 4.15 Mir-16 expression in benign and malignant samples

TCDOG miR-16 Histology
466 Undetermined Benign
472 Undetermined Benign
474 27.29335 Malignant
481 26.71968 Malignant
491 31.21714 Benign
495 32.1566 Benign
350 Undetermined Benign
354 Undetermined Benign
382 36.71912 Benign
383 Undetermined Benign
385 Undetermined Benign
388 Undetermined Benign
456B Undetermined Malignant
456S Undetermined Malignant
473B 29.78942 Malignant
473S Undetermined Malignant
456P 29.03199 Malignant
473? 23.70215 Malignant
376ps Undetermined Malignant
420ps Undetermined Benign
429ps Undetermined Benign
444ps Undetermined Benign
456ps Undetermined Malignant
473ps Undetermined Malignant
507 Undetermined Malignant
510 Undetermined Malignant
515 28.50583 Malignant
527 Undetermined Benign
533 Undetermined Benign
534 Undetermined Benign

B= Blood S= Serum P= Pre-amplified

4.6 Validation of results from the pilot study

MicroRNAs, which had been identified in the pilot screening study, were assessed in 

the same samples from the screening study along with other samples. The validation 

was carried out in conjunction with two other projects. These microRNAs are miR-603, 

miR-324-5p, let-7a, and miR-142-5p. MammU6 was used as an endogenous control. 

Negative template control (NTC) and Reverse Transcription Negative Control (RTC) 

were also used to determine if any contamination had occurred during the protocol. The
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w orkflow  for our study is displayed in F igure 4.10. W e could not p roceed w ith the 

validation in separate cohort as suitable targets did not validate.

T raining set 

N=19

(8 m alignant& l 1 benign sam ples)

7 m icroR N A s w ere identified in the 

Pilot study

f
Pilot study

N = 19

J

\ !

r '
Identification o f
suitable targets

J

T argets were validated in a subset o f  sam ples 

(sam e sam ples from  the pilot study along 

with o ther sam ples)

V alidation 
N= 30

V =

Figure 4.10 workflow o f microRNA profiling study

4.6.1 M ir324-5p

m iR -324-5p w hich had been identified in the p ilot screening study was assessed for its 

su itability  o f  being a potential b iom arker in the sam e sam ples from the screening study 

in addition to o ther sam ples. Benign and m alignant w ere profiled  to try and detect m iR - 

324-5p and the endogenous control M am m U 6 (T able 4.16).
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miR-324-5p was detected in 3 malignant samples and none of the benign samples in the 

pilot study initially. However, when it was validated in a bigger number of samples it 

was detectable in samples that it was not detectable in the pilot study. So it was decided 

to do troubleshooting methods such as refining the protocol, performing pre

amplification on the cDNA samples, changing the concentration of RNA used in cDNA 

synthesis and rerunning samples from the pilot study. However, the data that was 

received did not validate the results that were obtained in the pilot study. miR -324-5p 

was now detected in benign and malignant samples, therefore it cannot be considered as 

a potential biomarker to be used to distinguish between benign and malignant ovarian 

disease.

Table 4.16 Mir-324-5p expression in benign and malignant samples

Sample no Histology Detector Average CT

347 Malignant miR-324-5p 38.02705

347 Malignant mammU6 37.40438567

398 Benign miR-324-5p 36.97615333

398 Benign mammU6 35.037342

481 Malignant miR-324-5p 37.83341

481 Malignant mammU6 36.44357733

495 Benign miR-324-5p 34.785805

495 Benign mammlI6 33.207405

548 Benign miR-324-5p 35.53935567

548 Benign mammU6 34.815721

574 Malignant miR-324-5p 36.563495

574 Malignant mammU6 34.69490933

4.6.2 MiR-603

miR-603 had been identified in the blood of 3 malignant samples from the training set 

and in the serum o f a malignant sample (456). This was assessed in the same sample 

from the screening study along with malignant samples 401, 444 and 473 and using o f 

MammU6 as an endogenous control as displayed in Table 4.17
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Table 4.17 Detection of miR-603 and ManimU6 in any of the samples below

Sample no miR-603 M ammU6

401 (M) Undetermined Undetermined

444 (M) Undetermined 33.19542

456 (M) Undetermined 32.31332

473 (M) Undetermined 34.86567

NTC Undetermined Undetermined

RTC Undetennined Undetermined

M = M alignant

miR-603 was not detected in any o f the samples so it was decided to pre-amplify these 

samples (Table 4.18) as described in section 2.12, as the initial pilot studies on the 

cards had been preamplified.

Table 4.18 Detection of IVlir-603 and M am m l]6 after pre-amplification

Sample no iniR-603 MaminU6

401 (M) Undetermined Undetermined

444 (M) Undetemiined 38.96902

456 (M) Undetermined 37.69473

473 (M) Undetermined Undetermined

NTC Undetermined Undetermined

RTC Undetermined Undetermined

Again miR-603 was not detected in any o f  the samples. M ammU6 was undetermined or 

detected in late cycles. From these results it was decided to examine the serum and 

blood samples that had been used in the pilot studies to ensure assays were working 

correctly. The preamplified samples from card B in both serum and blood were used to 

determine if  the probes were working correctly. The results were compared to results 

found on the TaqMan Array M icroRNA cards in the pilot study (Table 4.19).
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Table 4.19 A comparison between malignant and benign samples, from serum 

and blood from the pilot study that were run using individual assays and the 

samples run on the Taqman Array cards using multiplex pooled assays

TCDOG Serum Results from the 
pilot study in serum

Blood Results from the 
pilot study in blood

miR-603 MammU6 Mir-603 U6 miR-603 MammU6 Mir-603 MammU6

350 (B) 36.3623 22.1954 UD 24.7869 34.7067 21.9624 UD 23.2

401 (M) 35.0812 23.6222 UD 15.4754 - - UD 35

412(B) - - UD UD - - UD 33

420 (B) UD UD UD UD UD 33

444 (M) 37.4408 26.0389 UD 28.1793 - - 33 31

456 (M) 35.3150 23.4076 37.9934 24.9951 35.9552 29.4433 34 31

473 (M) - - - - 35.5831 23.6451 31 23

NTC UD UD - - UD UD -

B= Benign M = Malignant U.D = Undetermined

In serum, miR-603 was detected in the benign sample 350 although this was not 

detected in this sample on the pilot study using pooled assays. In the malignant samples 

401 and 444 from serum, miR-603 was also detected although in the late cycles. This 

differed from the results found on the pilot study as mir-603 was not detected in these 

samples. Sample 456 from serum was detected and this result was similar to that found 

using pooled assays although it was detected at an earlier cycle using the individual 

assays.

From blood, miR-603 was detected in the benign sample 350 although it was not 

detected in the other benign samples, 412 and 420. These results were compared to the 

results found in the pilot study, where mir-603 was not detected in any o f the benign 

sample (350, 412 and 420). miR-603 was detected in the malignant samples 456 and
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473 although they were detected at higher cycles using the individual assays compared 

to the results found on the pilot study.

Furthermore, the concentration o f  RNA would have to be optimized to better detect 

M ammU6 and any other microRNA such as miR-603 at lower cycles. As the company 

supplying the assays had not optimized the pre-amplification for use with individual 

assays, this was then performed. RT only and RT and pre-amplification were carried 

out at different concentrations o f input RNA o f 50, 100 and 200 ng in Sul to try and 

determine the optimal concentration o f  starting RNA. The concentration o f  100ng/5ul 

using RT only without pre-amplification step was chosen as the optimal concentration 

o f  starting RNA to carry out the rest o f the experiments on. miR-603 was not detected 

in any o f  the above samples and M ammU6 was detected in the later cycles. From these 

results it was clear that miR-603 was not detected in any o f  the malignant or benign 

samples. Therefore it cannot be considered as a potential biomarker to be used to 

distinguish between benign and malignant ovarian disease, so it was decided to try to 

assess different microRNAs.

4.6.3 Let-7a

Let-7a was validated in a subset o f blood and serum samples in addition to the samples 

used in the training set. Benign and malignant samples were profiled using RT alone 

and with pre-amplification and using M ammU6 as an endogenous control as displayed 

in Tables 4.20.

Let-7a was detected only in 3 malignant samples from the pilot study and none o f the 

benign samples. However, when validating it using an individual assay it was detected 

only in 3 malignant samples at late cycles and it was also detected in 1 benign sample. 

Based on these results let-7a cannot be considered as a potential biomarker to be used 

to distinguish between benign and malignant ovarian disease.
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Table 4.20 Let-7a expression in benign and malignant samples

TCDOG Let-7a Histology

350 Undetermined Benign

507 Undetermined M alignant

354 Undetermined Benign

382 Undetermined Benign

510 Undetermined M alignant

383 Undetermined Benign

474 35.101086 M alignant

385 Undetermined Benign

388 Undetermined Benign

515 Undetermined Malignant

527 Undetermined Benign

533 Undetermined Benign

534 Undetermined Benign

466 19 Benign

456S Undetermined Malignant

472 Undetermined Benign

481 33.60804 Malignant

491 Undetermined Benign

495 Undetermined Benign

473B 37.42331 M alignant

376PS Undetermined Malignant

420PS Undetermined Benign

429PS Undetermined Benign

444PS Undetermined Malignant

456PS Undetermined Malignant

473PS Undetermined M alignant

473S Undetermined M alignant

456PB Undetermined Malignant

473PB 38.65558 M alignant

456B Undetermined M alignant

B= Blood P= Pre-amplified S= Serum
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4.6.4 M ir-142-5p

miR-142-5p was validated along with other microRNAs in a subset o f  benign and 

malignant samples. M ammU6 was used as an endogenous control. Unfortunately miR- 

142-5p was detected only in 2 malignant samples and also in 2 benign samples, which 

renders it unsuitable potential biomarker for ovarian cancer (Table 4.21).

Table 4.21 M ir-I42-Sp expression in benign and malignant samples

TCDOG M ir-142-5p Histology
350 Undetermined Benign
354 Undetermined Benign
382 Undetermined Benign
383 Undetermined Benign
385 Undetermined Benign
388 Undetermined Benign
456B Undetermined Malignant
456S Undetermined Malignant
473B Undetemiined Malignant
473S Undetermined Malignant
456P Undetermined Malignant
473P Undetermined Malignant
376ps Undetermined Malignant
420ps Undetennined Benign
429ps Undetermined Benign
444ps Undetermined Malignant
456ps Undetermined Malignant
473ps Undetermined Malignant
466 30.36856 Benign
472 Undetermined Benign
474 Undetermined Malignant
481 Undetermined Malignant
495 Undetermined Benign
491 34.92461 Benign
507 31.99157 Malignant
510 Undetermined Malignant
515 32.07539 Malignant
527 Undetermined Benign
533 Undetermined Benign
534 Undetermined Benign

B= Blood S= Serum P= Pre-amplified
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4.7 Discussion

This study demonstrated that the extraction of RNA using a modified Tri-Reagent RT 

Blood Protocol was successful. Also it was possible to successfully profile microRNAs 

from serum and this is similar to a previous published paper (359). However, as more 

abundant microRNAs were detected in blood as compared to the serum of the same 

patient it was decided to confine the initial training set to whole blood and use serum 

samples for validation. Furthermore communications from our collaborators using 

blood as a starting point for a breast cancer study found better segregation of breast 

cancer subtypes.

MammU6 was found in several studies to be an unreliable endogenous control (71, 

359). MammU6, RNU48, miR-484 and miR-191 were used as normalizers for profiling 

o f microRNAs on card A and MammU6 on card B in this study. There was a significant 

difference in microRNA expression between malignant and benign samples when other 

microRNAs were used as endogenous controls with MammU6. Recently, miR-223 has 

been used in several studies as the endogenous control for the detection of circulating 

microRNAs. One such study used both miR-223 and miR-16 as endogenous controls as 

they were both expressed at high levels in serum and plasma and were relatively 

invariable across large numbers o f samples (360). Other studies have also used miR- 

223 as the endogenous controls to detect circulating microRNAs as it was also 

uniformly expressed in all samples (361, 362). However, these microRNAs were not 

consistently expressed in all samples in our study; therefore they were not used as 

potential controls. However, we were not convinced about their utility as endogenous 

controls therefore it was decided to investigate them individually in each sample. No 

replicates for these microRNAs were spotted on the cards used in the training set so it 

was possible that one was missed in error as miR-16 was only missing in 2 samples.

Using individual assays, a number o f assays in this study were tested for their 

suitability as potential normalizers in blood and serum samples. Mir-223 and mir-191 

were assessed as possible endogenous controls in serum as they were recommended by 

a competitor company. Mir-223, mir-191 and MammU6 were compared in both 

malignant and benign serum samples in this study. Mir-223 was found in all samples in 

this study so it might be considered a more suitable endogenous control compared to 

MammU6. Mir-191 was not detected in all of the samples assessed thus not making it a
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suitable endogenous control in serum. In blood, the use o f  M ammU6 as an endogenous 

control was also tested with other recommended controls (miR-223 and miR-191) for 

the investigation o f  m icro-RNA in whole blood. Mir-191 would have been a more 

suitable endogenous control.

There is a lot o f variability when dealing with biological samples as numerous factors 

may influence expression o f microRNAs. This variability can be seen in the selection 

o f  endogenous controls (miR -223, miR-191 and M ammU6). Normalization is currently 

one o f  the main issues that are still unresolved for the measurement o f  microRNAs in 

the peripheral circulation. There is no general agreement on small RNA reference 

genes, which could be suitable to be used as endogenous controls for biological 

variability. Currently most protocols use same input volume for all samples as well as 

spiked-in synthetic non-human (Caenorhabditis elegans) miRNA as an endogenous 

control (271,359).

Initial results o f our study showed that 253 microRNAs were detected in both cards. O f 

those detected microRNAs 103 have not been previously published in other ovarian 

studies. Initial analysis o f  the training set revealed a panel o f microRNAs, which were 

expressed in three out o f  the eight malignant samples but not in any o f the benign cases. 

These microRNAs included let-7a, miRs 7, 130b, 142-5p, 324-5p, 190, 603 and 

RNU44. miR-130b, 142-5p, 190 and 324-5p have not been previously described in 

ovarian cancer. M iR-324-5p, mir-603, let-7a and m iR-142-5p were assessed for their 

suitability as potential biomarkers in ovarian cancer in the same samples from the 

screening study along with other samples.

M ir-324-5p was identified in the pilot study in three malignant samples and none o f the 

benign samples. However, it was expressed in benign samples using the individual 

assays so it is not a suitable discriminator as was indicated in the pilot study where it 

was only detected in malignant cases.

lVIir-603 was not detected in any o f the samples assessed and was therefore pre

amplified to determine if  it could be detected but this did not improve results. The 

results found in serum and bloods using the individual assays were compared to the 

results found using the pooled assays on the pilot study. Using the same pre-amplified

226



samples as the pilot study with individual assays the results differed. Mir-603 was not 

detected in any o f the concentrations or any technique although it was detected in the 

pilot study. Perhaps the optimization o f  the individual assays is still not sensitive 

enough to detect miR-603. Various alterations to the protocol were made in conjunction 

with the technical experts from the company, however, the results failed to validate the 

initial cards.

Let-7a was also validated in blood and serum samples along with the samples, which 

were included in the training set. Let-7a has been previously published as a potential 

biomarker for ovarian cancer (205, 229, 251, 256, 257). Let-7a was expressed only in 3 

malignant samples at late cycles and it was also detected in 1 benign samples. Based on 

these results let-7a cannot be considered as a suitable discriminator as was indicated in 

the pilot study where it was only detected in m alignant cases.

M ir-142-5p was another assay, which was identified from the pilot study as a possible 

biomarker and was tested in a subset o f  benign and malignant samples. M ir-142-5p was 

detected only in 2 malignant samples and also in 2 benign samples; therefore it is 

unsuitable potential discriminator as was indicated in the pilot study where it was only 

detected in malignant cases.

W hile many studies have shown the importance o f  miR-200 in ovarian cancer we did 

not find this same relationship, however, previous studies involved tissues and cell 

lines. Also miR-21, 92, 93, 126 and 29a which were significantly over-expressed in the 

serum from cancer patients compared to healthy controls were not over-expressed in 

our study. Perhaps if  malignant samples were compared to normal patients we may 

have seen more significant results.

The top 10 predicted target genes for the panel o f microRNAs expressed in this study 

were identified. Some o f  these targets have been described in relation to ovarian cancer. 

O f these targets APP, which, is the predicted gene for miR-324-5p has been found to 

promote proliferation and invasion in ovarian cancer (363). Other target genes which 

have been previously published as playing a role in ovarian carcinogenesis included 

NRAS (oncogene encoding a membrane protein and binds GDP/GTP and possess 

intrinsic GTPase activity) and HAS2 (an enzyme that in humans is encoded by the
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HAS2 gene). APPBP2 is a let-7a predicted target gene and was identified in one study 

in association with malignant phenotype o f ovarian clear cell carcinoma and could be a 

useful predictor for prognosis (364). One study measured the expression levels o f clock 

genes, cry2 along with other genes in 83 ovarian cancer tissues and 11 normal ovarian 

tissues found that the expression levels o f  cry2, a predicted gene for let-7a were 

significantly lower in ovarian cancers compared to nornial ovaries (365). In addition, 

other genes such as A T P IB I, a predicted target for m iR-142-5p which was identified in 

the pilot study, showed differential expression between tumours o f  low malignant 

potential (LMPs) and invasive tumours (TOVs). These results identify signature 

patterns for gene expression o f LMPs and TOVs and gene candidates, which helps in 

better understanding o f the biology o f  HOC (14). Another gene, which was reported in 

several studies to be associated with poor ovarian outcome is ELAVLl (predicted 

target o f  miR-324-5p). Overexpression o f  ELAVLl found to be associated with 

enhanced expression o f  cyclooxygenase enzyme (COX)-2, which leads to poor survival 

(366-368).

Recent studies have now examined the role o f  microRNAs in chemotherapy response in 

cell line models and ovarian tissue samples. Boren et al (358) found 27 microRNAs 

differentially regulated in a panel o f  cell lines. Eitan et al (113) found an array o f 

tumour specific markers that associated with platinum based first line chemotherapy in 

ovarian tissue samples. Expression o f some o f  these microRNAs also correlated closely 

with prognosis. This in turn can be used to tailor chemotherapy and further 

management. Sorrentino et al (267) found 6 microRNAs diversely expressed in ovarian 

cancer resistant cell lines, which indicated that chemoresistance is associated with a 

distinct miRNA fingerprint and miRNA microarrays could represent a prognostic tool 

to monitor the outcome o f the chemotherapy.

No studies have been perfonned to date in serum/ blood o f  patients undergoing 

chemotherapy. Some o f the microRNAs expressed in the Boren and Sorrentino studies 

were also found in our chemotherapy study. These included let-7e, 29, 30c, 106a, 126, 

130a, 142-5p, 331 and 335, however, there was no distinct pattern in our samples but 

we have only profiled 3 samples.
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The pattern described in this study where microRNAs which were detected in pre

operative samples, disappeared in post-operative samples was seen only in 2 samples 

(TCDOG 373 & 376). This difference in the pattern is possibly due to factors such as 

menopausal status; where the first two samples were o f  postmenopausal women while 

the third one o f a premenopausal woman. microRNAs have the potential to be used as 

diagnostic and prognostic markers o f chemotherapy response in ovarian cancer but 

further work is needed.

During the course o f this study evidence emerged from a collaborator as to the 

abundance o f  microRNAs expressed in red blood cells and that blood may not be a 

suitable parameter for investigation o f  microRNA biomarkers. Therefore, based on the 

inconsistencies o f results using this platform it was decided to carry out a new training 

using a different platform on serum as will be detailed in the following chapter.

The results found in serum and bloods using the pooled assays on the pilot study could 

not be validated using the individual assays. The protocol from the company was not 

optimized for individual preamps so various alterations to the protocol were made in 

conjunction with the technical experts from the company. These included optimizing 

the input RNA into the RT reaction and pre-amplification o f  samples so that any 

microRNA and endogenous control could be detected at earlier cycles, however, the 

results failed to validate the initial cards.

The possible reasons for this discrepancy between the pooled assays o f the pilot study 

and individual assays are that microRNA on the TaqMan cards are only spotted once 

unlike the 96 well plate which carries out the reaction in triplicate so probably it was a 

false positive results on the TaqMan cards. Furthermore individual assays had not 

being optimised by the company and while we were working with the company to do 

this it resulted in inconsistent findings.

In addition, reports have suggested that although pre-amplification is considered an 

increasingly necessary method for assisting in the quantification o f nucleic acid 

samples that have limited amounts o f material, it can introduce bias (369). This is 

possibly because exponential amplification can skew the original quantitative 

relationships between genes from an initial population (370, 371). Therefore, to
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minimise experimental bias validation o f  pre-amplification on an assay-specific basis 

should be performed as standard (369).

Therefore, based on the inconsistencies o f results using this platform it was decided to 

carry out a new training set using the different platform Exiqon.
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4.8 Conclusion

This chapter showed the following:

• The extraction o f RNA using a modified Tri-Reagent RT Blood Protocol from 

serum is feasible.

• M icroRNA profiling from serum was possible in line with previously published 

papers.

• A significant difference in microRNA expression between malignant and benign 

samples when other microRNAs were used as endogenous controls with 

MammU6.

• Initial analysis o f  the training set revealed a panel o f microRNAs, which were 

expressed in three out o f the eight malignant samples but not in any o f the 

benign cases.

• M icroRNAs could be used as potential markers o f  chemotherapy response in 

ovarian cancer.

• Validation o f mir-324-5p, miR-603, miR-142-5p and let-7a identified in the 

pilot study did not correspond to the pilot study therefore they are not suitable 

biomarkers to be used to distinguish between benign and malignant ovarian 

disease.

• Mir-223 in serum and mir-191 in blood might be considered more suitable 

endogenous controls compared to Mamm U6.

• The results o f the study using this platform were not reproducible and it was 

decided to use an alternative platform
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Chapter 5

MicroRNA Profiling in Ovarian Cancer 

(Exiqon Platform)
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5.1 Introduction

M icroRNA profiling in ovarian cancer has already been outlined in chapter 4. 

MicroRNAs are m aintained in a protected state in blood, plasm a and serum thus 

allowing the detection o f microRNA expression patterns directly from these. These 

circulating microRNAs are highly tissue specific therefore they can identify the origin 

o f  metastasis and can be used as non-invasive biomarkers for cancers and serum/plasma 

profiling can be used as a fingerprint for disease (271, 272, 274, 354).

W hile microRNAs are abundant in tissues, they are often scarce in plasm a and serum. 

For quantification o f microRNA in plasm a it is therefore essential to use a platform 

with high sensitivity and linear performance in the low concentration range (372). 

Recently, the performance o f  three commonly used comm ercially available microRNA 

quantification platforms, GeneChip miRNA, TaqM an Human M icroRNA Array and 

miRCURY Ready-to-use PCR (Exiqon) has been evaluated in one study. Similar to a 

previous study (373) qRT-PCR based platforms were found to have higher sensitivity 

than microarray based platforms (372). The use o f GeneChip microRNA 2.0 platfomis 

were not sensitive enough to reliably produce signals with the levels o f plasma RNA 

input studied. The reproducibility and sensitivity o f  TaqMan and m iRCURY platforms 

was good and comparable for samples with abundant microRNAs. However, for the 

analysis o f samples with low microRNAs such as serum and plasma, the miRCURY 

platform was significantly more sensitive than the TaqM an platform.

As outlined in chapter 4 many technical difficulfies were incurred with the TaqMan 

platform so it was decided to test an alternative platform. Also due to high abundance 

o f  microRNAs in red blood cells it was decided to confer this analysis to serum 

samples. Following consultation with experts the miRCURY Exiqon platform was 

chosen. The Exiqon miRCURY LNA real-time PCR panel has been used in many 

studies. In one study microRNAs isolated from a large set o f  clinical serum samples 

were tested on the miRCURY LNA real-time PCR panel. These microRNAs were 

confirmed to be suitable for high-throughput microRNA profiling. A synthetic 

microRNA spike- in, which was used in the experiments was found to be a more 

effective control than an endogenous microRNA for input normalization (263). 

m iRCURY was used in another study, which profiled microRNAs from plasma after 

supplementation with high doses o f  vitamin D3 for 12 months (374).
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Also the UKCTOCS trial, which is one o f the largest ovarian screening trial has been 

evaluating this platform to examine some o f their valuable samples. Abcodia, a 

biomarker validation company who manage the bio-bank from the UKCTOCS has 

completed a successful pilot study on microRNA detection with Exiqon services, which 

confirms the quality o f the UKCTOCS serum for microRNA discovery and validation 

projects. The aim o f  the project was to assess the stability o f  the microRNA signals and 

whether there had been significant hemolysis, which might potentially contaminate 

samples while they were stored at ambient temperature (375). The results o f the pilot 

study showed good quality o f  the serum samples.

In this chapter we evaluated microRNA profiling in serum using the Exiqon platform.

5.2 Hypothesis

The Exiqon miRCURY platform would be more sensitive and specific for profiling 

microRNAs in serum of ovarian cancer patients and has the potential to reveal novel 

biomarkers on ovarian cancer.

5.3 Aim o f the project

• To profile the microRNA repertoire from serum o f  ovarian cancer patients.

• To assess the utility o f microRNAs as diagnostic markers for ovarian cancer and 

assess the ability to distinguish malignant from benign ovarian lesions.

5.4 M ethods & M aterials

Exiqon is based on proprietary LNA™ detection technology. RNA extraction and PCR 

are detailed in section 2.12.

The serum/Plasma focus microRNA panel was used for the training set. It profiles all 

relevant microRNA from 20|al serum/plasma per RT reaction. It contains 175 serum 

/plasma microRNAs in a 384-well (1 plate with 2 panels) with all the relevant controls. 

For the validation set a mix and pick panel, which focuses on microRNAs o f  interest 

was used which includes controls; Reference genes, RNA spike-in and interplate 

calibrators.
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Samples used in this study were sent to Exiqon Company for profiling. A training set of 

5 serous papillary ovarian adenocarcinomas (stage 3, grade 3) and 5 benign serous 

cystadenomas were selected for the initial training set as shown in Tables 5.1&5.2. 

Samples were extracted as per section 2.12.2

Table 5.1 Serous papillary ovarian adenocarcinomas (n=5)

Sample Histology Stage Grade

376 Serous papillary adenocarcinoma 3C 3

473 Serous papillary adenocarcinoma 3C 3

507 Serous papillary adenocarcinoma 3C 3

510 Serous papillary adenocarcinoma 3C 3

562 Serous papillary adenocarcinoma 3C 3

Table 5.2 Benign serous cystadenoma (n=5)

Sample Histology

350 Benign serous cystadenoma

382 Benign serous cystadenoma

385 Benign serous cystadenoma

388 Benign serous cystadenoma

491 Benign serous cystadenoma

A validation set included 20 serous papillary ovarian adenocarcinomas (stage 3, grade 

3) and 20 benign serous cystadenomas as shown in Tables 5.3 & 5.4. Samples were 

extracted as per section 2.12.2
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Table 5.3 Serous papillary ovarian adenocarcinom as (n=20)

Sample Histology Stage Grade

37 Serous papillary adenocarcinoma 3C 3

38 Serous papillary adenocarcinoma 3C 3

177 Serous papillary adenocarcinoma 3C 3

188 Serous papillary adenocarcinoma 3C 3

189 Serous papillary adenocarcinoma 3C 3

202 Serous papillary adenocarcinoma 3C 3

257 Serous papillary adenocarcinoma 3C 3

277 Serous papillary adenocarcinoma 3C 3

299 Serous papillary adenocarcinoma 3C 3

463 Serous papillary adenocarcinoma 3C 3

481 Serous papillary adenocarcinoma 3C 3

510 Serous papillary adenocarcinoma 3C 3

515 Serous papillary adenocarcinoma 3C 3

517 Serous papillary adenocarcinoma 3C 3

523 Serous papillary adenocarcinoma 3C 3

567 Serous papillary adenocarcinoma 3C 3

574 Serous papillary adenocarcinoma 3C 3

591 Serous papillary adenocarcinoma 3C 3

641 Serous papillary adenocarcinoma 3C 3

661 Serous papillary adenocarcinoma 3C 3
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Table 5.4 Benign serous cystadenoma (n=20)

Sample Histology

101 Benign serous cystadenoma

117 Benign serous cystadenoma

155 Benign serous cystadenoma

171 Benign serous cystadenoma

212 Benign serous cystadenoma

241 Benign serous cystadenoma

243 Benign serous cystadenoma

272 Benign serous cystadenoma

278 Benign serous cystadenoma

429 Benign serous cystadenoma

434 Benign serous cystadenoma

443 Benign serous cystadenoma

460 Benign serous cystadenoma

470 Benign serous cystadenoma

472 Benign serous cystadenoma

527 Benign serous cystadenoma

577 Benign serous cystadenoma

590 Benign serous cystadenoma

599 Benign serous cystadenoma

611 Benign serous cystadenoma

5.5 Results

5.5.1 Data quality control

Exiqon Services have developed a rigorous and automated PCR data QC pipeline that 

allows technicians to draw maximum benefit of SYBR Green based miRCURY LNA 

PCR assays. Each individual amplification product on PCR panels is scrutinized by:

• Melting curve analysis

• Calculation of amplification efficiency

• Comparison of Cp value to background level in the negative control sample

239



Data that derive from PCR reactions that fall outside our thresholds and specifications 

are flagged and removed. This ensures that the data analysis is performed with a 

consistent high quality data set.

M elting curve analysis

An additional step in the real-time PCR analysis was performed to evaluate the 

specificity o f  the amplification products by generating a melting curve for each 

reaction. The appearance o f a single peak with the expected Tm is an indication that a 

single specific product was amplified during the qPCR process. PCR reactions that 

gave rise to multiple melting curve peaks or single peaks with melting temperature 

incoherent with the specifications for the corresponding assay (in-house database) were 

fiagged and removed from the dataset. Flagged reactions are marked with crosses in the 

Sample Submission Plot as illustrated in Figure 5.1.
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Figure 5.1 Example of Sample Submission Plot, illustrating the C p’s obtained for 

each well in a 384-well plate. The color scale indicates the level o f expression (Cp). 

The circles with crosses indicate assays that have more than one peak on the 

m elting curve, or that have a Tm that deviate from the in-house database o f Tm- 

values.
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Sample quality control using spike-ins

The RNA spike-in kit for quality control o f  the cDNA synthesis has been applied. It is 

important for any qPCR experiment to ensure that the quality o f the input RNA is 

sufficiently high for effective amplification. The cDNA synthesis control (UniSp6) was 

added in the reverse transcription reaction giving the opportunity to evaluate the RT 

reaction. The steady levels o f the assay shown in Figure 5.2 indicate that both reverse 

transcription and qPCR were successful. The steady level, which is comparable to the 

blank purification, also shows that most o f  the samples do not contain inhibitors. One 

sample, “3” (TCDOG 507) shows increased Cp levels, indicating that it could contain 

inhibitors. However, this may vary with the actual experimental setup so it was 

recommended to include this sample also in the full profiling.

30.0 r  

Z9.0
28.0 -
27.0 

Z6.0 -
25.0 —
24.0
23.0 -
22.0 
21.0  —  

20.0  -

b . < o < i > ' V N A

Figure 5.2 cDNA synthesis control assays. The graphs show the raw C p’s obtained 

for the RNA spike-in assay.

UniSpG
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Signals from  positive and negative controls

A blank purification sample was included as a negative control. This type o f negative 

control is used as this is the most stringent type o f  control applicable. It will detect 

RNA contamination in the RT step. For the subsequent panel profiling an assay is 

required to be detected at a level at least 5 C p’s lower than the negative control to 

include it in the data analysis. For assays that do not yield any signal on the negative 

control, the upper limit o f detection is set to Cp =37. The positive control is a pool o f 

synthetic microRNAs.
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Positive and negative control

m iR -103
■ miR-191 

miR-451
■ m iR -23a 

■ m iR -30c

Positive control N «gativ« control

Figure 5.3 Positive and negative controls

Sample miRNA signal

The average Cp levels for all o f  the tested samples are indicated below. miR-103, miR- 

191, miR-23a, and miR-30c are known to be expressed in a m ajority o f  sample types at 

a steady level. These microRNAs should thus be used to evaluate the microRNA 

content o f  the samples. m iR -451 is highly expressed in blood cells. Samples that yield 

stronger signals than the average o f  the samples from this assay may contain a larger 

amount o f  blood cells than the other samples in the sample set.
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Figure 5.4 the average Cp obtained for all samples 

Signals from negative controls

The data set that passed the data quality controls is compared to the negative control 

(NoTemplateControl, NTC). A “no template” in the RT step was included as a negative 

control. It will detect RNA contamination in the RT step, an assay is required to be 

detected 5 C p’s lower than the negative control to include it in the data analysis. For 

assays that do not yield any signal on the negative control, the upper limit o f detection 

is set to Cp =37 (Figure 5.5 &5.6).
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Figure 5.5 Bar diagram showing raw Cp values for the negative control sample

for the pilot study
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Figure 5.6 Bar diagram showing raw Cp values for the negative control sample

for the validation study
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Data quality control using spike-ins (technical controls)

An RNA spike-in control (Sp6) was added in the reverse transcription reaction giving 

the opportunity to evaluate the RT reaction. In addition to this a DNA spike-in (Sp3) is 

present in triplicate on all panels. The DNA spike-in consists o f a prem ixed 

combination o f  DNA template and primers. Deviations in this reaction will indicate 

inhibitions at the qPCR level. The steady level o f  these assays shown in the graphs 

below for both the Sp6 and Sp3 assays indicate that both reverse transcription and 

qPCR were successful (Figure 5.7&5.S &Table 5.S&5.6).

Table 5.5 Raw data for the RNA and DNA spike in the pilot study

Name 1 10 2 3 4 5 6 7 8 9 blc

UniSp3 21.7 21.7 21.6 21.6 21.8 21.5 21.9 21.7 22.0 21.9 21.8

UniSP6 24.4 24.6 24.6 24.7 24.9 24.6 25.0 24.5 24.8 24.5 24.9

DNA
spikc-in

21.7 21.7 21,6 21.6 21.8 21.5 21.9 21.7 22.0 21.9 21.8

RNA
spikc-in

24.4 24.6 24.6 24.7 24.9 24.6 25.0 24.5 24.8 24.5 24.9

20

bic97 82 3 5 61 10 4

DNA spike-in  RNA spike-in

Figure 5.7 the graphs show the raw C p’s obtained for the two control assays

for the pilot study
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Table 5.6 Raw data for the RNA and DNA spike in the validation study 

Benign samples malignant samples

Sample UniSp6

CP

Sample UniSp6

CP

Sample UniSp6

CP

Sample UniSp6

CP

101 26.177 434 27.965 37 26.850 481 26.732

117 26.353 443 28.575 38 26.183 510 31.208

155 27.744 460 26.578 177 26.178 515 25.169

171 26.613 470 30.034 188 26.338 517 29.046

212 27.330 472 26.343 189 27.951 523 28.111

241 26.611 527 25.664 202 28.480 567 25.775

243 29.467 577 26.811 257 26.221 574 27.829

272 27.528 590 25.261 277 26.223 591 27.901

278 25.990 599 26.794 299 26.970 641 28.251

429 26.218 611 26.814 463 25.985 661 26.798

(bcp=28.90 1 )

UniSp6 CP

U n i S p G C P

Figure 5.8 the graphs show the raw C p’s obtained for the two control assays

for the validation study
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Assessing hemolysis

To assess hemolysis two microRNAs are used. One that is expressed in red blood cells 

(miRNA-451), and one that is relatively stable in serum and plasma and not affected by 

hemolysis (miRNA-23a). The dCp value o f miR-23a- miR-451 is calculated. The ratio 

between these two microRNAs correlates to degree o f hemolysis. Samples with ratios 

above 8.0 will have an increased risk o f being affected by hemolysis. Samples with 

lower ratios are generally not affected by hemolysis. These numbers refer to human 

samples, and may vary with species and diseases studied (Figure 5.9 & Table 5.7). As 

displayed in Figure 5.7 the dCp (23a- 451) are lower than 8.0 in all samples showing 

minimal signs of hemolysis problems.

Ratio <23a-3p/451>
a
7

0  

s
4

3

2

1 

o

Figure 5.9 the graphs show the dCp (23a-451) ratio from the samples analyzed

Table 5.7 Raw data for miR-23a-3p &miR-451a

Target name 1 2 3 4 5 6 7 8 9 10
miR-23a-3p 29.0 28.3 28.5 27.5 29.3 29.6 29.0 29.4 27.7 28.8
miR-451a 23.9 21.9 22.9 24.1 22.5 24.2 24.2 25.5 23.2 24.0
Ratio (23 a- 
3p/451)

5.0 6.3 5.6 3.4 6.7 5.3 5.3 3.8 4.5 4.8
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Normalization

• Normalization o f  serum/plasma microRNA qPCR data is challenging

• Normalization adjusts for technical biases (RNA amount, quality etc)

• Normalization is necessary to make expression values comparable across 

samples

• No housekeeping genes are stably expressed in all situations

• With qPCR panels, no prior assumptions are made about housekeeping genes

Normalization is performed based on the average o f the assays detected in all samples 

as this is shown to be the best normalization for qPCR studies involving numerous 

assays (265). For the training set, this included 95 assays. Normalization for the 

validation set is performed based on the average o f the normalizer assays this included 

has-miR-103a-3p, miR-27b-3p, miR-30b-5p and miR-101-3p.

The stability o f the average o f 95 microRNAs is higher than any single microRNA in 

the data set as measured by the normfinder software (376). The fonnula used to 

calculate the normalized Cp values are:

Normalized Cp = average Cp (n= 10) -  assay Cp (sample)

A higher value thus indicates that the microRNA is more abundant in the particular 

sample.

5.5.2 Initial training set 

Number of detected microRNA

The panel profiling was successfully completed. The raw data all show good data 

quality. Table 5.8 lists the number o f  assays present o f the miRCURY LNATM 

Universal RT miRNA PCR panels used for this study, and the number o f  assays that 

were detectable in all o f our samples. Full list o f  microRNAs profiled are shown in 

THE appendix.
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Table 5.8 Number o f detected microRNA

Num ber o f assays

miRCURY L N A ™  Universal RT 
miRNA PCR Serum Panel

176

Assays with signal in all samples 95

36180

160
140

33120

100

80
3060
2940
2820

27
1 10 2 3 4 5 6 7 8 9

■■■ Count Average

Figure 5.10. Graphical illustration of the number of microRNAs detected. On 

average, 136 microRNAs were detected per sample

To crudely determine data quality for each sample the level o f  microRNAs (number o f 

microRNAs detected as well as the average Cp for each sample) was compared in all 

samples. In this study the samples are alike in microRNA content, suggesting that the 

samples are o f  similar quality and have been processed reproducibly (Figure 5.10).

Table 5.9 Number of microRNAs detected with average o f cp

1 10 2 3 4 5 6 7 8 9

Count 127 135 145 135 156 133 119 141 124 141

Average 32.50 32.17 31.38 31.96 31.19 32.11 33.10 31.95 32.66 31.41
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Heat-map and unsupervised hierarchical clustering

The heat map diagram shows the result o f  the two-way hierarchical clustering o f 

microRNAs and samples. Each row represents one microRNA, and each column 

represents one sample. The microRNA clustering tree is shown on the left. The color 

scale shown at the bottom illustrates the relative expression level o f  m icroRNA across 

all samples: red color represents an expression level above mean, green color represents 

expression lower than the mean. The top 50 microRNA have been included in the two- 

way hierarchical clustering o f microRNAs (Figure 5.2) and in the Principal Component 

Analysis (PCA) Heat Map and Unsupervised Hierarchical Clustering, is performed on 

all samples, and on the top 50 microRNAs with highest standard deviation. The 

normalized (dCp) values have been used for the analysis (Figure 5.11).
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Figure 5.11) Heat Map and Unsupervised Hierarchical Clustering
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PCA pJot

Principal Component Analysis (PCA) is a method used to reduce the dimension o f 

large data sets and thereby a useful way to explore the naturally arising sample classes 

based on the expression profile. By including the top 50 microRNA that have the 

largest variation across all samples, an overview o f how the samples cluster based on 

this variance is obtained. If the biological differences between the samples are 

pronounced, this will be a primary component o f the variation. This leads to separation 

o f samples in different regions o f a PCA plot corresponding to their biology. If other 

factors, e.g., RNA quality, inflict more variation on the samples, the samples will not 

cluster according to the biology. The principal component analysis is performed on all 

samples, and on the top 50 microRNAs with highest standard deviation. The 

normalized (dCp) values have been used for the analysis. Samples seem to cluster 

based on group information provided, although 4 and 6 appear to be outliers.

■ 5■ 2

■ 10
X axis = 1. Y aids = 2

Figure 5.12. PCA plot. Green= malignant samples 

Red=Benign samples
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Differentially expressed microRNAs

When comparing the two groups using a Students t-test, 5 microRNAs were found to 

be differentially expressed using a cutoff o f p-value < 0.05. These p-values however 

did not pass a Benjamini Hochberg correction for m ultiple testing, which is 

recommended to when doing panel or array profiling. The table below shows the 

individual results for the top 9 microRNA.

Table 5.10 showing microRNA names, average dCp values and standard deviation 

followed by ddCp, raw p-values from a test between the two groups and the p- 

value Benjamini Hochberg corrected for multiple testing.

Name Average 1 Average 2 LogFC p-value BH adj p 
value

hsa-miR-125b-5p -2.314 -1.239 -1.074 0.001 0.133

hsa-miR-99a-5p -1.129 -0.365 -0.763 0.022 0.493

hsa-miR-342-3p -0 .916 0.084 -0.999 0.024 0.493

hsa-miR-152 -2.455 - 1.801 -0.653 0.025 0.493

hsa-miR-l 50-5p 0.275 1.597 -1.323 0.025 0.493

hsa-let-7g-5p 0.242 0.694 -0.453 0.081 0.758

hsa-m iR-l 07 1.089 0.664 0.425 0.089 0.758

hsa-let-7b-5p 0.889 1.221 -0.332 0.115 0.758

hsa-miR-23b-3p 0.309 0.589 -0.280 0.126 0.758

The data from sample 4 and sample 6 were omitted as unsupervised analyses indicate 

that these are potential outliers. Three microRNAs are significant with a cut-off at 0.05 

after Benjamini Hochberg correction for mulitple testing.

Table 5.11 Re-comparison between two groups after om itting the outliers

Name Average 1 Average 2 LogFC p-value BH adj p 
value

miR-125b-5p -2.187 -1.074 1.112 6.57628E-05 0.006

miR-92a-3p 4.582 3.816 0.766 0.0008 0.028

miR-99a-5p -1.116 -0.126 -0.989 0.0008 0.028
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5.5.3 Validation of the pilot study 

Number of detected microRNA

Based on the results of the pilot study it was decided to validate the top 23 deregulated 

microRNAs (Table 5.12) as well as the controls. The panel profiling was successfully 

completed. The raw data all show good data quality.

Table 5.12 the top 23 deregulated microRNAs from the pilot study

Design target name p-Value Benjamini Hochberg corrected p value

hsa-miR-125b-5p 0.000127 0.012963374

hsa-miR-92a-3p 0.000741 0.029337713

hsa-miR-99a-5p 0.000863 0.029337713

hsa-miR-15a-5p 0.001625 0.041431419

hsa-miR-25-3p 0.002624 0.05352187

hsa-miR-451 a 0.006415 0.109050668

hsa-miR-363-3p 0.009042 0.131751956

hsa-miR-16-2-3p 0.012336 0.143954692

hsa-miR-32-5p 0.012702 0.143954692

hsa-miR-16-5p 0.016777 0.17112978

hsa-miR-152 0.022911 0.212448137

hsa-miR-29c-3p 0.026527 0.22547942

hsa-let-7i-5p 0.030355 0.238168786

hsa-miR-342-3p 0.04842 0.322413457

hsa-miR-423-3p 0.049098 0.322413457

hsa-miR-140-3p 0.050575 0.322413457

hsa-miR-122-5p 0.059389 0.353806973

hsa-miR-19b-3p 0.062437 0.353806973

hsa-miR-192-5p 0.071848 0.377704616

hsa-miR-150-5p 0.07406 0.377704616

hsa-miR-484 0.085186 0.379622814

hsa-miR-107 0.087132 0.379622814

hsa-miR-486-5p 0.087304 0.379622814
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Table 5.13 Number o f detected microRNA

Num ber o f assays

miRCURY LNA^^ Universal RT 
miRNA PCR Custom Pick-&-M ix Panel

23

Assays with signal in all samples 8

25 T-----------

20

15

10

5

f

-

I Count •Average

29

27

25

23

21

19

17

15

Figure 5.13 Graphical illustration of the number of microRNAs detected. On 

average, 21 microRNAs were detected per sample.

In this study the samples are alike in microRNA content, suggesting that the samples 

are o f similar quality and have been processed reproducibly (Figure 5.13).
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Heat-map and unsupervised hierarchical clustering

As mentioned previously the heat map diagram shows the result o f the two-way 

hierarchical clustering o f microRNAs and samples. Each row represents one 

microRNA, and each column represents one sample. The microRNA-clustering tree is 

shown on the left. The color scale shown at the bottom illustrates the relative 

expression level o f a microRNA across all samples: red color represents an expression 

level above mean, blue color represents expression lower than the mean. The clustering 

is performed on all samples, and all (non-normalizer) microRNAs. The normalized 

(dCp) values have been used for the analysis, in case o f missing values the group 

average has been used.
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Figure 5.14. Heat Map and Unsupervised Hierarchical Clustering.
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PCA plot

The principal component analysis is performed on all (non-normalizer) microRNAs. 

The normalized (dCp) values have been used for the analysis, in case o f  m issing values 

the group average has been used. No clear clustering o f  groups is seen, although 

m alignant tends to fall on the right hand side and the benign tend to fall on the left hand 

side o f  the plot (Figure 5.15). Retrospective individual analysis showed that some of 

these samples, which did not cluster went on to develop chemoresistance quite quickly.
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■ 517■ 472 ■ 241
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= 1. Y axis = 2

Green=Benign samples 

Blue=M alignant samples

Figure 5.15 PCA plot for the validation study
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Differentially expressed microRNAs

When comparing the two groups using a Students t-test, five microRNAs were found to 

be differentially expressed using a cutoff of p-value < 0.05. Four o f these p-values 

passed a Benjamini Hochberg correction for multiple testing which is recommend to be 

done when doing panel or array profiling (Table 5.14).

Table 5.14 microRNA names, standard deviation and average dCp values,

followed by ddCp, the raw p-values and p-values corrected for multiple testing.

Name Stdcv Benign Malignant Benign-
Malignant

p-valucs BH adj p- 
valucs

hsa-lct-7i-5p 1.073 -7.865 -8.661 0.796 0.022 0.03
hsa-miR-122-5p 1,70 -5.261 -6.426 1.164 0.03 0.035
hsa-miR-152 1.224 -9.526 -10.402 0.876 0.035 0.039
hsa-miR-25-3p 1.33 -6.656 -7.535 0.878 0.039 0.043
hsa-miR-342-3p 1.063 -8.232 -8.928 0.696 0.043 0.056
hsa-miR-652-3p 1.272 -8.555 -9.351 0.796 0.056 0.117
hsa-miR-99a-5p 1.429 -8.96 -9.698 0.738 0.117 0.163
hsa-iniR-140-3p 1.543 -7.018 -7.703 0.684 0.163 0.27
hsa-miR-16-5p 1.312 -3.479 -3.943 0.464 0.27 0.302
hsa-miR-16-2-3p 1.379 -8.885 -9.365 0.48 0.302 0.308

Although the samples do not cluster robustly into two distinct groups, the supervised 

analysis found four microRNAs to be statistically significantly differentially expressed 

between the malignant and benign samples.
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5.6 Applied biosystems versus Exiqon

Out o f 754 microRNAs included in the Applied biosystems (ABI) microRNA array 252 

(162 in card A & 89 in card B) were detected in blood in this study. 410 microRNAs 

were detected in serum (76 in card A & 334 in card B). 176 microRNAs were detected 

in serum using the Exiqon Platform. The overlap o f  m icroRNAs detected in this study 

using the ABI platform compared with the Exiqon platform is displayed in Figure 5.16.

ABI platform 

(Serum)

410

176
11 124

6 252

29

Exiqon platform ABI platform 

(Blood)

Figure 5.16 Venn diagram shows the microRNAs detected in 

the exiqon and Applied biosystems platforms
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5.7 Bio-informatic analysis

Bio-informatic analysis o f the deregulated microRNAs in cancer patients in our study 

demonstrated several pathways (Table 5.15).

• Validated targets were identified using M IRW ALK database. 919 validated 

targets were identified for the top four microRNAs. 579 validated targets for let- 

7i-5p, 213 for miR-122-5p, 82 for miR-25-3p and 49 targets for miR-152 have 

been found.

•  The validated targets were then uploaded into DAVID pathway analysis 

software.

• ENTREZ GENE ID was selected as a gene identifier.

• Gene List was selected as the list type.

• Functional Annotation Chart in the main window was chosen.

•  KEGG PATHW AY was chosen to see a list o f  enriched pathways described in 

the KEGG database (Table 5.15).
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Table 5.15 List of pathways targeted by the validated targets for deferentially deregulated microRNAs in cancer patients in this study

KEGG_PATHWAY Pathways in cancer KE 77 16.8 2.6E-31 3.8E-29

KEGG_PATHWAY Pancreatic cancer RT 29 6.3 3.6E-18 2.6E-16

KEGG_PATHWAY Chronic mveloid leukemia R I 29 6.3 1.3E-17 6.3E-16

ICEGG_PATHWAY Prostate cancer R J 31 6.8 2.3E-17 8.6E-16

KEGG_PATHWAY Colorectal cancer R I 29 6.3 4.0E-16 1.3E-14

KEGG_PATHWAY Non-small cell lune cancer RT 21 4.6 8.7E-13 2.1E-11

KEGG_PATHWAY Glioma RT 22 4.8 2.5E-12 5.2E-11

KEGG_PATHWAY Melanoma RT 23 5.0 3.9E-12 7.2E-11

KEGG_PATHWAY Endometrial cancer R J 20 4.4 4.4E-12 7.2E-11

KEGG_PATHWAY Toll-like receotor sienalina oathwav RT 27 5.9 4.8E-12 7.1E-11

KEGG_PATHWAY Small cell lune cancer RT 24 5.3 2.2E-11 2.9E-10

KJEGG_PATHWAY Acute mveloid leukemia R I 20 4.4 4.1E-11 5.0E-10

KEGG_PATHWAY Bladder cancer RT 17 3.7 l.lE -10 1.2E-9

KEGG_PATHWAY Cell cycle R I 28 6.1 1.5E-10 1.6E-9

KEGG_PATHWAY Renal cell carcinoma R I 21 4.6 2.0E-10 2.0E-9

KEGG PATHWAY Jak-STAT signaling pathway R I 30 6.6 1.2E-9 l.lE -8
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KEGG PATHWAY ErbB signaling pathway 

KEGG_PATHWAY Focal adhesion

KEGG PATHWAY Insulin signaling pathway

KEGG_PATHWAY Thyroid cancer

KEGG PATHWAY TGF-beta signaling pathway

KEGG PATHWAY Adipocytokine signaling pathway

KEGG_PATHWAY Neurotrophin signaling pathway

KEGG_PATHWAY Epithelial cell signaling in Helicobacter pylori infection

KEGG PATHWAY Cytokine-cytokine receptor interaction

KEGG_PATHWAY Progesterone-mediated oocyte maturation

KEGG_PATHWAY Apoptosis

KEGG_PATHWAY Fc epsilon RI signaling pathway

KEGG PATHWAY T cell receptor signaling pathway

KJEGG_PATHWAY mTOR signaling pathway

KEGG PATHWAY p53 signaling pathway 

KEGG_PATHWAY Graft-yersus-host disease 

KEGG PATHWAY Chemokine signaling pathway 

KEGG_PATHWAY MAPK signaling pathway
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RT 22 4.8 2.2E-9 1.9E-8

RI 33 7.2 l.OE-8 8.4E-8

RI 25 5.5 9.6E-8 7.4E-7

RT 12 2.6 l.lE-7 7.7E-7

RI 19 4.2 4.0E-7 2.8E-6

RI 16 3.5 1.3E-6 8.8E-6

RI 22 4.8 1.4E-6 9.3E-6

RI 16 3.5 1.6E-6 9.9E-6

RI 34 7.4 1.8E-6 l.lE-5

RI 17 3.7 7.8E-6 4.4E-5

RI 17 3.7 9.1E-6 4.9E-5

RI 16 3.5 9.9E-6 5.2E-5

KE 19 4.2 l.lE-5 5.3E-5

RT 13 2.8 l.lE-5 5.5E-5

kl 14 3.1 4.2E-5 2.0E-4

RI 10 2.2 1.4E-4 6.6E-4

RI 23 5.0 2.9E-4 1.3E-3

RT 29 6.3 3.1E-4 1.3E-3



KEGG PATHWAY NOD-like receptor sienaling oathwav

KEGG_PATHWAY VEGF sienaline oathwav

KEGG PATHWAY B cell receptor sienaling pathway

KEGG PATHWAY Natural killer cell mediated cytotoxicity

KEGG_PATHWAY Adherens junction

KEGG_PATHWAY Type I diabetes mellitus

KEGG_PATHWAY Melanogenesis

KEGG_PATHWAY Prion diseases

KEGG_PATHWAY Basal cell carcinoma

KEGG_PATHWAY Allograft rejection

KEGG_PATHWAY Autoimmune thyroid disease

KEGG_PATHWAY GnRH signaling pathway

KEGG_PATHWAY Wnt signaling pathway

KEGG_PATHWAY Axon guidance

KEGG PATHWAY Cytosolic DNA-sensing pathway

KEGG_PATHWAY Type II diabetes mellitus

KEGG PATHWAY RlG-I-like receptor signaling pathway

KEGG_PATHWAY Hematopoietic cell lineage

KEGG PATHWAY Amyotrophic lateral sclerosis (ALS)

RJ 12 2.6 3.3E-4 1.4E-3

R I 13 2.8 4.8E-4 1.9E-3

RT 13 2.8 4.8E-4 1.9E-3

R J 18 3.9 5.4E-4 2.2E-3

R I 13 2.8 6.1E-4 2.4E-3

RT 9 2.0 1.3E-3 5.0E-3

RJ 14 3.1 1.9E-3 6.9E-3

R I 8 1.8 2.0E-3 7.0E-3

K [ 10 2.2 2.1E-3 7.2E-3

R I 8 1.8 2.3E-3 7.9E-3

R I 9 2.0 4.7E-3 1.6E-2

R I 13 2.8 5.0E-3 1.6E-2

R I 17 3.7 5.6E-3 1.8E-2

R I 15 3.3 7.5E-3 2.3E-2

R I 9 2.0 7.5E-3 2.3E-2

R I 8 1.8 I.lE-2 3.2E-2

R I 10 2.2 1.2E-2 3.4E-2

R I 11 2.4 1.4E-2 4.1E-2

KL 8 1.8 2.0E-2 5.6E-2



KEGG_PATHWAY 

KEGG_PATHWAY 

KJEGG_PATHWAY 

KEGG_PATHWAY 

KEGG_PATHWAY 

KEGG_PATHWAY 

KEGG_PATHWAY 

KEGG PATHWAY

Endocvtosis

Dorso-ventral axis formation 

Intestinal immune network for IgA production 

Aldosterone-regulated sodium reabsorption 

ECM-receotor interaction 

Hypertrophic cardiomyopathy (HCM)

Viral myocarditis 

Notch signaling pathway

RT 17 3.7 3.2E-2 8.7E-2

R I 5 1.1 4.0E-2 l.OE-1

R I 7 1.5 4.2E-2 l.lE-1

R I 6 1.3 6.2E-2 1.6E-1

R I 9 2.0 7.4E-2 1.8E-1

R I 9 2.0 7.8E-2 1.9E-1

R I 8 1.8 7.9E-2 1.8E-1

RT 6 1.3 9.9E-2 2.3E-1
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5.8 Discussion

This study successfully profiled and validated differentially regulated microRNAs in 

serum from ovarian cancer patients versus benign controls using the Exiqon platfomi 

and revealed four (let-7i-5p, miR-152, miR-122-5p and miR-25-3p) significantly down- 

regulated microRNAs in cancer patients. O f the microRNAs validated with the Exiqon 

platform only miR-25 was detected in 2 serum samples using the ABI platform so very 

little overlap was seen between platforms.

The Exiqon platform has several advantages compared to the TaqM an Microarray 

platform. One o f these advantages is adding a carrier RNA during the purification 

procedure. The use o f a carrier ensures the highest and most consistent yield from 

serum samples. In addition, it minimizes the carry-over o f  enzyme inhibitors, which are 

present at high levels in serum and that affect the efficiency o f  the reverse transcription 

or PCR reactions while m aximizing the RNA yield. Furthennore, Exiqon has 

developed a set o f  synthetic RNA spike-ins that can be used to perform qPCR-based 

quality control o f  RNA samples. Another advantage is monitoring o f hemolysis, where 

the level o f  miR-451a; a microRNA highly expressed in red blood cells is compared 

with a microRNA unaffected by hemolysis (miR-23a-3p) (345). Blood cells are a major 

contributor to circulating microRNAs and perturbations in blood cell counts and 

hemolysis can alter the plasma levels o f  microRNA biomarker by up to 50-fold (377). 

M easurements o f  the level o f  these microRNAs in whole blood, plasma, red blood cells 

and peripheral blood cells revealed that the microRNA content o f red blood cells 

represents the m ajor source o f  variation in miR-451 levels measured in plasm a (256).

Bioinformatic analysis o f  the validated targets for these microRNAs revealed numerous 

pathways involved in cancer such as W NT signaling, AKT/mTOR and TLR-4/M yD88. 

W NT signaling pathway is one o f  these pathways, and has previously been found to 

play a role in ovarian carcinogenesis (378). The pathway is thought to contribute to the 

development o f ovarian cancer through multiple diverse mechanisms such as mutation 

o f  the CTNNBl gene that codes for beta-catenin, the key effector in the pathway, and 

changes in components o f the pathway such as extracellular inhibitors and intranuclear 

transcription cofactors.. Further studies are needed to investigate the exact mechanism 

involved so targeted therapy can be applied (378).
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Another pathway is the AKT/mTOR signaling pathway, which is frequently 

overexpressed in epithelial ovarian cancer. In vivo administration o f  m TOR inhibitors 

in ovarian cancer xenografts is associated with antitumoral and antiangiogenic effects 

(379). Currently mammalian target o f  rapamycin (mTOR) inhibitors, poly-ADP-ribose 

polymerase (PARP) inhibitors and components o f  the EGFR pathway are in the focus 

o f clinical research (380). Current studies focus on use o f targeted agents in conjunction 

with chemotherapy to see whether there are alternative options to bevacizumab, 

vascular endothelial growth factor (VEGF) inhibitor, available for patients with ovarian 

cancer (380).

VEGF is a key factor involved in the development o f ovarian cancer by enhancing 

tumour angiogenesis and increasing vascular permeability. VEGF levels have been 

inversely correlated with survival. Furthermore, inhibition o f  VEGF found to suppress 

tumor invasion and metastasis (381).

The TLR-4/M yD88 pathway has in recent years been proposed as a risk factor for 

carcinogenesis and chemoresistance in ovarian cancer (271, 382). W hile it has been 

observed that TLR-4 (one o f the predicted target in this study) expression is ubiquitous 

in EOC cells, a subgroup differentially expressing MyD88 has demonstrated increased 

cytokine/chemokine production and cellular proliferation upon activation o f TLR-4 

(382). Chen et al have used this differential expression to subdivide EOC into type 1 

and type 2 (266). Type 1 EOCs have a functioning TLR-4/M yD88 pathw ay and may 

represent an ovarian cancer stem cell (CSC) that is highly resistant to pro-apoptotic 

signaling and which can recruit leukocytes to actively promote a pro-inflamm atory, 

pro-proliferative m icroenvironment (383). Type 2 EOCs in contrast lack M yD88 and 

may represent more differentiated tumours that are less biologically aggressive (382, 

384). M ore recently M yD88 protein expression was shown to be a significantly poor 

prognositic factor in EOC by our group and others (352, 385).

Let-7i was the most significant down-regulated microRNA in our study and it has 579 

validated targets. Let-7i has been extensively researched in ovarian cancer and it has 

been found to be significantly decreased in chemotherapy-resistant patients (345). 

Studies showed that reduced level o f  let-7i correlated with a significant increase in the 

resistance o f  ovarian and breast cancer cells to cisplatin. Furthermore, reduced let-7i
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expression in tissue was significantly associated with shorter progression-free survival 

o f patients who presented with advanced ovarian cancer. These results strongly indicate 

that let-7i might be used as a therapeutic target to m odify platinum -based chemotherapy 

and as a biomarker to predict response to chemotherapy and survival in patients with 

ovarian cancer (345).

Let-7i has been linked to invasion, one o f  the key hallmarks o f  cancer that differentiates 

benign and malignant cases. A study in gastric cancer revealed a role for Let-7i in the 

initiation and malignant progression o f  locally advanced gastric cancer (LAGC) and its 

possible value in prediction o f  neo-adjuvant chemotherapeutic efficacy (28). Low 

levels o f let-7i were significantly associated with local invasion, lymphatic metastasis, 

and poor pathologic tumor response. The decreased level o f  let-7i expression was an 

unfavorable prognostic factor o f  overall survival independently o f  other clinic- 

pathological factors, such as tum or node m etastasis and depth o f infiltration (28). These 

results suggest that let-7i might act as a useful therapeutic target and a potential tissue 

m arker for the chemotherapy sensitivity prediction and prognosis in LAGC patients 

(28) and it may play a similar role in ovarian cancer

Very few reports exist in the literature as regards let-7i being detected in serum, 

however, one study examined the effect o f  blast overpressure injury on the microRNA 

signatures in the serum o f  rats where let-7i detection by real time PCR was identified 

as a promising serum biomarker for blast-induced traumatic brain injury (386). Our 

study is the first to report serum let-7i in the context o f  a cancer biomarker.

miR-122 was the second most downregulated microRNA in cancer patients in the 

validation set. This miRNA has not been reported in ovarian cancer previously but it 

has been associated with other cancers. One study examined the importance o f  several 

microRNAs in prostate cancer using tum or cells, normal epithelium and adjacent 

stroma. Contrary to our study miR-122 along with other microRNAs were up-regulated 

in high grade prostate tumour compared to normal tissue. This unique expression 

suggests that microRNAs may provide novel diagnostic and prognostic tools that will 

help in the recognition o f prostate cancers with aggressive behavior (387).
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Studies in colorectal cancer revealed six microRNAs including m iR-122 were 

upregulated from non-neoplastic tissue to dysplasia, however, they were downregulated 

from dysplasia to cancer. Furthermore, cyclin G, a cell-cycle regulator m iR-122 target 

was downregulated in cancer cell lines, which indicate that this m icroRNA has a 

tumorogenic effect on the TP53 pathway (388).

In addition, miR-122 was reported to serve as a tumour suppressor and has a vital role 

in inhibiting breast cancer tumorigenesis through targeting IG FIR  and regulating the 

PI3K/Akt/mTOR/p70S6K pathway. These findings indicate that m iR-122 may be a 

novel therapeutic or diagnostic/prognostic-target for treating breast cancer (389) and 

may play a similar role in ovarian cancer which requires further investigation.

W hile serum miR-122 detection has not previously been reported in ovarian cancer, it 

has shown utility as a serum biomarker in other diseases as well as cancer. m iR-122 is 

known for being the most abundant microRNA in hepatocytes. It has established roles 

in hepatitis c virus replication (HCV), hemostasis and hepatocarcinogenesis (390, 391). 

Studies showed that miR-122 functions as a viable therapeutic target (391). Circulating 

miR-122 was also identified as a potential biomarker o f acute liver injury following 

intoxication o f mice (392).

Serum miR-122 was significantly higher in hepatocellular carcinom a (HCC) patients 

compared to healthy controls (393). In contrast, our study showed that m iR-122 was 

significantly downregulated in cancer patients compared to the benign controls. 

Interestingly, in the fonner study miR-122 was significantly lower in the post-operative 

serum samples compared to the pre-operative samples. Taken together these results 

suggest that serum m iR-122 may act as a novel and potential noninvasive biom arker for 

detection o f  HCC in healthy people (393).

Another study examined the prognostic potential o f  serum miR-1 and miR-122 from 

patients with HCC found that patients with high serum levels o f m iR-122 showed 

longer overall survival (OS) than those with lower miR-122. m iR-122 associated with 

clinical chemistry parameters o f hepatic necro-inflammation, liver function and 

synthetic capacity (394).
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Another deregulated microRNA found in our study was miR-152. miR-152 has shown 

potential in ovarian cancer. Similar to our results m iR-152 was significantly reduced in 

ovarian cancer tissues compared to normal ovarian epithelium tissues (352). Cell 

proliferation was significantly inhibited following transfection o f  m iR-152 and miR- 

148a into ovarian cancer cell lines. These findings suggest that m iR-152 and m iR-148a 

is involved in the carcinogenesis o f ovarian cancer through deregulation o f  cell 

proliferation (352). Along with miR-185, miR-152 was significantly downregulated in 

the cisplatin-resistant ovarian cell lines SK 0V 3/D D P and A2780/DDP, compared with 

their sensitive parent line SK 0V 3 and A2780, respectively. The overexpression o f 

miR-152 or miR-185 enhanced cisplatin sensitivity by inhibiting proliferation and 

accelerating apoptosis. miR-152 and miR-185 increased cisplastin sensitivity through 

direct targeting o f  DNA methyltransferase 1 (D N M T l) (395).

miR-152 was among a panel o f  microRNAs, reported to be down-regulated in 

endometrial adenocarcinoma compared to normal endometrium (396). Low levels o f 

miR-152 expression significantly correlated with poorer overall survival. M ultivariate 

analysis showed that decreased expression o f m iR-152 is an independent risk factor for 

overall survival. This in turn suggests that depressed microRNA expression is 

associated with poor prognosis o f endometrial adenocarcinom a (396).

m iR-152 has also been linked to invasion; its expression was significantly decreased in 

primary prostate cancer compared to that in non-malignant samples. Also low level o f  

miR-152 expression is associated with advanced pathological T-stages. These findings 

indicate that miR-152 might serve as a tum our suppressor through targeting 

transform ing growth factor-alpha (TGFa) and it m ight inhibit the migration and 

invasion in prostate cancer (397). The potential o f  m iR-152 as a tissue based 

biomarkers has been demonstrated in many studies described above and our study now 

for the first time demonstrates its utility as a serum based diagnostic biomarker.

miR-25 is another microRNA which was highly expressed in ovarian cancer samples 

and cell lines (398), which contradicts our findings where miR-25 was found to be 

downregulated in cancer patients compared to their benign controls. In the former study 

apoptosis was induced by down-regulation o f  miR-25 in ovarian cancer cells, while 

overexpression o f  miR-25 enhanced cell proliferation. Also there was an inverse
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relationship between the pro-apoptotic protein Bim and expression o f miR-25 

expression in ovarian cancer tissues. These results suggested that miR-25 directly 

regulates apoptosis through targeting Bim in ovarian cancer and miR-25 may serve as a 

potential therapeutic target for ovarian cancer (398). This result might suggest that 

circulating miR-25 may serve as a potential biomarker to monitor targeted therapies.

miR-25 was also down-regulated in human colon cancer tissues compared to non

neoplastic mucosa tissues. The restoration o f expression of miR-25 was associated with 

inhibition o f cell proliferation and migration. However, inhibition of miR-25 inhibition 

could enhance the proliferation and migratory ability o f cells. Furthermore Smad7 was 

identified as a direct target of miR-25. These findings indicate that miR-25 may act as a 

tumor suppressor by repression o f Smad7 in colon cancer. Therefore, miR-25 may 

serve as a potential therapeutic target for cancer therapy (399).

Contrary to our findings miR-25 was up-rcgulated in esophageal squamous cell 

carcinoma (ESCC) tissues compared with to adjacent non-cancer tissues. This up- 

regulation was significantly associated with the status o f lymph node metastasis and 

TNM (Tumor, Node and Metastasis) stage. CD Hl, a tumour metastasis suppressor was 

identified as a direct target o f miR-25. Over-expression o f miR-25 markedly enhanced 

migrafion and invasion o f ESCC cells. In contrast, down-regulation o f miR-25 inhibited 

the migration and invasion o f cells. These results showed that miR-25 enhances cell 

migration and invasion o f ESCC by suppressing expression of CDHl (398).

One study assessed the use o f circulating microRNAs as potential biomarkers for the 

detection o f breast cancer risk found that four microRNAs ((miR-16, miR-25, miR-222 

and miR-324-3p) were persistently differentially expressed between breast cancer 

group and healthy controls. These results suggest that microRNA signatures could 

function as a non-invasive prediction biomarker for breast cancer (400). Contrary to our 

findings miR-25 was among seven microRNAs that were co-upregulated in serum and 

tissue o f breast cancer using SOLiD sequencing. The connection between serum and 

tissue based microRNA o f breast cancer indicate that serum-miR-25 may serve as a 

potential biomarker for the detection of breast cancer (401).
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Clearly our identified miRNAs have shown some potential as serum based biomarkers 

in other cancers and some have already shown important roles in the biology o f  ovarian 

cancer including their invasive potential which is one o f the key hallmarks that 

segregates benign and malignant tumours. Further work will need to be done to validate 

this signature in a clinical trial setting.
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5.9 Conclusion

This chapter showed the following:

• The extraction o f  RNA using a modified carrier RNA from serum is feasible.

• M icroRNA profiling from serum was possible in line with previously published 

papers.

• O f the 176 microRNAs involved in the training study, 95 were detected in all 

samples.

• Initial analysis o f  the training set revealed three microRNAs are significant with 

a cut-off at 0.05 after Benjamini Hochberg correction for m ultiple testing.

• Eight out o f twenty three assays were detectable in all samples in the validation 

study.

• Four microRNAs to be statistically significantly differentially expressed 

between the malignant and benign samples.

• Very little overlap was seen between Exiqon and ABI platform.

• The validated targets for the significantly differentially expressed microRNAs 

revealed numerous pathways involved in cancer such as W NT 271 ignalling, 

AKT/mTOR and TLR-4/MyD88.
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Chapter 6 

Evaluation of CA125 and HE4 

In Ovarian Cancer
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6.1 Introduction

Currently the diagnosis o f  early ovarian cancer is limited by the lack o f  standardized 

tests and effective screening strategies (327, 345). At present screening approaches 

utilize transvaginal ultrasound or tumour markers or a combination o f both methods. 

CA125 is the only biomarker, which is widely used in clinical practice as it is found at 

abnormally high levels in the blood o f many women with ovarian cancer. However, it is 

elevated in a num ber o f non-cancerous conditions and approximately 1 % o f  all healthy 

women and it is a poor m arker for early stage disease.

Recently a novel biomarker Human epididymis protein 4 (HE4), that is expressed in 

normal glandular epithelium o f  the female genital tract and breast as well as in a 

number o f  glandular carcinomas, has been identified as a serum tumour m arker for 

ovarian cancer, used alone or in combination with CA125 (146, 154, 402, 403). It has 

also been shown to be a sensitive and specific serum biomarker for ovarian cancer that 

is elevated less frequently by benign conditions that occur in premenopausal women 

(157). In addition to malignancy HE4 concenration was found to be affected by 

menopausal status and cancer stage (404). M oreover, HE4 in combination with C A 125 

and current ROMA index calculation is shown to be a suitable method to improve the 

detection o f  ovarian cancer (405).

The hypothesis o f  this study is that HE4 is a promising m arker that can be used as a 

diagnostic and prognostic m arker o f ovarian cancer.

6.2 Aims of the study

• To evaluate the utility o f  HE4 as a diagnostic and prognostic marker o f  ovarian 

cancer in premenopausal and postmenopausal women using samples from the 

DISCOVARY Bioresource.

• To determine if  HE4 can assess recurrence/ chemoresistance in ovarian cancer

• To evaluate the combination o f  CA125 and HE4 in the ROMA index (Risk o f 

Ovarian M alignancy Algorithm) for the detection o f ovarian cancer in the same 

cohort o f  patients.

• To compare CA125 (Fujirebio), used in this study with the standard Roche 

CA125, which is used in the current clinical practice.

• To establish a new ROMA cut o ff for an “at risk” population used in this study 

compared to a screening population, which the kit is validated for.
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6.3 M ethods

6.3.1 ELISA

HE4 and CanAg CA125 ELISA protocols were carried out according to m anufacturer’s 

instructions (FUJIREBIO Diagnostics) as described in chapter 2.

6.3.2 Study cohorts

Three main cohorts have being examined in this study;

• Preoperative diagnostic study

• Post-operative study

• Chemotherapy study

Preoperative diagnostic study 

n= 386 patients

Chemotherapy study 

n=9 patients

Post-operative study 

n=30 patients

Figure 6.1 Three main cohorts involved in the study
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Preoperative diagnostic study:

From the DISCOVARY Bioresource 386 patients were eligible for inclusion into a 

preoperative diagnostic study. Serum was collected from the patients prior to surgery 

for ovarian cancer and benign ovarian disease. The study is subdivided further into two 

groups premenopausal and postmenopausal. O f the 386 women recruited in the study, 

135 were premenopausal and 251 were postmenopausal women.

Post-operative study:

This pilot study was aimed at determining the half-life o f HE4 and in this study 30 

patients were recruited in the study. Samples were taken 4-10 days after surgery. This 

study is divided into 3 subgroups: chemo naive (15 patients), neo-adjuvant 

chemotherapy (13 patients) and recurrent patients (2 patients).

Chemotherapy study:

In this study samples were taken from patients undergoing chemotherapy for ovarian 

cancer. These samples were taken prior to commencement o f chemotherapy, after three 

cycles o f  chemotherapy and after they had finished their treatment. Nine patients were 

recruited in the study o f  similar histology (Stage 3, grade 3 serous papillary 

adenocarcinomas).

6.3.3 Statistics

Once ELISA results were obtained for HE4 and CA125, values were inserted into the 

following equations to generate a predictive index, then a predicted probability 

(ROM A) was calculated. ROMA is the risk o f ovarian malignancy algorithm index for 

primary detection o f ovarian cancer. Two different equations were used for 

premenopausal and postmenopausal women.

• Premenopausal predictive index (PI)=

-12.0+ (2.38*LN [HE4]) + (0.0626*LN [CA125])

•  Postmenopausal predictive index (PI)=

-8.09+ (1.04*LN [HE4] + (0.732*LN [CA125])

• Predicted probability (ROM A) = Exp (PI)/ ( I +Exp (PI))* 100
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Non-parametric tests (Kruskal-W allis Test and M ann-W hitney test were used for 

statistical analysis as data was not normally distributed. Kaplan-M eier was used to 

estimate overall survival and progression free survival time in cancer patients and 

survival time was compared by log-rank test. All significance testing was two-sided and 

p<0.05 were considered statistically significant. There were a few outliers, which did 

not affect the analysis o f the results. The log-rank was used for univariate analysis and 

a Cox proportional hazards regression model was used for multivariate evaluation o f 

survival rates.

In collaboration with Professor Max Petzold, based in Akadem istatistik-Centre for 

Applied Biostatistics at University o f  Gothenburg a new ROMA and HE4 cut o ff was 

developed in this study for a symptomatic population and compared to the standard cut 

o ff  which was generated for a screening population. In addition, CA125 (Fujirebio) 

used in this study was compared with the standard Roche CA125, which is used in the 

current clinical practice. Also a new cut o ff for ROMA was developed using the 

Fujirebio HE4 and the Roche CA125. For the purpose o f  the results the following 

abbreviations will be used throughout:

Fujirebio ROMA; for ROM A using Fujirebio HE4 and Fujirebio CA I25 

Fujirebio/Roche ROMA; for ROMA using Fujirebio HE4 and Roche CA125

6.4 Results

HE4, CA125 values and ROMA indices for pre-operative and post-operative groups are 

shown in appendix D. Each sample is given a unique identifier TCDOG; the 

corresponding histology is also displayed.

Preoperative study results

As ROMA indices are calculated for premenopausal and postmenopausal women 

separately, we have analysed all data by separating into premenopausal and 

postmenopausal groups.

6.4.1 Age

The median age o f premenopausal and postm enopausal women enrolled in the study 

and diagnosed with malignant disease was 60 years, for women diagnosed with
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borderline 50 years and 51 years for women who had benign disease. The median age 

in malignant group was significantly (p<0.01) higher than the median age in benign 

group. No significant changes were seen between malignant and borderline groups.

When the studied population was split according to menopausal status to 

premenopausal and postmenopausal groups the overall median age in premenopausal 

women was 44 years. When this was split into benign, borderline and malignant, the 

median age of women diagnosed with borderline and malignant disease was 44 years; 

while for women who developed benign disease the median age was 42 years. In the 

postmenopausal group the overall median age was 62 years and the median age of 

women diagnosed with malignant disease was 64 years and 61 years for women who 

had borderline tumours and benign disease as displayed in Figure 6.2-6.4 and Table 6.1.

B en ign  B orderline  l\/lalignant

Figure 6.2 Age distribution in premenopausal and postmenopausal women

Malignant versus benign= p<0.01

Table 6.1 Age of premenopausal and postmenopausal women

Menopausal status Benign Borderline Malignant

Premenopausal 42 44 44

Postmenopausal 61 61 64
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B en ign  B o rd e r l in e  M a l i g n a n t

Figure 6.3 Age distribution in premenopausal women
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Figure 6.4 Age distribution in postmenopausal women
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The relationship between age and HE4 and CA125 was studied in both premenopausal 

and postmenopausal women. In premenopausal women there was no significant 

association between age and HE4 or CA125 values. The median HE4 and CA125 in 

relation to median age o f the premenopausal group are displayed in Tables 6.2.

Table 6.2 Median HE4 and CA125 levels in premenopausal women 

categorised according to median age

Variable Less

Median

than 44 

Range

More than 44 

Median Range

HE4 33 (21-335) 35 (19-2732)

CA125 [Fujirebio] 22.45 (7-9555) 22.38 (7-164000)

CA125 [Roche] 53 (4-12618) 60 (4-11212)

In postmenopausal women, there was a significant correlation (Spearman correlation) 

between age and HE4, CA125 (Fujirebio and Roche) (p<0.01). HE4 and CA125 values 

increased significantly with age (Table 6.3).

Table 6.3 Median HE4 and CA125 levels in postmenopausal women 

categorised according to median age

Variable Less than 62 

Median Range

More than 62 

Median Range

HE4 49 (17-170000) 99 (22-2696)*

CA125 [Fujirebio] 25 (5-102000) 72 (7-8444)*

CA125 [Roche] 54 (4-7839) 112 (5-5919)*

*Significant at p<0.01
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6.4.2 W eight

The median weight o f the women enrolled in the study and diagnosed with malignant 

disease was 65 kg. The women who were diagnosed with benign and borderline had a 

m edian weight o f  70 kg. The median weight in the benign group was significantly 

higher than the median weight in the malignant group (p<0.05). However, there was no 

significant difference in weight between premenopausal and postmenopausal women.

The overall median weight in the premenopausal women was 70 kg. The median 

weight o f  women diagnosed with benign disease was 71 kg and borderline disease was 

71 kg; while for women who developed malignant disease the median weight was 65 

kg. In the postmenopausal group, the overall median weight was 69 kg and the median 

weight o f women diagnosed with malignant disease was 66 kg, 68 kg for borderline 

and 70 kg for the benign group as displayed in Figure 6.5-6.7 and Table 6.4.

100-

o>

50-

0-

Benign B orderline M alignant

° Outlier

Figure 6.5 M edian weights in prem enopausal and postmenopausal women

Benign versus malignant=p<0.05
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Table 6.4 Weights of premenopausal and postmenopausal women

Menopausal status Benign Borderline M alignant

Premenopausal 71 71 65

Postmenopausal 70 68 66

1

1

M a l i g n a n tB o r d e r l i n eB e n  ig  n

° Outlier

Figure 6.6 Median weight in premenopausal women

12S-

B e n i g n B o r d e r l i n e M a l i g  n a n t

° Outlier

Figure 6.7 Median weight in postmenopausal women
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The median Fujirebio CA125 levels were significantly higher in the under 70 group 

compared to the over 70 group. However, no significant correlation was found between 

weight and HE4, CA125 (Roche) values. The median HE4 and C al25  in relation to 

median weight are displayed in Table 6.5 & 6.6.

Table 6.5 Median HE4 and CA125 levels in premenopausal women 

categorised according to median weight

Variable Less than 70 Kg 

Median Range

M ore than 70 Kg 

M edian Range

HE4 36.7 (21.34-2732) 31.7 (20-191)

CA125 [Fujirebio] 49.7 (6.95-164000)* 16.5 (7.38-879)

CA125 [Roche] 77 (16-12618) 45 (4-677)

In postmenopausal women, there was a significant (p<0.05) association between weight 

and HE4 and CA125 values. HE4 and CA125 values were significantly lower in 

heavier women compared to the under 69 group as displayed in Table 6.6.

Table 6.6 Median HE4 and CA125 in postmenopausal women 

categorised according to median weight

Variable Less than 69 

Median Range

M ore than 69 

Median Range

HE4 73.5 (17-4446) 70 (22-3824)*

CA125 [Fujirebio] 40.6 (6-102000) 37 (5-8444)*

CA125 [Roche] 27.5 (4-7839) 22 (5-5919)*

*Significant at p<0.05
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6.4.3 Sm oking habit

Women were divided into 3 categories based on their smoking habit; these categories 

are smokers, non-smokers and ex-smokers. O f the 386 women enrolled in the study, 

101 women smoked, 230 did not smoke and 53 women were ex-smokers. No data was 

obtained for 2 women (Table 6.7).

Table 6.7 Smoking habit in premenopausal and 
Postmenopausal women

Smokers Non-smoker Ex-smoker No data

101 230 53 2

In premenopausal women there was a significant association between smoking habit 

and HE4 (p<0.05) and CA125 (Fujirebio and Roche) values (p<0.01). The median HE4 

and CA125 are displayed in Table 6.8.

Table 6.8 Median HE4, CA125 levels in premenopausal women 
categorised according to smoking habit

Variable Smoker 

Median Range

Non-smoker 

Median Range

Ex-smoker 

Median Range

HE4 41 (22-2732)* 31 (19-335) 29 (21- 

64)

CA125 (Fujirebio) 16 (7-164000) 29 (7-9555) 72 (9- 

256)*

CA125 (Roche) 25 (4-12618) 60 (11-6761) 140 (16- 

423)*

*HE4 Significant at p<0.05/* CA125 Significant at p<0.01

HE4 values were highest in smokers followed by non-smokers while the lowest values 

were seen in ex-smokers. CA125 values were highest in ex-smokers and lowest in

283



smokers. In postmenopausal women there was no association between smoking habit 

and HE4, CA125 values. The median HE4 and CA125 are displayed in Table 6.9.

Table 6.9 Median HE4 and CA125 levels in postmenopausal women 

categorised according to sm oking habit

Variable Smoker 

M edian Range

Non-smoker 

M edian Range

Ex-smoker 

M edian Range

HE4 79 (22-170000) 70 (17-4446) 86 (22-2345)

CA125 (FujeRebio) 20 (5-2269) 70 (5-6110) 42 (7-102000)

CA125 (Roche) 51 (5-1704) 91 (4-5919) 74 (5-7839)

6.4.4 Histology

Significant changes were seen in HE4, CA125 values and ROMA indices between 

benign versus borderline versus malignant in premenopausal and postmenopausal 

groups (Figures 6.8-6.13). HE4, CA125 values and ROM A indices were increased 

significantly (p<0.01) in m alignant compared to borderline and benign samples.
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Figure 6.8 HE4 values for Benign versus Borderline versus M alignant
premenopausal samples

[Malignant versus borderline p<0.01& M alignant versus Benign p<0.01]
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M alignant premenopausal samples
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Figure 6.11 HE4 values for Benign versus Borderline versus M alignant
postmenopausal samples

[Malignant versus borderline p< 0 .01 & M alignant versus benign p< 0 .01 ]
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postmenopausal samples
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In the 135 premenopausal women, 83 women had benign disease, 27 women had 

ovarian cancer and 25 women had borderline disease. Similarly, in the postm enopausal 

group, the majority (112) had benign disease; this is followed by women, who were 

diagnosed with m alignant disease (107) and 32 women had borderline disease (Figure 

6.14).
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Figure 6.14 Histology o f the Preoperative study

Tables 6.10 & 6.11 display the median HE4, CA125 (Fujirebio) and Roche CA125 (the 

routine biomarker used in this centre) in premenopausal and postm enopausal groups 

according to histology.

Table 6.10 M edian HE4 and CA125 levels in the premenopausal group 

according to histological groups

Histology HE4 
M edian Range

CA125 (Fujirebio) 
Median Range

CA125(Roche) 
M edian Range

Benign (n=83) 30 (19-142) 21 (7-2747) 45 (4-6761)

Borderline (n=25) 33 (22-191) 16 (7-204) 48 (11-3375)

M alignant (n=27) 83 (21-2732) 139 (8-16400) 282 (6-12618)
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Table 6.11 Median HE4 and CA125 levels in the postmenopausal group 

according to histology

Histology HE4 

Median Range

CA125 (Fujirebio) 

Median Range

CA125(Roche) 

Median Range

Benign (n=l 12) 41 (20-1054) 12 (6-956) 24 (5-576)

Borderline (n=32) 47 (19-688) 21 (5-6110) 60 (6-4437)

Malignant (n=107) 22 (17-170000) 277 (5-102000) 353 (4-7838)

Of the 83 premenopausal women diagnosed with benign ovarian disease, 44 women 

had benign cysts of mixed histology (endometriosis, corpus lutein, follicular cyst and 

simple cysts), 14 had mucinous cystadenomas, 13 had serous cystadenomas, 7 had 

mature teratomas and 5 had other benign disease (Table 6.12). There was no significant 

difference between the groups.

Table 6.12 Median HE4 and CA125 levels in benign histological subtypes

in premenopausal women

Histology Subtype Number Median HE4 Median CA125 

(Fujirebio)

Median CA125 

(Roche)

Benign cyst 44 29.6 36.2 69.5

Mucinous cystadenoma 14 35.3 16.7 35

Serous cystadenoma 13 31.8 13 30

Mature teratoma 7 31.4 16.2 27.5

Other benign disease 5 32 41 34
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The number o f  borderhne ovarian tumours in the premenopausal group was 25. O f the 

25, 16 were mucinous and 9 serous. No significant differences were found between 

groups. Table 6.8 displays median HE4 and CA25 in borderline subtypes in the 

premenopausal group.

Table 6.13 Median HE4 and CA125 levels in Borderline histological subtypes

in premenopausal women

Histology Number HE4 

Median Range

CA125(Fujirebio) 

Median Range

CA125(Roche) 

Median Range

M ucinous 16 35 (23-191) 21 (7.6-130.2) 47 (13-320)

Serous 9 26 (22-42.6) 14 (7.3-203.7) 48 (11-3375)

The majority o f  premenopausal women diagnosed with ovarian cancer were serous 

papillary adenocarcinomas. The number o f endometrioid, m ucinous and clear cell 

adenocarcinoma was equal in this group and 8 women developed ovarian cancer o f 

mixed histology (Figure 6.15).
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Figure 6.15 M alignant histological subtypes in premenopausal women
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The medians HE4 and CA125 values were calculated in relation to the histology 

subtypes o f  the malignant groups in premenopausal and postmenopausal groups. Table 

6.14 & Figures 6.16 & 6.17 display the HE4 and CA125 according to the histology 

subtype in the premenopausal group.

Table 6.14 Median HE4 and CA125 levels in malignant histological subtypes 

in the premenopausal group

Variables Serous (n= 11) 
Median Range

Clear (n=3) 
Median Range

Mucinous (n=3) 
M edian Range

Endometrioid 
(n=3) 

Median Range
HE4 102 (55-2732) 114 (78-274) 83 (36-101) 64 (55-134)

CA125
(Fujirebio)

879 (12-16400) 717 (17-4569) 10 (10-111) 139 (8-245)

CA125
(Roche)

380 (17-12618) 282 (109-600) 25 (17-81) 79 (6-423)

In the premenopausal group the median HE4 was highest in clear cell followed by 

serous and was lowest in endometrioid. CA125 (Fujirebio and Roche) was also highest 

in the serous subtype followed by clear cell. The lowest values were seen in mucinous. 

No significant differences were found between groups.
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Figure 6.16 HE4 and histology breakdown in the premenopausal group
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Figure 6.17 CA125 and histology breakdown in premenopausal group

C A 1 2 5 =  Fujirebio U=unit  
C A 1 2 5 R =  Roche

292



O f the 112 women who had benign ovarian lesions in the postmenopausal group, 41 

women had benign serous cystadenomas, 24 benign cysts o f mixed histology, 22 had 

mucinous cystadenomas, 13 had thecomas and 12 had other benign lesions (Table 

6.15).

Table 6.15 Median HE4 and CAI25 levels in benign histological subtypes 

in the postmenopausal group

Histology Subtype Number Median HE4 Median CA125 
(Fujirebio)

Median CA125 
(Roche)

Serous cystadenoma 41 36.2 9.5 23

Benign cyst 24 39.5 10.3 16.5

Mucinous
cystadenoma

22 49 11 25.5

Thecoma 13 43 32 76

Other benign disease 12 66 13 24.5

The number o f borderline ovarian tumours in the postmenopausal group was 32. O f the 

32, 21 were mucinous 8 serous and 3 Endometrioid borderline tumours. Table 6.16 

displays median HE4 and CA125 in relation to the histological subtypes. No significant 

difference was seen between the groups. Howeve, subanalysis showed that 

endometrioid tumour was significantly higher than mucinous tumour (p<0.05). No 

significant differences were seen between endometriod and serous tumour.

Table 6.16 Median HE4 and CA125 levels in Borderline histological subtypes 

in the postmenopausal group

Histology Number HE4
Median Range

CA125 (Fujirebio) 
Median Range

C al25  (Roche) 
Median Range

Mucinous 21 43 (19-119) 20 (7-236) 36 (12-1702)

Serous 8 41 (23-254) 10 (5.2-747) 44.5 (6-2094)

Endometrioid 3 233* (49.6-688) 335* (106-6110.2) 1050* (551-4437)

* Significant at p<0.05
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The majority o f postmenopausal women diagnosed with ovarian cancer were serous 

papillary adenocarcinoma. 13 women had endometrioid adenocarcinoma, 12 had clear 

cell carcinoma, 10 had peritoneal adenocarcinoma, 7 had mucinous adenocarcinoma, 6 

had carcinosarcoma and 7 women had ovarian cancer o f mixed histology (Figure 6.18). 

This study has evaluated for the first time the use o f biomarkers in primary peritoneal 

ovarian cancer. Median HE4 and CA125 (Fujirebio and Roche) o f the borderline 

endometrioid was significantly (p<0.05) higher than other subtypes.
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Figure 6.18 Malignant histological subtypes in postmenopausal women

In the postmenopausal group the median HE4 was highest in peritoneal cancer followed 

by serous and was lowest in mucinous. Similarly, CA125 (Roche) was also highest in 

peritoneal cancer followed by serous and lowest in clear cell. CA125 (Fuji Rebio) was 

highest in serous followed by peritoneal cancer. The lowest values were seen in clear 

cell. No significant difference was seen between the groups (Table 6.17).
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Table 6.17 Median HE4 and CA125 in Malignant to histological subtypes 

in the postmenopausal group

Variables Serous (45) 
Median Range

C lea r(11) 
Median Range

Mucinous(6) 
Median Range

Endometrioid 
Median Range 
(11)

Peritoneal (11) 
Median Range

HE4 407 (64-4446) 113 (83-3045) 95(17-2619) 195 (68-1867) 857 (55-170000)

CA125
(Fujirebio)

786 (12-102000) 101 (10-1002) 152 (8-1156) 314 (11-2385) 436 (8-4382)

C M  25 
(Roche)

600 (7838) 164 (33-1329) 267 (15-1628) 324 (4-1704) 868 (8-4100)
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Figure 6.19 HE4 and histology breakdown in postmenopausal cancers
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Figure 6.20 CA125 and histology breakdown in postmenopausal cancers

6.4.5 Debulking status

The relationship between HE4 and CA125 and debulking status was studied in 

premenopausal and postmenopausal women to determine whether HE4 or CA125 can 

predict debulkability. The median HE4 in the suboptimal group was 137 compared to 

88 in the optimally debulked group. The median CA125 in the suboptimal group was 

169 compared to 139 in the optimally debulked group.There was no significant 

association between HE4 and CA125 values and debulking status in the premenopausal 

group (Figures 6.21&6.22).
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Figure 6.21 HE4 in relation to debulking status in premenopausal women
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Figure 6.22 CA125 in relation to debulking status in premenopausal women
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In the postmenopausal group there was a significant association (p<0.05) between 

debulking status and preoperative HE4 values. HE4 values were higher in suboptimal 

debulked group compared to the optimal debulked group (Figure 6.23). There was no 

significant association between CA125 values and debulking status (Figure 6.24).
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Figure 6.23 HE4 in relation to debulking status in postmenopausal women
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Figure 6.24 CA125 in relation to debulking status in postmenopausal women
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6.4.6 Tumour Stage

Tumours were split into early (stage 1) and late stage (stage 2 and 3). The relationship 

between tumour stage and HE4 and CA125 was examined in premenopausal and 

postmenopausal groups in this study. There was a significant association (p<0.05) 

between CA125 concentration (both Roche and Fujirebio CA125) and stage o f  tumour 

(Figure 6.25). CA125 values increased significantly in late stage disease compared to 

early stage ovarian cancer. There was no significant association seen between HE4 

values and tumour stage (Figure 6.26).
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Figure 6.25 CA125 in relation to tumour stage in premenopausal women
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Figure 6.26 HE4 in relation to tumour stage in premenopausal women

In the postmenopausal group there was a significant association (p<0.01) between HE4, 

CA125 values and tumour stage. HE4 and CA125 values were higher in late stage 

compared to early stage (Figure 6.27 &28).
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Figure 6.27 HE4 and Tumour stage in postmenopausal women
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Figure 6.28 CA125 and Tumour stage in postmenopausal women

6.4.7 Tumour Grade

Tumours were split based on the grade o f the disease into three groups, grade 1 and 

grade 2 and grade 3 in premenopausal and postmenopausal women. In the 

premenopausal group there was a significant association between HE4 & CA125 

(Roche) and grade. CA125 and HE4 values were higher in grade 3 compared to grade 

1. No significant association was seen between CA125 (Fujirebio) and grade (Figure 

6.29 &30).
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In the postmenopausal group, there was a significant association between HE4 and 

CA125 and grade. Median HE4 and CA125 were higher in grade 3 compared to grade 2 

and 1 (Figure 6.31 & 32).

U J

pcO.Ol

□
G rade 1 Grade 2 G rade 3

Figure 6.31 HE4 in relation to tumour grade in postmenopausal women

Grade 3 versus grade 2, l=p<0.01
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Figure 6.32 CA125 in relation to tumour grade in postmenopausal women

Grade 3 versus grade 2, l=p<0.01

6.4.8 Accuracy o f HE4 and CA125 in diagnosing recurrent epithelial ovarian 

cancers

A small cohort o f  postmenopausal recurrent patients (n=24) who were either 

undergoing second look laparotomy or prior to commencement o f second line 

chemotherapy had serum levels examined for HE4 and CA125. Interestingly 14 (58%) 

o f these patients had an abnormal CA125. HE4 levels were abnormal in 37.5% o f these 

patients. However, if  the new postmenopausal cut o ff for HE4 was used the number of 

abnormal results increased to 79%, making the new HE4 cut o ff more accurate in 

detecting recurrence.
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6.5 Sensitivity and specificity

As mentioned previously in collaboration with Professor Max Petzold, a new ROMA 

and HE4 cut off for a symptomatic population was developed in this study and 

compared to the standard cut o ff which was generated for a screening population. In 

addition, CA125 (Fujirebio) used in this study was compared with the standard Roche 

CA125, which is used in the current clinical practice. The analysis was done including 

borderline cases and excluding borderline cases. Many studies have excluded 

borderline cases when calculating the sensitivity and specificity o f HE4 and CA125 but 

we included them in this study as they have to undergo full staging surgery. Sensitivity 

and specificity o f different tests generated by Professor Max Petzold are displayed in 

appendix D. Table 6.18 summarise standard cut offs which were generated for a 

screening population and new cut offs developed for symptomatic women.

Table 6.18 Standard and new cut offs of different tests used in 

premenopausal and postmenopausal women

Test Standard cut off New cut off

Premenopausal Fujirebio ROMA 12.5% 4%

Postmenopausal Fujirebio ROMA 14.4% 27.4%

Premenopausal Fujirebio/Roche ROMA 12.5% 6%

Postmenopausal Fujirebio/Roche ROMA 14.4% 30.3%

Premenopausal HE4 70 39

Postmenopausal HE4 140 48
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6.5.1 Premenopausal Fujirebio ROMA

The sensitivity o f Fujirebio ROMA using the standard cut o ff (12.5%) increased from 

48% to 87.5% when borderline cases were excluded.

• Malignant versus Benign (including borderline)

Sensitivity is 48% & specificity is 92.8%

• Malignant versus Benign (excluding borderline)

Sensitivity is 87.5% & specificity is 92.8%

Development of tailored cut-off for ROMA for a premenopausal symptomatic 

population

Using the new ROMA cut off (4%) at a specificity o f 75%, the sensitivity increased 

from 48% to 62% when borderline cases were included and to 95.8% when borderline 

cases where excluded so sensitivity was gained but specificity was sacrificed.

• Malignant versus Benign (including borderline)

Sensitivity is 62% & specificity is 75.9%

• Malignant versus Benign (excluding borderline)

Sensitivity is 95.8% & specificity is 75.9%

6.5.2 Premenopausal Fujirebio/Roche ROMA

The sensitivity o f Fujirebio/Roche ROMA using standard cut o ff (12.5%) increased 

from 50% to 91.3% when borderlines were excluded.

• Malignant versus Benign (including borderline)

Sensitivity is 50% & specificity is 91.5%

• Malignant versus Benign (excluding borderline)

Sensitivity is 91.3% & specificity is 91.5%

Development of a tailored cut-off for ROMA for a premenopausal symptomatic 

population

The sensitivity o f Fujirebio/Roche ROMA using a new cut o ff o f 6% was similar to that 

o f Fujirebio ROMA using the new cut o ff and including borderline cases. It increased 

to 95.7% when borderline cases were excluded.

• Malignant versus Benign (including borderline)

Sensitivity is 62.5% & specificity is 76.1%

• Malignant versus Benign (including borderline)

Sensitivity is 95.7% & specificity is 76.1%
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6.5.3 Premenopausal using Fujirebio HE4 only

The sensitivity is increased from 42% to 75 % when we excluded borderline cases and 

70 was used as a cut off.

• Malignant versus Benign (including borderline)

Sensitivity is 42% & specificity is 96.3%

• Malignant versus Benign (excluding borderline)

Sensitivity is 75% & specificity is 96.3%

When a new cut o ff (39) was used the sensitivity increased to 60% (including 

borderline cases) and to 95.8% (excluding borderline cases) at a specificity set at 75.9%

• Malignant versus Benign (including borderline)

Sensitivity is 60% & specificity is 75.9%

• Malignant versus Benign (excluding borderline)

Sensitivity is 95.8% & specificity is 75.9%

The sensitivity and specificity o f CA125 (Fujirebio and Roche) were also evaluated in 

premenopausal and postmenopausal women in this study. In the premenopausal group 

Roche CA125 has a sensitivity (72.9%) including borderline compared to Fujirebio 

CA125 (56%) with little difference in specificity. Table 6.19 shows sensitivity and 

specificity o f CA125, HE4, and ROMA using standard and new cut offs. In the 

premenopausal group when borderline cases were included Roche CA125 (using 

standard cut off) had the highest sensitivity (72.9%) at a low specificity o f 33.8% as 

shown in Table 6.19 (highlighted in red). When Fujirebio/Roche ROMA index was 

used specificity increased to 91.5% but sensitivity decreased to 50%. Fujirebio ROMA, 

Fujirebio/Roche ROMA and HE4 had the highest sensitivity (95.8%, 95.7% and 95.8% 

respectively) at a specificity set at 75.9% when new cut off were used and borderline 

cases were excluded. HE4 only has the highest specificity (96.3%) when the standard 

kit cut o ff (70) was used with sensitivity o f  42%  (including borderlines) and 75% 

(excluding borderlines) as displayed in Table 6.19.

The sensitivity and specificity for early stage cancers were also evaluated using the 

standard and new cut offs in the premenopausal and postmenopausal groups. In 

premenopausal women HE4, Fujirebio ROMA using the new cut o ff and
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Fujirebio/Roche ROMA (using the standard and new cut offs) had the highest 

sensitivity (100%), however with specificity (75.9%, 66.2%, 83% and 71.8 % 

respectively) as highlighted in green in Table 6.20. Standard Fujirebio ROMA shows 

lower sensitivity (90%) but with higher specificity (92.7%) as displayed in Table 6.20
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Table 6.19 Sensitivity & specificity in premenopausal HE4, CA125 and ROMA

Test Sensitivity Specificity PPV NPV ROC

Fujirebio ROMA (including borderline) 
Standard kit cut o ff 12.5%

48% 92.8% 80% 74.8% 0.709

Fujirebio ROMA (including borderline) 
new cut o ff o f 4%

62% 75.9% 60.8% 76.8% 0.69

Fujirebio ROMA (excluding borderline) 
standard kit cut off 12.5%

87.5% 92.8% 77.8% 96.3% 0.901

Fujirebio ROMA (excluding borderline) 
new cut o ff 4%

95.8% 75.9% 53.5% 98.4% 0.859

Fujirebio/roche ROMA (including 
borderline) standard kit cut off 12.5%

50% 91.5% 80% 73%

Fujirebio/roche ROMA (excluding 
borderline) standard kit cut off 12.5%

91.3% 91.5% 77.7% 97%

Fujirebio/roche ROMA (including 
borderline) new cut o ff 6%

62.5% 76.1% 63.8% 75% 0.693

Fujirebio/roche ROMA (excluding 
borderline) new cut o ff 6%

95.7% 76.1% 56.4% 98.2% 0.859

HE4 (including borderline) 
Standard kit cut o ff 70

42% 96.3% 87.5% 73.3%

HE4 (including borderline)/new cut off 
39

60% 75.9% 60% 75.9% 0.68

HE4 (excluding borderline) 
Standard kit cut off 70

75% 96.3% 85.7% 93%

HE4 (excluding borderline) 
New cut o ff 39

95.8% 75.9% 53.5% 98.4% 0.859

Roche CA125 (including borderline) 
Standard kit cut o ff 35

72.9% 33.8% 42.7% 64.8%

Roche CA125 (excluding borderline) 
Standard kit cut o ff 35

88.6% 33.8% 39.7% 85.7%

Fujirebio CA125 (including borderline) 
Standard kit cut o ff 35

56% 36.1% 34.5% 57.6%

Fujirebio CA125 (excluding borderline) 
Standard cut o ff 35

79.1% 36.1% 26.3% 85.7%

Highlighted in red= the most sensitive test using the stanc ard cut o ff
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Table 6.20 Sensitivity & specificity o f premenopausal HE4, CA125 and ROMA

in early stage cancers o f the premenopausal group

Test Sensitivity Specificity PPV NPV

Fujirebio CA125 50% 63.8% 14.2% 91.3%

Roche CA125 70% 34.7% 13.4% 88.8%

HE4(standard kit cut off) 80% 96.3.1% 72.2% 97.5%

HE4/ new cut off 100% 75.9% 33.3% 100%

Fujirebio ROMA(standard cut off) 90% 92.7% 60% 98.7%

Fujirebio ROMA/ new cut off 100% 66.2% 26.3% 100%

Fujirebio/Roche ROMA 100% 83% 45.4% 54.5%

Fujirebio/Roche ROMA (new cut off) 100% 71.8% 33.3% 100%

Highlighted in green= the most sensitive test in early cancers in premenopausal women

6.5.4 Postmenopausal Fujirebio ROMA

Similarly in the postmenopausal group an increase was seen in sensitivity using the 

standard cut o ff (14.4%) when borderline cases were excluded.

• Malignant versus Benign (including borderline)

Sensitivity is 84.7% & specificity is 66.1%

• Malignant versus Benign (excluding borderline)

Sensitivity is 93.4% & specificity is 66.1%

Development o f a tailored cut-off for ROMA for a postmenopausal symptomatic 

population

When the new ROMA cut o ff (27.4%) was tailored at a specificity o f 75% and 

borderline cases were included the sensitivity decreased to 81% and 92.5% when 

borderline cases were excluded as shown below.

• Malignant versus Benign (including borderline)

Sensitivity is 81% & specificity is 75%

• Malignant versus Benign (excluding borderline)

Sensitivity is 92.5% & specificity is 75%
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6.5.5 Postmenopausal Fujirebio/Roche ROMA

The sensitivity o f Fujirebio/Roche ROMA using standard cut o ff (14.4%) increased 

from 86.8% to 96.9% when borderlines were excluded.

• Malignant versus Benign (including borderline)

Sensitivity is 86.8%> & specificity is 51.5%

• M alignant versus Benign (excluding borderline)

Sensitivity is 96.9% & specificity is 51.5 %

Development of a tailored cut-off for ROMA for a postmenopausal symptomatic 

population

The sensitivity increased from 78.8% to 89.8% at a cut o ff o f 30.3% when borderline 

cases were excluded.

• Malignant versus Benign (including borderline)

Sensitivity is 78.8% & specificity is 75.5%

• Malignant versus Benign (excluding borderline)

Sensitivity is 89.8%> & specificity is 75.5%

6.5.6 Postmenopausal using Fujirebio HE4 only

The sensitivity is increased from 51.8 % to 64.1 % when we excluded borderline cases 

using a cut o ff o f  140

• Malignant versus Benign (including borderline)

Sensitivity is 51.8% & specificity is 95.5 %

• Malignant versus Benign (excluding borderline)

Sensitivity is 64.1 % & specificity is 96.5 %

Using HE4 alone at a cut off o f 48 has the highest sensitivity compared to Fuji ROMA 

and Fuji/Roche ROMA when borderline cases were excluded.

• Malignant versus Benign (including borderline)

Sensitivity is 73.8% & specificity is 75.4%

• Malignant versus Benign (excluding borderline)

Sensitivity is 96.2% & specificity is 75.4%
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In the postmenopausal group Roche CA125 had a higher sensitivity and specificity 

(82.8%; 60.2%) compared to Fujirebio CA125 (76.6%, 22.3%>) when borderlines are 

included as displayed in Table 6.21. In the postmenopausal group when borderline 

cases were included Fujirebio/Roche ROMA (using standard off) had the highest 

sensitivity (86.8%) at a specificity o f  51.5% as shown in Table 6.21 (highlighted in 

red). When the new cut off was used the specificity increased to 75.5%, however, 

sensitivity decreased to 78.8%. HE4, Fujirebio ROMA and Fujirebio/Roche ROMA 

had the highest sensitivity (96.2%, 92.5% and 89.8%> respectively) at a specificity set at 

75.5% when the new cut o ff was used and borderline cases were excluded. HE4 alone 

has the highest specificity (95.5%) and sensitivity o f 51.8% (including borderlines) and 

64.1 % (excluding borderlines) when the standard kit cut o ff (140) was used as 

displayed in Table 6.21.

In the postmenopausal early stage cancers group Fujirebio/Roche ROMA (using 

standard cut ofO had the highest sensitivity (100%) with a specificity o f 55%. Fujirebio 

ROMA (using standard and new cut offs) and HE4 (using the new cut off) had a 

sensitivity o f 86.6% with similar specificity o f 66%>, 74.1% and 61.6%> respectively 

(Table 6.22).
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Table 6.21 Sensitivity & specificity in postmenopausal HE4, CA125 and ROMA

Test Sensitivity Specificity PPV NPV ROC
Fujirebio ROMA (including borderline) 
Standard kit cut o ff 14.4%

84.7% 66.1% 75.3% 77.9% 0.754

Fujirebio ROMA (including borderline) 
new cut o ff 27.4%

81% 75% 79.9% 76.4% 0.78

Fujirebio ROMA (excluding borderline) 
Standard kit cut off 14.4%

93.4% 66.1% 72.3% 91.4% 0.797

Fujirebio ROMA (excluding borderline) 
new cut o ff 27.4%

92.5% 75% 77.8% 91.3% 0.837

Fujirebio/roche ROMA (including 
borderline) standard cut o ff 14.4%

86.8% 51.5% 71.2% 73.9%

Fujirebio/roche ROMA (excluding 
borderline)
standard cut o ff 14.4%

96.9% 51.5% 66.4% 94.4%

Fujirebio/roche ROMA (including 
borderline) new cut o ff 30.3%

78.8% 75.5% 80.8% 73.3% 0.772

Fujirebio/roche ROMA (excluding 
borderline) new cut o ff 30.3%

89.8% 75.5% 78.6% 88.1% 0.827

HE4 (including borderline) 
Standard kit cut o ff 140

51.8% 95.5% 93.4% 61.8%

HE4 (including borderline)/new cut off 
48

73.8% 75.4% 74.2% 75% 0.746

HE4 (excluding borderline) 
Standard kit cut off 140

64.1% 95.5% 93.1% 73.7%

HE4 (excluding borderline) 
New cut o ff 48

96.2% 75.4% 72,3% 96.7% 0.858

Roche CA125 (including borderline) 
Standard kit cut off 35

82.8% 60.2% 73.1% 72.8%

Roche CA125 (excluding borderline) 
Standard kit cut off 35

89.8% 60.2% 69.3% 85.5%

Fuji CA125 (including borderline) 
Standard kit cut o ff 35

76.6% 22.3% 54.6% 43.8%

Fuji CA125 (excluding borderline) 
Standard kit cut off 35

85.8% 22.3% 51.1% 62.5%

Highlighted in red= the most sensitive test using standarc cut off
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Table 6.22 Sensitivity & specificity in postmenopausal HE4, CA125 and ROMA

in early stage group

Test Sensitivity Specificity PPV NPV

Fujirebio CA125 73.3% 77.6% 30.5% 95.6

Roche CA125 78.5% 60.2% 22.7% 95.1%

HE4 (standard cut off) 40% 95.5% 54.5% 92.2%

HE4/ new cut off 86.6% 61.6% 23.2% 97.1%

Fujirebio ROMA(standard cut off) 86.6% 66% 25.4% 97.3%

Fujirebio ROMA/ new cut off 86.6% 74.1% 30.9% 97.6%

Fujirebio/Roche ROMA 100% 55.1% 24.1% 100%

Fujirebio/Roche ROMA (new cut off) 78.5% 78.5% 34.3% 96.2%

Highlighted in green= the most sensitive test in early cancers in postmenopausal 

women

6.6 Correlation of Fujirebio CA125 and Roche CA125

There was a good correlation between Fujirebio CA125 and Roche CA125 in 

premenopausal and postmenopausal groups. Figures display correlation between 

Fujirebio and Roche CA125 are displayed in appendix D.
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6.7 Survival

Overall survival (OS) and progression free survival (PFS) for the women who had 

surgery for invasive ovarian disease (27 premenopausal women and 106 

postmenopausal women) were analysed in relation to HE4, CA125 (Roche and 

Fujirebio) and ROMA using ELISA HE4 and ELISA CA125 and using Elisa HE4 and 

Roche CA125 in premenopausal and postmenopausal groups. Details o f the patients 

included in the analysis are shown in appendix D.

6.7.1 CA125 and survival

Women were categorised into two groups according to their CA125 (Roche and 

Fujirebio) values. A cut off o f 35 was used; which is the cut off used in the current 

clinical practice. This cut off was used for premenopausal and postmenopausal groups. 

Any values above 35 were considered abnormal and below were considered normal. 

Both the Roche and Fujirebio CA125 results were examined. In the premenopausal 

group approximately the same percentage o f  events had occurred in each group for 

progression free survival and while a trend was observed towards a reduced survival in 

the abnormal CA125 group this was not significant. Similarly OS showed no 

significant changes (Figures 6.33-36).
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Figure 6.33 CA125 (Fujirebio) and PFS in the premenopausal group
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Figure 6.34 CA125 (Fujirebio) and OS in the premenopausal group
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Figure 6.35 CA125 (Roche) and PFS in the premenopausal group
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Figure 6.36 CA125 (Roche) and OS in the premenopausal group

In the postmenopausal group there was a significant association (p<0.01) between 

CA125 (Fujirebio) and PFS and OS (Figures 6.37 & 6.38). Median PFS was not 

reached for the under 35 group but the 75th percentile was 22 months compared to 7 

months in the over 35 group. No events had occcured with regard to OS in the under 35 

group. For CA125 (Roche) median PFS in the under 35 group was 48 months and 16 in 

the over 35 group (Figure 6.39). No significant difference was observed between the 

two groups. Overall survival is shown in Figure 6.40 but the difference between the two 

groups was not significant.
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Figure 6.37 CA125 (Fujirebio) and PFS in the postmenopausal group
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Figure 6.38 CA125 (Fujirebio) and OS in the postmenopausal group
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Figure 6.39 CA125 (Roche) and PFS in the postmenopausal group
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Figure 6.40 CA125 (Roche) and OS in the postmenopausal group
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6.7.2 HE4 and survival

Survival analysis for HE4 was carried out under two separate analyses. Firstly the 

standard cut o ff for an abnormal HE4 value was used which is the value for a general 

screening population. For premenopausal women this is 70pM and for postmenopausal 

women it is 140pM. In addition to this the new cut o ff developed in this study for an “at 

risk” population was used. For premenopausal this was 39 pM and 48 pM for 

postmenopausal. The old and new cut offs for HE4 in the premenopausal and 

postmenopausal groups are displayed in Tables 6.23. When 70 was used as a cut off in 

the premenopausal group the median PFS was not calculable for the under 70 but the 

75th percentile was 42 months compared to 8 months in the over 70 group, however, 

this difference was not significant (Figure 6.41). No significant association between 

HE4 values and OS was seen in premenopausal group using 70 as a cut o ff (Figure 

6.42). Similarly no significant association was seen between HE4 and OS & PFS when 

the new cut o ff (39) was used (Figures 6.43 & 44).

Table 6.23 Old and new cut offs for HE4 in the premenopausal 

and postmenopausal group

Test Standard cut o ff New cut off

HE4 (premenopausal) 70pM 39pM

HE4 (postmenopausal) 140pM 48pM
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Figure 6.41 HE4 and PFS in the prem enopausal group 

using 70 pM as a cut off
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Figure 6.42 HE4 and OS in the prem enopausal group 

using 70 pM as a cut off
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Figure 6.43 HE4 and PFS in the premenopausal group 

using 39 pM as a new cut off

Overall survival in relation to HE4

1 .0 -

less t h a n  3 9  
m o r e  t h a n  3 9  
less t h a n  3 9 -  
c e n s o r e d  
m o r e  t h a n  
3 9 - c e n s o r e d

— j—  

2 0
—

40
— I—  

60
— j —  

80

Months

Figure 6.44 HE4 and OS in the premenopausal group 

using 39 pM  as a cut off

322



In the postmenopausal group using 140 as a cut off the median PFS was 22 months in 

the under 140 group compared to 16 months in the over 140 group and the difference 

was not significant (Figure 6.45). The median OS was 69 months in the under 140 

group and 27 months in the over 140 group and the difference was significant (p<0.01) 

as displayed in Figure 6.46. When the new cut off (48 pM) was used no significant 

association was seen between HE4 values and OS & PFS (Figures 6.47 & 6.48).
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Figure 6.45 HE4 and PFS in the postmenopausal group 

using 140 pM as a cut off
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Figure 6.46 HE4 and OS in the postmenopausal group 

using 140 pM as a cut off
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Figure 6.47 HE4 and PFS in the postmenopausal group 

using 48 pM as a cut off
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Figure 6.48 HE4 and OS in the postmenopausal group 

using 48 pM as a cut off

6.7.3 ROMA and survival

Women were categorised into two groups according to their ROMA values using 

Fujirebio HE4 and Fujirebio CA125 using a cut off o f 12.5% (the recommended kit cut 

off) in premenopausal women. In the postmenopausal group 14.4% (the kit cut off) was 

used to categorise the women into 2 groups under 14.4% and over 14.4%. The old and 

new cut offs for ROMA in the premenopausal and postmenopausal groups are 

displayed in Tables 6.24. In the premenopausal group the median PFS was 42 months 

in the under 12.5% group and 21 months in the second group but the difference was not 

significant (Figure 6.49). Similarly no significant correlation was seen between OS and 

ROMA (Figure 6.50). Using the new cut o ff o f (4%) there was no significant difference 

in PFS and OS in relation to ROMA (Figure 6.51 & 6.52). ROMA values were also 

calculated using Elisa HE4 and Roche CA125 in premenopausal and postmenopausal 

women. Using 6% as a cut off in the premenopausal group the median PFS in under 6% 

was 42 months and 21 months in over 6% group but the difference was not significant 

(Figure 6.53). No significant changes were seen in OS (Figure 6.54).
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Table 6.24 Old and new cut offs for ROMA in the premenopausal 

and postmenopausal group

Test Standard cut off New cut o ff

Premenopausal Fujirebio ROMA 12.5% 4%

Premenopausal Fujirebio/Roche 

ROMA

6%

Postmenopausal Fujirebio ROMA 14.4% 27.4%

Postmenopausal Fujirebio/Roche 

ROMA

30.3%

Progression free survival in relation to ROMA
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Figure 6.49 Fujirebio ROMA and PFS in the premenopausal group 

using 12.5% as a cut off
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Figure 6.50 Fujirebio ROMA and OS in premenopausal group 

using 12.5% as a cut off
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Figure 6.51 Fujirebio ROMA and PFS in the premenopausal group 

using 4%  as a cut off
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Figure 6.52 Fujirebio ROMA and OS in the premenopausal group 

using 4% as a cut off
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Figure 6.53 Fujirebio/Roche ROMA and PFS in the premenopausal group

using 6% as a cut off
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Figure 6.54 Fujirebio/Roche ROMA and OS in the premenopausal group

using 6% as a cut off

When ROMA values using Fujirebio HE4 and Fujirebio CA125 and a cut off o f 14.4% 

were analysed in relation to survival in the postmenopausal group the median PFS was 

38 months in the under 14.4% group and 16 months in the second group and the 

difference was not significant (Figure 6.55). Median OS in the under 14.4% was not 

calculable but the 75th percentile in over 14.4% was 13 months and this was significant 

(p<0.05) (Figure 6.56).
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Figure 6.55 Fujirebio ROMA and PFS in the postmenopausal group
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using 14.4% as a cut off
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Figure 6.56 Fujirebio ROMA and OS in the postmenopausal group

using 14.4% as a cut off

When a new cut o ff (27.4%) the median PFS in the under 27.4% was 48 compared to 

18 months in the second group and the difference was not significant (Figure 6.57). OS 

did not show any significant association with the tailored cut o ff (Figure 6.58). Using 

Elisa HE4 and Roche CA125 and 30.3% as a cut o ff in the postmenopausal group the 

median PFS in under 30.3% was not calculable, however, the 75th was 48 compared to 

7 in the over 30.3% group and the difference was significant (Figure 6.59). No 

significant changes were seen in OS (Figure 6.60) Table 6.25& 6.26 display the 

significant level o f CA125, HE4 and ROMA in relation to PFS and OS in 

premenopausal and postmenopausal women.
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Figure 6.57 Fujirebio ROMA and PFS in the postmenopausal group 

using 27.4% as a cut off
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Figure 6.58 Fujirebio ROMA and OS in the postmenopausal group 

using 27.4% as a cut off
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Figure 6.59 Fujirebio ROMA and PFS in the postmenopausal group 

using 30.3% as a cut off
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Figure 6.60 Fujirebio ROMA and OS in the postmenopausal group

using 30.3% as a cut off
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Table 6.25 Survival in relation to CA125, HE4 and ROM A in 

premenopausal women

CA125
(Fujirebio)

(35U)

CA125(35U)
(Roche)

HE4
(70pM)

HE4
(39pM)

Fujirebio
ROMA
(12.5%)

Fujirebio
ROMA
(4%)

Fujirebio/Roche
ROMA
(6%)

p
value

PFS:0.2 PFS:0.6 PFS:0.5 PFS;0.9 PFS:0.6 PFS;0.9 PFS:0.9

OS; 0.6 OS: 0.1 OS; 0.9 OS: 0.5 OS: 0.3 OS: 0.5 OS: 0.5

Table 6.26 Survival in relation to CA125, HE4 and ROMA in 

postmenopausal women

CA125
(Fujirebio)

(35U)

CA125(35U)
(Roche)

HE4
(140pM)

HE4
(48pM)

Fujirebio
ROMA
(14.4%)

Fujirebio
ROMA
(27.4)

Fujirebio/
Roche

ROMA
(30.3%)

P
value

PFS:<0.01 PFS:0.1 PFS:0.2 PFS;0.6 PFS:0.09 PFS:0.2 PFS:<0.05

OS:<0.01 OS:0.1 OS:<0.01 OS: 0.3 OS:<0.05 OS: 0.1 OS: 0.09

Bold figures indicate significant values
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6.8 Multivariate Analysis

Variables that were significant in univariate analysis in the postmenopausal group were 

examined in a Cox regression model. Using corrected progression free survival as 

endpoint, CA125, Fujirebio/Roche ROMA became insignificant in multivariate 

analysis. For overall survival, CA125 (Fujirebio) remained significant in multivariate 

analysis, P value and confidence intervals are shown in Tables 6.27&6.2S.

Table 6.27 Cox regression analysis for progression free survival 

in the postmenopausal group

Variable P-value 95% Cl

CA125 0.243 0.075-0.785

Fujirebio/Roche ROMA 0.248 0.059-1.048

Table 6.28 Cox regression analysis for overall survival 

in the postmenopausal group

Variable P-value 95% Cl

CA125 0.000 0.000-1.083E+196

HE4 0.637 1.291

ROMA 1.111 0.635E+264

Bold Figures indicate significant values
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6.9 Postoperative study results

To assess if  postoperative HE4 values had any prognostic potential 30 patients were 

recruited in this study. Samples were taken 4-10 days after surgery. This study was 

divided into 3 subgroups: chemo naive (15 patients), neo-adjuvant chemotherapy (13 

patients) and recurrent patients (2 patients). HE4, CA125 values and ROMA indices for 

post-operative group are shown in appendix D.

The histology breakdown o f  the patients, who were recruited in the postoperative study 

are displayed in Figure 6.61

Histology

<y

Figure 6.61 Histological breakdowns in post-operative group.

HE4 values dropped significantly in the post-operative samples compared to pre

operative samples as shown in Figure 6.62, but there was no significant change in 

CA125 (Fujirebio) in the post-operative group compared to pre-operative group (Figure 

6.63).
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Figure 6.63 CA125 values in post-operative versus pre-operative groups
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When the postoperative group was broken down into the various categories; chemo 

naive, neoadjuvant chemotherapy and recurrent patients, the postoperative values of 

HE4 in the chemo-naive group showed a significant (p<0.01) drop in a majority of 

patients compared to preoperative (Figure 6.64), however, abnormally high levels were 

still observed in a number of patients (TCDOG 389, 414 and 401) and these patients 

progressed rapidly (TCDOG 389 was suboptimally debulked and had progressive 

disease and TCDOG 401 after 4 months). No records were found for TCDOG 414.
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^  1000
o.
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0
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373 375 376 389 408 414 444 450 463 473 347 371 456 440 401

TCDOG number

Figure 6.64 HE4 post-operative versus pre-operative values 

in the chemo-naive group
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Figure 6.65 CA125 post-operative versus pre-operative values in 

the chemo-naive group

Figure 6.65 shows that there has been a general downward trend in CA125 values 

postoperatively, however, no significant changes were seen in CA125 values. While 

CA125 dropped quickly in some patients they remained abnormally high in a number 

o f patients (TCDOG 373, 408, 414, 444, 463, 473 and 456). TCDOG 373 recurred after 

20 months, TCDOG 408 recurred after 7 months, TCDOG 463 recurred after 6 months 

and TCDOG 456 after 21 months respectively. TCDOG 444 did not develop recurrence 

at the time of follow up and no data was recorded for TCDOG 473 and 414.

In the neo-adjuvant chemo group the postoperative HE4 and CA125 values dropped 

compared to preoperative values, however, no significant changes were seen (Figure 

6.66 & 6.67). The neoadjuvant group had lower starting values o f HE4 and CA125 and 

this was probably due to the fact that they had already received chemotherapy. 4 

patients (TCDOG 367, 410, 432 and 490) had high HE4 values postoperatively (Figure 

6.66). TCDOG 432 recurred after 4 months and TCDOG 490 recurred after 7 months. 

No data was recorded for TCDOG 367 and 410).
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Figure 6.66 HE4 post-operative versus pre-operative values 

in the neoadjuvant group

Figure 6.67 shows that CA125 dropped rapidly in some patients while remaining 

elevated in other patients postoperatively. TCDOG 366, 380, 381 developed recurrence 

after 2, 5 and 8 months respectively. Although TCDOG 471 and 441 had high CA125 

they did not develop recurrence at the time o f  follow up. No follow up data was 

available for TCDOG 410.
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Figure 6.67 CA125 post-operatives versus pre-operative values in 

the neo-adjuvant chemo group
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In the recurrent group the postoperative values o f HE4 and CA125 (Figures 6.6S&69) 

showed a significant (p<0.01) drop as compared to the preoperative group. One patient 

(TCDOG 437) showed little difference in CA125 level postoperatively (64 

preoperatively to 62 postoperatively) as she had extensive disease (Figure 6.69).
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Figure 6.68 HE4 post-operatives versus pre-operative values in

the recurrent group
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Figure 6.69 CA125 post-operative versus pre-operative values in 

the recurrent group
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6.10 Chemotherapy study results

To determine if HE4 could play a role in determing chemoresponse samples were taken 

from patients undergoing chemotherapy for ovarian cancer. These samples were taken 

prior to commencement of chemotherapy, after three cycles of chemotherapy and after 

they had finished their treatment. Nine patients were recruited in the study o f similar 

histology (Stage 3, grade 3 serous papillary adenocarcinomas). The values of HE4 and 

CA125 in the chemo group are displayed in Tables 6.29-6.32.

Table 6.29 Preoperatives HE4, CA125 and ROMA

TCDOG HE4

PRE

LN[HE4]

PRE

CA125

PRE

LN[CA125]

PRE

PI PRE ROMA

PRE

373 402.326 5.997263 2268.67 7.72694904 3.80328 97.818882

376 390.811 5.968224 142.724 4.9609127 1.748341 85.174345

425 - - - - - -

444 939.33 6.845167 2179.47 7.68683701 4.655738 99.058264

463 1433.496 7.267871 398.22 5.98700462 3.851074 97.918555

507 130.782 4.873532 283.48 5.64714157 1.112181 75.253544

515 1017.503 6.925107 1564.35 7.35522568 4.496136 98.897099

401 2731.649 7.912661 164000 14.3102068 7.727951 99.955985

456 137.344 4.922489 1158.958 7.0552766 0.157183 53.921517

HE4PRE= Preoperative HE4 LN[HE4]PRE= Preoperative Log HE4

CA125PRE= Preoperative CA125 LN[CA125]PRE= Preoperative Log CA125

PI PRE= Preoperative Predictive index ROMA PRE= Preoperative ROMA

425= did not have preoperative blood taken
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Table 6.30 Prechemotherapy HE4, CA125 and ROMA

TCDOG HE4 PC LN[HE4]PC CA125PC LN[CA125]

PC

PI PC ROMA PC

373 77.524 4.3505876 76.193 4.33326959 -0.39344 40.28905

376 98.974 4.5948572 71.07 4.26366531 -0.19035 45.25568

425 54.142 3.9916102 12.724 2.54348997 -2.07689 11.13633

444 423.56 6.0486952 1119.101 7.02028096 3.339489 96.57589

463 160.872 5.080609 70.332 4.25322689 0.307196 57.62006

507 66.01 4.1898063 129.233 4.86161698 -0.1739 45.66348

515 52.544 3.9616509 94.615 4.54981603 -0.63942 34.53782

401 209.304 7.9126607 6383.336 8.76144612 7.380599 99.93772

456 39.678 3.6807969 154.754 5.04183676 -2.92408 5.097574

H E4 PC= Prcchcmo H E4 LN [ H E4] PC= Prcchcmo Log H E4

CA125PC= Prcchcmo CA125 LN[CA125]PC=Prcchcmo LogCA125

PI PC= Prcchcmo Prcdictivc index ROMA PC= Prcchcmo ROMA

Table 6.31 Midchemotherapy HE4, CA125 and ROMA

CDOG HE4 MC LN[HE4]MC CA125MC LN[CA125]

MC

PI MC ROMA

MC

373 102.275 4.6276653 9.582 2.259886338 -1.62299 16.47927

376 90.4 4.5042443 6.714 1.904194899 -2.01172 11.79784

425 47.319 3.8569119 10.74 2.373975089 -2.34106 8.777885

444 49.046 3.8927586 7.66 2.036011984 -2.55117 7.234791

463 283.145 5.6459591 107.785 4.680138502 1.207659 76.98845

507 56.575 4.0355672 8.361 2.123578037 -2.33855 8.798011

515 64.107 4.1605536 10.052 2.30777162 -2.07374 11.16759

401 88.24 4.4800604 12.959 2.561790527 -1.17709 23.55761

456 49.192 3.895731 15.541 2.743481693 -2.55642 7.199648

HE4 MC= Midchcmo HE4 LN[HE4]MC= Midchemo Log HE4

CA125MC= Midchcmo CA125 LN[CA125]MC= Midchemo Log CA125

PIM C= M idchem o predictive index R O M A  M C = M idchem o R O M A
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Table 6.32 Postchemotherapy HE4, CA125 and ROMA

TCDOG HE4P0C LN[HE4]POC CA125POC LN[CA125]

POC

PI POC ROMA

POC

373 56.052 4.02628 6.05 1.800058 -2.58503 7.010834

376 60.839 4.108231 5.089 1.627081 -2.62642 6.745755

425 46.968 3.849467 77.013 4.343974 -0.90677 28.76621

444 43.675 3.776776 6.057 1.801215 -2.84366 5.500976

463 - - - - - -

507 47.234 3.855114 6.9 1.931521 -2.66681 6.49606

515 63.3 4.147885 8.922 2.18852 -2.1742 10.20912

401 82.303 4.410408 11.602 2.451177 -1.34979 20.59053

456 50.048 3.912983 9.729 2.275111 -2.54468 7.278473

HE4P0C= Postchemo HE4 LN[HE4]P0C= Postchemo Log HE4

CA125POC= Postchemo CA125 LN[CA125]POC= Postchemo Log CA125

PIOC= Postchemo predictive index ROMAPOC= Postchemo ROMA

463= did not have preoperative blood taken

HE4 and CA125 values dropped significantly throughout the course o f chemotherapy 

as compared to preoperative samples as displayed in Figures 6.70 & 6.71. Table 6.33 

display CA125 and HE4 values throughout the course o f chemotherapy.
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Table 6.33 HE4, CA125 values throughout chemotherapy

TCDOG HE4
PRE

HE4
PC

HE4
MC

HE4
POC

CA125
PRE

CA125
PC

CA125
MC

CA125
POC

373 402.326 77.524 102.275 56.052 2268.67 76.193 9.582 6.05

376 390.811 98.974 90.4 60.839 142.724 71.07 6.714 5.089

425 - 54.142 47.319 46.968 - 12.724 10.74 77.013

444 939.33 423.56 49.046 43.675 2179.47 1119.1 7.66 6.057

463 1433.496 160.87 283.145 - 398.22 70.332 107.78 -

507 130.782 66.01 56.575 47.234 283.48 129.23 8.361 6.9

515 1017.503 52.544 64.107 63.3 1564.35 94 615 10.052 8.922

401 2731.649 209.30 88.24 82.303 16400 6383.3 12.959 11.602

456 137.344 39.678 49.192 50.048 1158.958 154.75 15.541 9.729

Bold figures indicate high HE4 and CA125 values

fXO.Ol

midchomopreoperative prechem o postchem o

Figure 6.70 HE4 values in chemotherapy patients

[Pre op v pre chemo (p<0.05), pre op v mid chemo, post chemo (p<0.01)]
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TCDOG 401 had an extremely high CA125 level (16400), which skewed the graph so 

for the presentation purposes the eight samples were displayed in the graph. An 

individual analysis o f  HE4 and CA125 values for patients who had chemotherapy 

showed the level o f HE4 and CA125 in some patients did not drop below the normal 

level. Patients (TCDOG 373, 463, 515 and 456) had high HE4 values at mid-chemo 

and post-chemo. TCDOG 373 recurred after 20 months; TCDOG 463 recurred after 6 

months and developed chemresistance at 4th cycle o f chemotherapy. TCDOG 515 

recurred after 7 months and had a poor overall survival (7 months). TCDOG 456 

developed recurrence after 21 months. TCDOG 401 recurred after 4 months despite 

decreasing her HE4 and CA125 values throughout course o f chemotherapy. Subsequent 

biopsy revealed a rare type o f atypical cells, which might explain that her markers did 

not increased in spite o f  her early recurrence. Although TCDOG 425 had high CA125 

at the post chemo stage she did not develop any recurrence at the time o f follow up.
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6.11 Discussion

The aim o f this chapter was to evaluate the utility o f  HE4 as a diagnostic and 

prognostic marker o f ovarian cancer in premenopausal and postmenopausal women 

using eligible samples from the DISCOVARY Bioresource. In addition, this study 

evaluated the combination o f  CA125 and HE4 in the ROMA index for the detection o f 

ovarian cancer in the same cohort o f  patients and determined if  HE4 can assess 

recurrence/ chemoresistance in ovarian cancer. Other aims included comparing CA125 

(Fujirebio), used in this study with the standard Roche CA125, and establishment o f a 

new ROMA cut o ff for symptomatic population used in this study compared to a 

screening population, which the current ROMA is validated for. The symptomatic 

population in this study consisted o f women presenting with a pelvic mass. In this study 

the sensitivity and specificity o f biomarkers are being examined but in the clinic the 

clinical examination and radiology are also taken into account, but these finding are not 

included here. This study included borderline cases for the calculation o f sensitivity and 

specificity as many studies exclude them but these patients have to undergo full staging 

surgery so we felt it was important to include them in the analysis.

The women enrolled in the study were split according to their menopausal status into 

two groups premenopausal and postmenopausal. The postmenopausal women 

constituted around 65% o f the women recruited in the study and the premenopausal 

women represented around 35% of the total women enrolled in the study.

Using the standard cut off which was generated for a screening population when 

borderline cases were included the most sensitive test is the currently gold standard 

Roche CA125 (72.9%) for premenopausal women. However, the specificity is quite 

low at 33.8% and using the Fujirebio/Roche ROMA index increases the specificity but 

decreases sensitivity. So perhaps in the premenopausal setting HE4 would have utility 

in decreasing some o f  the false positives, however, the algorithm for using Roche 

CA125 with Fujirebio HE4 may need some adjustments as the current algorithm was 

developed for using a Fujirebio CA125 assay. If  we confine the analysis to early stage 

cancers sensitivity and specificity are greatly improved using the Fujirebio/Roche 

ROMA index. So clearly HE4 has a role in improving detection o f  early stage ovarian 

cancer in premenopausal women.
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For postmenopausal women using the standard cut off developed for a screening 

population and including borderlines the most sensitive test is Fujirebio/Roche ROMA 

index (86.8%) but with low specificity (51.5%) compared to the gold standard Roche 

CA125 with a sensitivity o f 82.8% and specificity o f 60.2% . An improvement in 

sensitivity and specificity was also seen using the Fujirebio ROMA with a sensitivity o f 

84.7% and specificity o f 66.1%. When we use the new cut o ff generated in this study 

for a symptomatic population including borderlines an improvement in specificity o f 

Fujirebio/Roche ROMA index from 51.5% to 75.5% is seen but sensitivity reduces to 

78.8%. Overall in this population the ROMA index using the standard cut off remains 

the most sensitive. This could have important implications for the numbers o f surgeries 

which have to be carried out in a cancer centre. Being able to identify benign cases 

prior to surgery could funnel some o f these patients back to a routine gynaecological 

service with less aggressive surgery. When we confine this analysis to early stage 

postmenopausal cancers using the standard cut o ff which was generated for a screening 

population we see an increase in sensitivity when using the ROMA index with either 

the Roche or Fujirebio CA125 but a decrease in specificity from 68.6% with the 

standard Roche CA125 to 66% with the Fujirebio ROMA.

The sensitivity and specificity o f HE4, CA125 and ROMA have been evaluated in 

several studies. One meta-analysis, which included 11 studies in a pooled population 

showed that HE4 has the highest specificity (94%) but a lower sensitivity (80%) than 

ROMA (86%). The ROMA had a higher specificity (84%) than CA125 (78%). 

However, no real difference was found between CA125 and HE4 and between CA125 

and ROMA in their summary sensitivity (171). In our study we found that Roche 

CA125 has the highest sensitivity (72.9%) but low specificity o f  33.8% in 

premenopausal women. In postmenopausal women Fujirebio/Roche ROMA index has 

the highest sensitivity (86.8%) but with low specificity (51.5%).

HE4 and CA125 values increased significantly with age in the women enrolled in the 

study. When this was split into premenopausal and postmenopausal group, we found a 

significant increase in HE4 and CA125 in the postmenopausal group. However, there 

was no significant association between age and HE4 or CA125 values in the 

premenopausal group, which may be due to the smaller sample size.
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Serum HE4 values have been found in several studies to be correlated with age in 

healthy women (121, 122, 128, 130, 406, 407) and in women diagnosed with ovarian 

cancer and other malignancies such as pulmonary adenocarcinoma (166, 408), which is 

in line with our findings as a whole and in the postmenopausal group in particular. 

CA125 was reported to be negatively correlated with age in normal postmenopausal 

women whereas a positive correlation was seen in cancer patients (409). In another 

study, which analyzed demographic, medical and lifestyle characteristics related to 

CA125, CA125 was significantly increased with age, which corresponds to our data 

(410). Recently one study found that the combination o f  age, CA125 and HE4 with or 

without CEA in women who presented with isolated pelvic mass increased the 

diagnostic value compared to CA125 and age alone (411).

In the premenopausal group when CA125 and HE4 were examined in relation to the 

median weight, we found that the median CA125 (Fujirebio) was significantly higher in 

the under 70 group compared to the over 70 group. However, no significant association 

was found between HE4, CA125 (Roche) values. In postmenopausal women HE4 and 

CA125 values were significantly lower in heavier women compared to the under 69 

group. One study showed that low HE4 was associated with high BMI, which is similar 

to our findings in the postmenopausal group (121). As we know from chapter 3 a 

decreased median weight was seen in the malignant group which is probably due to the 

women having large volume disease, which is pressing on the abdomen so women 

would feel full quicker and do not eat as much. So despite having a distended abdomen 

they are still losing weight, a classic symptom o f ovarian cancer.

Women were divided into 3 categories based on their smoking habit; smokers, non- 

smokers and ex-smokers. In the premenopausal group HE4 values were highest in 

smokers followed by non-smokers while the lowest values seen in ex-smokers. CA125 

values were highest in ex-smokers and lowest in smokers. In postmenopausal women 

there was no correlation between smoking habit and HE4, CA125 values. Smoking 

correlated with high HE4 in several studies (121, 122, 128) and this in line with our 

findings in the premenopausal group. Low levels o f CA125 correlated with smoking 

habit, which is similar to our data among premenopausal women (412). In contrast 

another study showed that regular smoking and caffeine consumptions decrease CA125 

levels (413).
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Significant changes were seen in HE4, CA125 values and ROMA indices between 

benign versus malignant and borderline versus malignant samples in premenopausal 

and postmenopausal groups. HE4, CA125 (Fujirebio) values and ROMA indices 

increased significantly in malignant compared to borderline and benign samples in 

premenopausal and postmenopausal women.

HE4 has been reported to be a useful measurement to discriminate benign ovarian 

lesions from ovarian cancer (144, 403, 414). A meta-analysis, which included 9 studies 

and 1807 women showed that serum HE4 is a valuable preoperafive test for predicting 

benign ovarian disease and ovarian cancer. In addition it has the potential to be used as 

screening tool for diagnosis o f ovarian cancer (168). HE4 was found to be superior to 

CA125 for detection o f  ovarian cancer (415). In one study the addition o f  7 biomarkers 

to CA125 in a combined multimarker panel did not increase sensitivity over that 

obtained with CA 125 alone at 98% specificity (130).

When we compared preoperative HE4 and CA125 and debulking status there was no 

significant associafion between HE4 and CA125 values and debulking status in the 

premenopausal group. We did not see any trend in premenopausal women possibly 

because the numbers were small. However, in the postmenopausal group preoperative 

HE4 values were significantly higher in patients who would subsequently be 

suboptimally debulked. No significant association was seen between CA125 values and 

debulking status. Our results in the postmenopausal group were in agreement with other 

studies which reported a correlation between preoperative HE4 and cytoreduction 

compared to CA125 (416). Another study showed that the combination o f  plasma HE4 

and CA125 might predict the surgical outcome in epithelial ovarian cancer, which in 

turn might have a prognostic impact on PFS and OS (417). In addition to residual 

tumour size high serum HE4 was significantly associated with operating time (165).

Tumour stage was examined in our study in relation to HE4 and CA125. Our results 

showed that HE4 and CA125 were significantly higher in late stage compared to early 

stage in the postmenopausal group. While in the premenopausal group CA125 showed 

a significant increase in late stage compared to early stage. HE4 was higher in the late 

stage disease than in the early stage but the difference was not significant perhaps a 

larger sample size would show significant changes. HE4 concentration was previously
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reported to be correlated to the stage o f the disease (175, 404). Elevated HE4, CA125 

and ROMA were associated with suboptimally debulked tumour, ascites and advanced 

stage (418). Our results were in line with other studies as regards the use o f 

preoperative HE4 alone or in combination with CA125 in identifying the stage o f the 

disease, which might help in tailoring the m anagement o f the disease.

A significant association was also found between high preoperative serum levels o f 

CA125 and HE4 and grade 3 tumours which is in agreement with other studies which 

found high HE4 was strongly correlated with all standard prognostic factors o f  ovarian 

cancer including tumour grade (166). One study showed that HE4 and TP53 were 

significantly different between low grade serous ovarian carcinoma (LGSG) and high 

grade serous ovarian carcinoma (HGSG). CA125 did not show any significant 

difference between the two groups. These results suggest that HE4 could be a reliable 

marker for the differential diagnosis o f LGSG and HGSG (175). Our findings 

correspond to what was previously published as regards the positive correlation 

between high preoperative HE4 and grade o f the disease. This could have important 

implications for neoadjuvant chemotherapy as low grade tumours do not respond as 

well to chemotherapy so a decision to perform surgery first may be made in the case o f 

a low grade tumour.

In the premenopausal group the median HE4 was highest in clear cell followed by 

serous and was lowest in endometrioid. CA125 (Fujirebio and Roche) was highest in 

the serous subtype followed by clear cell. The lowest values were seen in mucinous. In 

postmenopausal women the median HE4 was highest in peritoneal cancer followed by 

serous and was lowest in mucinous. Similarly, CA125 (Roche) was also highest in 

peritoneal cancer followed by serous and lowest in clear cell. CA125 (Fujirebio) was 

highest in serous followed by peritoneal cancer. The lowest values were seen in clear 

cell. This could have important implications for neoadjuvant chemotherapy as 

mucinous and clear cell tumours do not respond as well to chemotherapy so a decision 

to perform surgery first may be made in this case.

Survival analysis was performed (PFS & OS) in relation to HE4, CA125 and ROMA 

using the cut o ff the kit is validated for and the new cut o ff which was established for 

our population. No relationship was observed between HE4, CA125 or ROMA and
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survival in the premenopausal group. This could be due to the small sample size in 

premenopausal cancers. In the postmenopausal group a significant shorter survival 

(PFS and OS) was observed with patients with a high CA125 (Fujirebio). W e did not 

see a similar trend with Roche CA125 probably because there were a lot more under 35 

values with Fujirebio than Roche CA125. A high HE4 and ROMA value (using the kit 

cut off) was associated with poor overall survival. ROMA (using ELISA HE4 and 

Roche CA125) correlated with poor PFS. HE4 and ROMA have more potential in 

relation to prognosis in postmenopausal women when using the new cut-off.

Several studies have evaluated the impact o f HE4, CA125 and ROMA on survival. One 

study reported that HE4 and ROMA correlated with poor overall survival and 

progression free survival (418). Other studies showed that HE4 was a poor prognostic 

factor for PFS in patients with ovarian cancer (164). HE4 was identified in more than 

one study (154, 166) as a marker o f poor prognosis as it was associated with poor 

overall survival, which is in line with our findings in the postmenopausal women. 

Furthermore, high levels o f HE4 were shown to be associated with poor progression 

free survival in other cancers such as pulmonary adenocarcinoma, HE4-positive group 

breast cancer and endometrial carcinoma (166, 408, 419). However, one study 

suggested that HE4 expression was up regulated during gastric and pancreatic 

carcinogenesis with no impact on overall survival (420). A more thorough clinical 

study using the new cut o ff levels in an “at risk” population would be needed to 

validate these findings.

In the postoperative study HE4 values dropped significantly in the post-operative 

samples compared to pre-operative samples, however, there was no significant change 

in CA125 (Fujirebio) in the post-operative group compared to pre-operative group. The 

drop in HE4 was more evident in most o f the patients o f the chemo-naive group; while 

those who did not show a significant decrease in HE4 went on to develop recurrence 

quite quickly. In the neo-adjuvant chemo group the postoperative HE4 and CA125 

values dropped compared to preoperative values, however, no significant changes were 

seen. This is likely due to the lower preoperative levels in these patients due to the 

effect o f neo-adjuvant chemotherapy. Retrospective individual analysis showed that 

some patients whose HE4 did not decrease postoperatively recurred quickly and had a 

short overall survival. Also there was a significant decrease in serum levels o f HE4 and
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CA125 in the recurrent group. One o f  the women (TCDOG 437) in this group showed 

little change in her postoperative HE4 as she was an inoperable case and developed 

problems from disease progression quite quickly.

Several studies reported that HE4 was a better biomarker for detecting ovarian cancer 

and could be an important early indicator either alone or in combination with CA125 

for recurrence o f ovarian cancer (151, 421). Another study showed that HE4 can detect 

recurrence earlier than CA125 and it can be raised in patients who do not express 

CA125 at sufficient level where clinical diagnosis o f recurrence can be made (163). In 

other cancers postoperative increase o f HE4 serum levels in pulmonary 

adenocarcinoma showed a significant correlation with recurrence (408). An early 

indication o f whether a patient was going to recur quickly may help in the treatment 

management o f these patients.

In our study the new HE4 cut o ff detected more o f the recurrent patients than CA125 so 

it may have a more superior role in detecting recurrence than CA125. Schummer et al 

found similar results but both studies were small and this would need a larger clinical 

study to confirm this result (422) . The clinical impact o f a better marker for detecting 

recurrence is unclear at the moment. The OV05 trial (423), clearly showed that early 

treatment o f relapse identified by elevations in CA 125, and starting treatment upon 

clinical recurrence, yielded similar outcomes to treating patients when symptoms 

occurred. Despite suggestions that early detection identifies patients who may benefit 

from cytoreductive surgery, the role o f such interventions in the setting o f disease 

recurrence has not been established and ongoing trials are examining this (424).

In the chemotherapy study, HE4 and CA125 values dropped significantly throughout 

the course o f  chemotherapy as compared to preoperative samples. Although there was a 

general downward trend in HE4 and CA125 values throughout chemotherapy, a few 

patients showed an increase in their serum level o f HE4 and CA125. Individual 

analysis o f patients who had increased level o f HE4 at mid and post chemo showed 

they developed chemo resistance and recurrence. Interestingly the percentage o f  change 

was related to the time o f  recurrence; the higher percentage increase in HE4 indicated 

an early recurrence. These findings might suggest that HE4 alone or in combination 

with CA125 could serve as potential prognostic markers in ovarian cancer patients.

354



Very few reports exist in the literature as regards the use o f HE4 in chemotherapy. 

Increasing levels o f serum pre-chemo HE4 was found to be associated with poor PFS 

and OS (167). One study showed that a combination o f high levels o f HE4 and CA125 

before starting chemotherapy was significantly associated with poor PFS and OS and 

chemo resistance (425). Another study showed that the HE4 profile in chemotherapy 

correlated with radiological and clinical response (426), which is in line with our 

results. Taken together these results indicate that HE4 is a potential biomarker for 

monitoring the response to chemotherapy in ovarian cancer and predicting chemo 

resistance. A larger more thorough study would be needed to determine if  HE4 is more 

superior than CA125 for detecting recurrence.
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6.12 C onclusion

This chapter evaluated the utility of HE4 as a diagnostic and prognostic marker in 

premenopausal and postmenopausal women using samples from the DISCOVARY 

Bioresource. We have shown that:

• Roche CA125 is the currently the most sensitive test using the standard cut off 

which was generated for a screening population when borderlines are included

• Fujirebio/Roche ROMA index using the standard cut off for a screening 

population and including borderlines is the most sensitive test for discriminating 

malignant from benign disease in our symptomatic postmenopausal population

• Discriminating malignant from benign disease has important clinical 

implications

> Less radical treatment for benign lesions

> Preserve fertility in young women

> Reserve waiting lists in gynae cancer centres for malignant cases

• ROMA has role in improving detection of early stage ovarian cancer in 

premenopausal and postmenopausal women

• HE4 may have a role in the management of ovarian cancer and in identifying 

women early who are going to recur

• HE4 has the potential to predict surgical outcome

This is the first study to develop cut offs for ROMA for a symptomatic population and 

to incorporate the Roch CA125 in a ROMA index. Taken together with the clinical 

examination and imaging results this information may help in the treatment 

management of ovarian cancer patients. HE4 clearly has a role in the management of 

ovarian cancer and in identifying women early who are going to recur.
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Chapter 7 

General discussion
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7.1 Introduction

Ovarian cancer is the fifth most common cause o f cancer death in women and the 

leading cause o f  death from gynaecological malignancy in the western world (427). 

According to the NCRI in 2011, there were 315 new cases o f ovarian cancer in Ireland 

(3% o f all female invasive cancers, 7th most common) and 269 deaths (7% o f all 

female cancer deaths). The vast majority o f  women present in advanced stages and this 

is due to either lack o f symptoms or non-specific symptoms. They can present with 

symptoms like abdominal pain, back pain, urinary urgency, bloating, constipation, and 

other vague symptoms. This range o f  symptoms can be found in other several 

conditions apart from ovarian cancer.

Debulking surgery followed by platinum-based chemotherapy schemes is considered 

standard care for these patients. However, despite an initial response rate o f 65% -80%  

to first-line chemotherapy, most ovarian carcinomas relapse. Acquired resistance to 

furtiier chemotherapy is generally responsible for treatment failure, resulting in an 

overall 5-year survival rate o f only 10%-30% for late-stage ovarian cancer. Early 

detection is central to the successful treatment o f ovarian cancer. When ovarian cancer 

is diagnosed in stage I more than 90% of patients can be cured with conventional 

surgery and chemotherapy. At present, however, only 25% o f  ovarian cancers are 

detected in stage 1. Currently, no standardized screening test exists to reliably detect 

ovarian cancer. Cancer antigen (CA) 125 is a protein antigen found at abnormally high 

levels in the blood o f many women with ovarian cancer. However, a number o f non- 

cancerous conditions can cause elevated CA 125 levels, and many women with early- 

stage ovarian cancer have normal CA 125 levels. Once the m olecular biology o f the 

ovarian cancer is known, more reliable and sensitive screening tests can be established 

and a better and effective treatment can be found.

MicroRNAs are small, 22-25 nucleotide non-coding sequences o f RNA. These 

sequences control gene expression either by translational repression or degradation o f 

the messenger RNA transcript after targeting the 3'UTR. MicroRNAs were recently 

found to be involved in the pathophysiology o f all types o f analyzed human cancers 

mainly by aberrant gene expression. MicroRNA profiling has allowed the identification 

o f signatures associated with diagnosis, prognosis and response to treatment o f human 

tumours.
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The aims o f this study were firstly to carry out an epidemiological analysis o f our 

population. Secondly, to profile the microRNA repertoire from serum/blood o f ovarian 

cancer patients and to assess the utility o f microRNAs as diagnostic and prognostic 

markers for ovarian cancer. Thirdly to evaluate the utility o f HE4 as a diagnostic and 

prognostic marker o f ovarian cancer in premenopausal and postmenopausal women 

using samples from the DISCOVARY Bioresource and to evaluate the combination o f 

CA125 and HE4 in the ROMA index (Risk o f Ovarian M alignancy Algorithm) for the 

detection o f ovarian cancer in the same cohort o f patients. . For the first time a new 

ROMA cut off for a symptomatic population was developed and used in this study and 

compared to a screening population, which the ROMA is validated for. A new cut o ff 

for ROMA was also developed using the gold standard Roche CA125 with the 

Fujirebio HE4.

7.2 Epidemiological Analysis o f  D ISC O V AR Y  Bioresoiirce

The first epidemiological analysis o f the DISCOVARY Bioresource was carried out to 

determine the influence o f certain demographic features such as age, weight, smoking, 

menopausal status on the development o f ovarian cancer.

In line with national and international figures the majority o f  women presenting with 

ovarian cancer in this study are postmenopausal with a median age o f 63 years. 

Furthermore the most common histological malignant type was serous adenocarcinoma.

No relationship was found between age and survival in women who had primary 

surgery for ovarian cancer. Women who had neo-adjuvant chemotherapy showed no 

significant changes in PFS, however, women aged older than 65 who had neoadjuvant 

chemotherapy had a significantly poorer survival. The poorer survival in elderly 

patients is possibly due to the fact that ageing increases the risk o f  comorbidities which 

in turn could interfere with their treatment (168).

Low parity, oral contraceptive (OC) use and family history were the most common 

factors, which influenced the development o f  ovarian cancer. Low parity was 

significantly associated with the development o f ovarian cancer, which is in line with
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data from previously published studies (345, 428, 429). Risk reduction of 

approximately 40% is observed following first childbirth and each subsequent 

childbirth offers added protection. Our study showed that the incidence o f ovarian 

cancer was significantly higher in women who had not used OC. This is in agreement 

with the data previously reported by several studies (404, 430). A significantly higher 

number o f women with a family history actually developed ovarian cancer in this study. 

Several epidemiological studies showed that women who have a family history o f 

breast or ovarian cancer have an increased risk o f ovarian cancer (324, 325). Our data is 

in line with what has been published regarding family history o f  cancer and risk o f 

ovarian cancer.

High BMI and obesity was found to be associated with increased risk o f ovarian cancer 

(297-299, 431). However, we did not see this pattern in our study, possibly because the 

decreased median weight seen in the malignant group is due to the large size o f 

malignant tumour, which renders women to feel full quicker and subsequently not 

eating as much. So despite having a distended abdomen they are still losing weight. The 

influence o f obesity on the survival o f patients with ovarian cancer is inconclusive. 

Some studies show that obesity has no role in prognosis and does not affect survival in 

ovarian cancer (300-302). Other studies suggested obese women have a slight worse 

survival than non-obese women, (303, 304). In this study no significant association was 

seen between weight and survival.

No significant association was observed between smoking habit or alcohol 

consumption and development o f ovarian cancer, however, the percentage o f women 

who smoked or consumed alcohol and developed mucinous tumour was higher than the 

percentage o f women who smoked or consumed alcohol and developed serous tumour. 

No significant observation was made between smoking and survival, which contradict 

the results o f  previously published studies as regard poor survival among smokers 

compared to non-smoker (314, 315). Our findings are perhaps because o f  our small 

group.

There was no significant association between the number o f  women, who developed 

ovarian cancer and use o f HRT. Our results were in agreement with studies which
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reported no significant association between the use o f HRT and the risk o f  developing 

epithelial ovarian cancer, even with prolonged exposure (335).

Early stage disease was associated with an improved survival in women who had 

primary surgery, which corresponds with what has been published about the improved 

survival seen with early stage disease. Low grade o f the disease and optimal debulking 

status were significantly associated with an improved survival in women who had 

primary surgery but not in women who received neo-adjuvant chemotherapy.

7.3 MicroRNA profiling in ovarian cancer

This study demonstrated that the extraction o f RNA using a modified Tri-Reagent RT 

Blood Protocol was successful. Also microRNAs profiling from semm was successful 

which is similar to a previous published paper (359). An initial training set was 

confined to whole blood and serum samples for validation as more abundant 

microRNAs were detected in blood as compared to the serum o f the same patient.

In this study a significant difference in micro RNA expression between malignant and 

benign samples when other microRNAs were used as endogenous controls with 

MammU6. As Mir-223 was found in all serum samples in this study it might be 

considered a more suitable endogenous control compared to MammU6 in serum. In 

blood Mir-191 would have been a more suitable endogenous control. Nonnalization is 

currently one o f the main issues that are still unresolved for the measurement o f 

microRNAs in the peripheral circulation. Currently most protocols use same input 

volume for all samples as well as spiked-in synthetic non-human (Caenorhabditis 

elegans) miRNA as an endogenous control (271, 359).

Initial analysis o f the training set revealed a panel o f microRNAs, which were 

expressed in three out o f the eight malignant samples but not in any o f  the benign cases. 

Four microRNAs, miR-324-5p, mir-603, let-7a and miR-142-5p were assessed for their 

suitability as potential biomarkers in ovarian cancer in the same samples from the 

screening study along with other samples. However, Validation o f these microRNAs 

did not correspond to the pilot study therefore they are not suitable discriminators to be 

used to distinguish between benign and malignant ovarian disease. Throughout the 

course o f this study we received further insight into miRNAs in serum. A seminar by 

Andrew Hamilton suggested haemolysis in serum samples could have an effect on
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miRNA results, therefore, based on the inconsistencies o f results using this platform it 

was decided to carry out a new training using a different platform which carries out a 

quality control analysis on all samples to assess the degree o f haemolysis and ensure 

they pass this before profiling.

Using an alternative platform, Exiqon microRNA profiling was successful and revealed 

four significantly down-regulated microRNAs in cancer patients. Very little overlap 

was seen between ABI and Exiqon platforms.

Bioinformatic analysis o f the validated targets for these microRNAs revealed numerous 

pathways involved in cancer such as WNT signaling, AKT/mTOR and TLR-4/MyD88. 

WNT signaling pathway has previously been found to play a role in ovarian 

carcinogenesis (378). Another pathway is the AKT/mTOR signaling pathway, which is 

frequently overexpressed in epithelial ovarian cancer. The TLR-4/MyD88 pathway has 

in recent years been proposed as a risk factor for carcinogenesis and chemo-resistance 

in ovarian cancer (271, 382). Recently our group and others have shown MyD88 to be a 

specific marker for chemo-resistance in ovarian cancer and MyD88 may play a dual 

role in the pathogenesis o f ovarian malignancies. Firstly the TLR4-MyD88 pathway is 

a highly important inflammatory pathway, which may be exploited by cancerous cells 

to create an inflammatory microenvironment that supports tumours growth. Secondly 

MyD88 positive cells may represent the CSC component o f tumours, therefore 

identifying and successfully eliminating MyD88 positive cells may prevent the 

development o f  recurrent disease (271, 432-434).

Let-7i was the most significant down-regulated microRNA in our study and it has been 

linked to invasion, one o f the key hallmarks o f cancer that differentiates benign and 

malignant cases. However, serum let-7i has not been previously examined in ovarian 

cancer. Our study is the first to report serum let-7i in the context o f  a cancer biomarker. 

miR-122 was the second most downregulated microRNA in cancer patients in the 

validation set. This miRNA has not been reported in ovarian cancer previously but it 

has been associated with other cancers. Serum miR-122 has not previously been 

reported in ovarian cancer, however, it has shown utility as a serum biomarker in other 

diseases as well as cancer. Another deregulated microRNA found in our study was 

miR-152, which has shown potential in ovarian cancer. The potential o f  miR-152 as a
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tissue-based biomarkers has been demonstrated in many studies described above and 

our study now for the first time demonstrates its utility as a serum based diagnostic 

biomarker. miR-25 is another microRNA, which was found down-regulated in our 

study, however, contrary to our study it was upregulated in other studies. Taken 

together our identified miRNAs have shown some potential as serum biomarkers in 

other cancers and some have already shown important roles in the biology o f  ovarian 

cancer that discriminates benign and malignant tumours.

Exosomes as potential biomarkers for ovarian cancer

Exosomes provide stable, disease-specific markers for detection and prognosis o f the 

disease (435). Profiling o f circulating exosomes can provide better diagnosis and 

monitoring o f response to treatment (435).

The presence o f exosomes in ovarian cancer cell cultures and plasma/serum or ascites 

o f ovarian cancer patients has been demonstrated in several studies (276, 435-445) and 

other cancers. Diagnostic microRNAs were reported from exosomes from ovarian 

cancer patients’ serum using magnetic beads and anti-EpCAM antibody (276). In this 

study specific microRNAs have been profiled from tumor tissue samples and compared 

to microRNAs from exosomes from the peripheral circulation. Eight microRNAs (mir- 

}21, 141, 200a/b/c, 203, 205 and 214) were up regulated in cancer exosomes (276). 

Profiles o f circulating tumour exosomal microRNAs from ovarian cancer patients are 

closely related with microRNA expression in primary tumours and could be used to 

distinguish cancer patients from patients with benign ovarian disease and from normal 

control (276).

These results suggest that profiling o f  microRNAs o f the circulating tumor exosomes 

could be used as potential diagnostic markers for screening o f  asymptomatic women 

and monitoring o f the disease recurrence and also to predict response outcome.

7.4 Evaluation of CA125 and HE4 in ovarian cancer

HE4 was evaluated as a diagnostic and prognostic marker o f ovarian cancer in 

premenopausal and postmenopausal women using eligible samples from the 

DISCOVARY Bioresource. Also the combination o f CA125 and HE4 in the ROMA 

index was evaluated for the detection o f ovarian cancer in the same cohort o f patients.
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For postmenopausal women using the standard cut off developed for a screening 

population and including borderlines the most sensitive test is Fujirebio/Roche ROMA 

index.

The study showed that in premenopausal women when the standard cut o ff which was 

generated for a screening population was used and borderline cases were included 

Roche CA125 was the most sensitive test. However, the specificity is quite low and 

using the Fujirebio/Roche ROMA index increases the specificity but decreases 

sensitivity.

Furthermore, a positive relationship was found between HE4 and debulking status in 

the postmenopausal group. We did not see any trend in premenopausal women possibly 

because the numbers were small. No significant association was seen between CA125 

values and debulking status. Our results in the postmenopausal group were in 

agreement with other studies, which reported a correlation between preoperative HE4 

and cytoreduction compared to CA125 (416). These results indicate that HE4 has the 

potential to predict debulkability.

Moreover, our study showed that HE4 and CA125 were significantly higher in late 

stage compared to early stage in the postmenopausal group. Also increasing serum 

level o f preoperative HE4 was associated with poorly differentiated tumours in the 

premenopausal and postmenopausal group in line with what has been previously 

published with regard to the association o f high levels o f HE4 and poorly differentiated 

tumours.

Survival analysis was performed in relation to HE4, CA125 and ROMA using the cut 

o ff the kit is validated for and the new cut o ff which was established for our 

symptomatic population. We found a significant shorter survival with CA125 

(Fujirebio) in the postmenopausal group. We did not see a similar trend with Roche 

CA125 probably because there were a lot more under 35 values with Fujirebio than 

Roche CA125. High HE4 and ROMA values (using the kit cut off) were associated 

with poor overall survival. ROMA (using ELISA HE4 and Roche CA125) correlated 

with poor progression free survival (PFS). HE4 and ROMA have more potential in 

relation to prognosis in postmenopausal women.
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HE4 dropped significantly in the postoperative group compared to preoperative group. 

We found that patients whose, HE4 did not decrease postoperatively recurred quickly 

and have a short overall survival. In our study the new HE4 cut o ff detected more o f  the 

recurrent patients than CA125 so it m ay have a more superior role in detecting 

recurrence than CA125.

HE4 and CA125 values dropped significantly throughout the course o f  chemotherapy 

as compared to preoperative samples in most o f the patients involved in the study. 

However, a few patients showed an increase in their serum level o f  HE4 and CA125. 

Some of these patients progressed rapidly and develop chemo-resistance during the 

course o f chemotherapy. Taken together our results might suggest that HE4 alone or in 

combination with CA125 serve as potential prognostic markers in ovarian cancer 

patients and HE4 has the potential a potential to m onitor the response to chemotherapy 

in ovarian cancer and predict chemo-resistance.

For the first time also a cut off has been established for ROMA using the Roche CAl 25 

values instead o f the Fujirebio one. Taken together with the clinical examination and 

imaging results this information may help in the treatment management o f ovarian 

cancer patients. HE4 clearly has a role in the management o f ovarian cancer and in 

identifying women early who are going to recur.

Currently, women with a suspicious pelvis mass are referred to one o f seven cancer 

centres in Ireland. A multidisciplinary team reviews the clinical and radiological 

findings together with tumour markers such as CA-125 and cytology/pathology.

CA-125 remains the best serum marker for clinical decision-making despite its many 

limitations. The risk o f malignancy index [RMI] uses ultrasound, menopausal status 

and CA I25 is the index commonly utilizing in the clinical practice to discriminate 

malignant from benign ovarian disease. Addition o f  biomarkers such as HE4 and 

microRNAs into current decision-making protocols should greatly improve the 

accuracy o f the diagnosis.

HE4 in combination with C A l25 in the ROMA index calculation is shown to be a 

sensitive method to improve the detection o f  ovarian cancer (174). This study has 

shown the utility o f  HE4 and ROMA as a marker o f stratifying benign versus malignant
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ovarian disease [n=386] using novel thresholds generated in our population o f  women 

presenting with a pelvic mass. In addition, HE4 was found to increase specificity to 

100% when used in conjunction with radiology, n=180. However, further work is 

needed to determine the precise clinical space where it may be useful.

Another biomarker that could be used to improve diagnostic accuracy in ovarian cancer 

is microRNAs. M icroRNAs were reported in several studies as potential biomarkers for 

ovarian cancer as mentioned previously. This study shows that 4 microRNAs 

significantly down regulated in cancer patients compared to benign group. These results 

indicate that these microRNAs could be used as potential diagnostic biomarkers for 

ovarian cancer.

Based on these results incorporating ROMA with radiological findings and microRNAs 

could have a potential to improve the accuracy o f early diagnosis o f ovarian cancer. A 

bigger cohort o f samples is required to validate these results and to assess the feasibility 

o f these markers as suitable biomarkers for early detection o f ovarian cancer.

7.5 Future work

• To validate the four differentially deregulated microRNAs in cancer patients in 

a bigger number o f samples

• To assess if  a microRNA profile indicates response to chemotherapy. This will 

also be investigated in the neo-adjuvant chemotherapy setting.

• As exosomes may contain miRNA that would relate back to the tumour of 

origin and may be a more suitable biomarker so further research is warranted to 

determine the use o f  exosomes as diagnostic tools

• Carry out a prospective clinical study using the new H E4/R0M A cut offs 

generated for a symptomatic population

• Review radiology and clinical examination findings to assess the true potential 

o f  HE4-maybe incorporated with RMI

• To evaluate the most relevant clinical scenario where HE4 can play a role

• Carry out an economic evaluation o f incorporating HE4 into the routine 

diagnostics
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Appendix A 
[For Chapter 3]
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Ovarian / Peritoneal Cancer and follow up

Abbreviations: TCDOG (Trinity College Dublin, department o f Obstetrics &Gynaecology), PFS (Progression free survival in months). Prog 

(Progressed), OS (Overall survival in months), NA (Not applicable), ND (Not documented), + (Cases censored), Y (Yes), N (No), Ex (ex 

smoker)

A .l Ovarian / Peritoneal Cancer and follow up in premenopausal women

TCDOG Age Histology Weight Smoking Stage Grade Debulking
status

PFS Prog OS Status

1 42 Serous Papillary Adenocarcinoma ND N 3 2 Optimal 42 Yes 74+ Alive

21 42 Serous Papillary Adenocarcinoma 60 N 3 3 Optimal 13 Yes 30 RIP

61 19 Germ cell Tumour 55 N 1 1 Optimal 87+ No 87+ Alive

66 52 Yolk Sac tumour 60 EX 1 1 Optimal 1 Yes 7 RIP

71 41 Serous Papillary Adenocarcinoma 60 Y 4 3 Optimal 5 Yes 7 RIP

75 54 Serous Papillary Adenocarcinoma ND Y 3 3 Optimal 20 Yes 45 RIP

89 44 Serous Papillary Adenocarcinoma 65 Y 3 3 Optimal 7 Yes 18 RIP

91 52 Clear Cell Carcinoma ND N 3 3 Optimal 83+ No 83+ Alive
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TCDOG Age Histology Weight Smoking Stage Grade Debulking
status

PFS Prog OS Status

95 40 Clear Cell Carcinoma ND N 3 3 Optimal 7 Yes 13 RIP

98 41 Serous Papillary Adenocarcinoma ND ND 3 2 Optimal 8 Yes 30 RIP

114 42 Endometrioid Adenocarcinoma ND N 1 1 Optimal ND ND ND ND

122 38 M ucinous Adenocarcinoma 69 N 1 2 Optimal ND ND 78+ Alive

137 51 Serous Papillary Adenocarcinoma ND Y 3 3 Optimal 22 Yes 73 RIP

138 19 Mature cystic teratoma ND N 1 2 Optimal 62+ No 62+ Alive

142 46 Serous Papillary Adenocarcinoma 59 N 3 3 Suboptimal ND ND ND ND

144 35 Clear Cell Carcinoma 54 N 1 2 Optimal 73+ No 73+ Alive

183 34 Endometrioid Adenocarcinoma 80 Y 1 2 Optimal 66+ No 66+ Alive

223 49 Serous Papillary Adenocarcinoma 68 N 1 3 Optimal 49+ No 49+ Alive

225 52 Serous Papillary Adenocarcinoma 65 Y 3 3 Optimal 14 Yes 26 RIP

258 47 Granulosa cell Tumour 89 EX 1 1 Optimal 47+ No 47+ Alive

279 50 Germ cell Tumour 93 N 1 3 Optimal 45+ No 45+ Alive
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TCDOG Age Histology Weight Smoking Stage Grade Debulking
status

PFS Prog OS Status

309 25 Mucinous Adenocarcinoma 64 Y 1 1 Optimal 39+ No 39+ Alive

317 47 Endometrioid Adenocarcinoma 51 N 1 1 Optimal 38+ No 38+ Alive

324 25 Endometrioid Adenocarcinoma 60 N 1 2 Optimal 35+ No 35+ Alive

342 22 Yolk Sac tumour 60 N 3 3 Optimal ND ND ND ND

347 50 Serous Papillary Adenocarcinoma 60 Y 1 3 Optimal 20+ No 20+ Alive

349 37 Serous Papillary Adenocarcinoma 90 Y 3 3 Suboptimal 8 Yes 13 RIP

355 35 Clear Cell Carcinoma 57 N 1 3 Optimal 25+ No 25+ Alive

358 40 Serous Papillary Adenocarcinoma 65 N 3 3 Optimal 22 Yes 24 RIP

371 51 Serous Papillary Adenocarcinoma 88 N 3 3 Optimal 25 Yes 27+ Alive

401 45 Serous Papillary Adenocarcinoma 66 Y 3 3 Suboptimal 4 Yes 22+ Alive

428 34 Mucinous Adenocarcinoma 52.8 N 3 2 Optimal 6 Yes 8 RIP

440 44 Clear Cell Carcinoma 65 N 2 3 Optimal ND ND 13 RIP

456 37 Serous Papillary Adenocarcinoma 54 N 3 3 Optimal 21 Yes 21+ Alive
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TCDOG Age Histology Weight Smoking Stage Grade Debulking
status

PFS Prog OS Status

481 53 Serous Papillary Adenocarcinoma 76 N 3 3 Optimal 17+ No 17+ Alive

508 35 Endometrioid Adenocarcinoma 65 EX 1 1 Optimal 14+ No 14+ Alive

529 34 Clear Cell Carcinoma 54.2 N 3 3 Optima! 7 Yes 8 RIP

546 33 M ucinous Adenocarcinoma 59.8 Y 1 1 Optimal 11 + No 11 + Alive

578 17 Yolk Sac tumour 88 N 1 3 Optimal 4 Yes 6+ Alive

592 31 Mucinous Adenocarcinoma 67 N 1 2 Optimal 5+ No 5+ Alive

624 38 M ucinous Adenocarcinoma 68 Y 1 1 Optimal ND ND ND ND

625 48 Mucinous Adenocarcinoma 57 Y 1 1 Optimal ND ND ND ND

628 41 Endometrioid Adenocarcinoma 63 N 1 2 Optimal ND ND ND ND
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A.2 Ovarian /Peritoneal Cancer and follow up in postmenopausal women

TCDOG Age Histology Weight Smoking Stage 1 Grade
1

Debulking
status

PFS Prog OS Status

8 59 SerousPapillary Adenocarcinoma ND N 3 3

i

Optimal 16 Yes 43 RIP

11 70 Peritoneal Serous Papillary 
Adenocarcinoma

98.4 N 3 1 3

1

Suboptimal ND ND 29 RIP

14 93 Serous Papillary Adenocarcinoma 38 N 2 3 Optimal 49 Yes 55 RIP

15 60 Serous Papillary Adenocarcinoma 57 EX 3 3 Suboptimal 17 Yes 41 RIP

20 82 Peritoneal Serous Papillary 
Adenocarcinoma

ND N 4 3 Optimal 0 Yes ND ND

24 64 Serous Papillary Adenocarcinoma 50 N 3 3 Suboptimal 9 Yes 33 RIP

34 74 Serous Papillary Adenocarcinoma 52 N 3 2 Suboptimal NA ND 10 RIP

35 63 Peritoneal Serous Papillary 
Adenocarcinoma

ND N 3 2 Optimal 24 Yes 91 + Alive

36 86 Serous Papillary Adenocarcinoma ND N 3 3 Suboptimal 8 Yes 9 RIP

37 63 Serous Papillary Adenocarcinoma ND N 3 2 Optimal 18 Yes 68 RIP

38 66 Serous Papillary Adenocarcinoma 60 EX 2 3 Optimal 45 Yes 88+ Alive

40 58 Peritoneal Serous Papillary 
Adenocarcinoma

ND Y 3 2 Optimal ND ND ND ND
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TCDOG Age Histology Weight Smoking Stage Grade Debulking
status

PFS Prog OS Status

50 65 Serous Papillary Adenocarcinoma 70 N 2 3 Optimal 14 Yes 27 RIP

52 60 Serous Papillary Adenocarcinoma ND N 3 2 Optimal 82+ No 82+ Alive

53 82 Serous Papillary Adenocarcinoma ND N 3 3 Suboptimal NA ND 0.5 RIP

55 68 Serous Papillary Adenocarcinoma 54.5 N 3 3 Optimal 2 Yes 4 RIP

62 64 Peritoneal Serous Papillary 
Adenocarcinoma

61 N 3 3 Optimal 23 Yes 69 RIP

68 69 Peritoneal Serous Papillary 
Adenocarcinoma

ND N 3 3 Optimal 10 Yes 13 RIP

74 71 Serous Papillary Adenocarcinoma ND N 1 3 Optimal 59 Yes 77+ Alive

77 51 Endometrioid adenocarcinoma 75 N 2 3 Optimal ND ND 23 RIP

80 63 Serous Papillary Adenocarcinoma 74.3 EX 2 3 Optimal 46 Yes 59+ Alive

83 65 Clear cell Carcinoma ND N 4 3 Suboptimal 0 Yes 2 RIP

86 51 Peritoneal Serous Papillary 
Adenocarcinoma

ND Y 3 3 Optimal 11 Yes 21 RIP

87 60 Serous Papillary Adenocarcinoma 55 N 3 3 Optimal 73+ No 73+ Alive

96 58 Clear cell Carcinoma ND Y 3 3 Optimal ND ND 30+ Alive
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TCDOG Age Histology Weight Smoking Stage Grade Debulking
status

PFS Prog OS Status

99 58 Clear cell Carcinoma 53 N 1 1 Optimal 82+ No 82+ Alive

109 60 Serous Papillary Adenocarcinoma ND EX 4 2 Optimal 4 Yes 9 RIP

115 61 Serous Papillary Adenocarcinoma ND N 3 3 Suboptimal 80+ No 80+ Alive

119 74 Serous Papillary Adenocarcinoma ND N 3 3 Optimal ND ND 21 RIP

120 60 Serous Papillary Adenocarcinoma 70 N 3 3 Suboptimal 15 Yes 35 RIP

123 65 Granulosa Cell Tumour 56 N 1 1 Optimal ND ND 15+ Alive

124 68 Peritoneal Serous Papillary 
Adenocarcinoma

53 EX 3 3 Suboptimal 9 Yes 18 RIP

128 47 Myelin Sarcoma ND Y 1 3 Optimal ND ND 8 RIP

133 74 Peritoneal Serous Papillary 
Adenocarcinoma

57 Y 3 2 Optimal ND ND 8 RIP

140 71 Carcinosarcoma ND N 3 3 Suboptimal 8 Yes 13 RIP

148 51 Serous Papillary Adenocarcinoma ND N 3 3 Optimal 5 Yes 8 RIP

157 70 Peritoneal Serous Papillary 
Adenocarcinoma

75 N 3 3 Optimal ND ND 2 RIP

159 60 Serous Papillary Adenocarcinoma ND N 3 3 Suboptimal 12 Yes 24 RIP
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TCDOG Age Histology Weight Smoking Stage Grade Debulking
status

PFS Prog OS Status

162 67 Serous Papillary Adenocarcinoma 95 EX 3 3 NA 4 Yes 6 RIP

168 83 Mucinous Adenocarcinoma 76 N 1 2 Optimal 65+ No 65+ Alive

175 79 Serous Papillary Adenocarcinoma 70 Y 3 3 Optimal ND ND 5 RIP

176 57 Serous Papillary Adenocarcinoma 85 N 1 2 Optimal ND ND 71 + Alive

177 76 Serous Papillary Adenocarcinoma ND Y 3 2 Suboptimal 9 Yes 13 RIP

179 23 Serous Papillary Adenocarcinoma ND N 1 1 ND 10+ No 10+ Alive

180 56 Serous Papillary Adenocarcinoma 77.6 N 1 1 Optimal ND ND 16+ Alive

184 57 Serous Papillary Adenocarcinoma 107 Y 4 3 Suboptimal 6 Yes 9 RIP

188 74 Serous Papillary Adenocarcinoma 62.5 EX 3 3 Optimal 38 Yes 69+ Alive

189 59 Serous Papillary Adenocarcinoma ND Y 3 3 Optimal 22 Yes 46+ Alive

198 55 Serous Papillary Adenocarcinoma 73 N 4 3 Optimal 22 Yes 42 RIP

201 51 M ucinous Adenocarcinoma ND Y 1 1 Optimal ND ND 4+ Alive

202 77 Serous Papillary Adenocarcinoma 57 EX 3 3 Optimal 0 Yes 3 RIP
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TCDOG Age Histology Weight Smoking Stage Grade Debulking
status

PFS Prog OS Status

207 53 Endometrioid adenocarcinoma 58 N 3 Optimal 20+ No 20+ Alive

208 48 Granulosa Cell Tumour ND Y 3 3 Optimal ND ND 57 RIP

211 59 Endometrioid adenocarcinoma ND Y 3 3 Suboptimal ND ND 1 RIP

213 58 Carcinosarcoma ND N 3 3 Optimal 58+ No 58+ Alive

214 69 Clear Cell Carcinoma 64 N 1 1 Suboptimal 16 Yes 24 RIP

224 70 Clear Cell Carcinoma ND N 1 1 Optimal 51 + No 51 + Alive

226 68 Serous Papillary Adenocarcinoma ND N 3 3 Optimal 48 Yes 51 + Alive

228 76 Serous Papillary Adenocarcinoma ND N 3 3 Optimal 0 Yes 4 RIP

231 50 Serous Papillary Adenocarcinoma 62 Y 1 3 Optimal ND ND ND ND

236 69 M ucinous Adenocarcinoma 95 EX 1 1 Optimal ND ND 43+ Alive

238 53 Endometriod adenocarcinoma 89 N 2 2 Optimal 43+ No 43+ Alive

239 60 Clear cell carcinoma 73 Y 1 1 Optimal 32 Yes 32+ Alive

240 74 Clear Cell&Serous 
Adenocarcinoma

79.2 ND 3 3 Optimal ND ND 30 RIP
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247 69 Carcinosarcoma 87 EX 3 3 Suboptimal 13 Yes 15 RIP

251 70 Serous Papillary Adenocarcinoma 60.7 N 3 3 Optimal ND ND 36 RIP

257 61 Serous Papillary Adenocarcinoma 70 N 1 3 Optimal 40+ No 40+ Alive

260 58 Serous Papillary Adenocarcinoma 81 N 3 3 Optimal 37 Yes 45 RIP

262 63 Peritoneal Serous Papillary 
Adenocarcinoma

51 EX 3 3 Optimal 14+ No 14+ Alive

268 64 Serous Papillary Adenocarcinoma 76 Y 1 3 Optimal 45+ No 45+ Alive

270 53 Clear cell carcinoma 93 N 2 2 Optimal 36+ No 36+ Alive

111 86 Serous Papillary Adenocarcinoma 50 N 2 3 Optimal ND ND ND ND

282 66 Serous Papillary Adenocarcinoma 61 EX 3 3 Optimal 40 Yes 45+ Alive

287 79 Serous Papillary Adenocarcinoma 72 Y 3 3 Optimal 37+ No 37+ Alive

294 59 Mucinous adenocarcinoma 60 N 1 2 Optimal 5 Yes 6+ Alive

298 80 Mixed Mullierian tumour 83 N 3 3 Optimal ND ND ND ND

299 78 Serous Papillary Adenocarcinoma 61 N 2 2 Optimal ND ND ND ND
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TCDOG Age Histology Weight Smoking Stage Grade Debulking
status
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303 58 Serous Papillary Adenocarcinoma 75 N 3 3 Optimal 41 + No 41 + Alive

304 79 Endometrioid adenocarcinoma 50 N 3 1 Optimal 5 Yes 23 RIP

311 59 Endometrioid adenocarcinoma 82 N 3 1 Optimal 0 Yes 2 RIP

315 60 M ucinous adenocarcinoma 60 Y 1 1 Optimal 15+ No 15+ Alive

318 60 Serous Papillary Adenocarcinoma 60 N 1 3 Optimal 36+ No 36+ Alive

320 78 Endometrioid adenocarcinoma 73 EX 3 3 Optimal 15 Yes 34 RIP

331 64 Serous Papillary Adenocarcinoma 121.4 N 3 3 Suboptimal 5 Yes 27 RIP

339 47 M ucinous adenocarcinoma 66 N 3 3 Optimal 9 Yes 28+ Alive

361 65 Endometrioid adenocarcinoma 65 N 3 3 Optimal 12+ No 12+ Alive

373 72 Serous Papillary Adenocarcinoma 63 Y 3 3 Optimal 20 Yes 26+ Alive

376 62 Serous Papillary Adenocarcinoma 75 N 3 3 Optimal 23+ No 23+ Alive

389 69 Endometrioid adenocarcinoma 57 Y 3 3 Suboptimal 0 Yes 21 + Alive

392 60 M ucinous adenocarcinoma 76 N 1 ND Optimal ND ND ND ND

379



TCDOG Age Histology Weight Smoking Stage Grade Debulking
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393 51 Endometrioid adenocarcinoma 57 EX 1 3 Optimal 6+ No 6+ Alive

408 54 Carcinosarcoma 52 N 3 3 Suboptimal 7 Yes 24+ Alive

414 83 Endometrioid adenocarcinoma 76 N 1 1 Optimal ND ND ND ND

424 53 Clear Cell Carcinoma 57 Y 1 1 Optimal 18+ No 18+ Alive

425 62 Serous Papillary Adenocarcinoma 70 EX 1 3 Optimal 28+ No 28+ Alive

433 82 M ixed Mullierian Tumour 75 N 2 2 Optimal 21 + No 21 + Alive

436 62 Carcinosarcoma 75 N 1 3 Suboptimal 2 Yes 3 RIP

438 57 Clear Cell carcinoma 76 EX 2 3 Optimal 14 Yes 16 RIP

444 54 Serous Papillary Adenocarcinoma 76 Y 3 3 Optimal 15+ No 15+ Alive

451 59 Clear Cell carcinoma 63 N 1 3 Optimal ND ND ND ND

457 62 Endometrioid Adenocarcinoma 60 N 1 2 Optimal 15+ No 15+ Alive

463 63 Serous Papillary Adenocarcinoma 90 N 3 3 Optimal 6 Yes 18+ Alive

469 61 M ixed Mullierian Tumour 87.8 N 1 ND 30+ No 30+ Alive
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473 52 Serous Papillary Adenocarcinoma 86.5 N 3 1 3 Optimal 6+ No 6+ Alive

474 60 Clear Cell Carcinoma 99.3 Y 1 1 1 Optimal 18+ No 18+ Alive

504 64 Endometrioid adenocarcinoma 77.2 Y 1 1 Optimal 12+ No 12+ Alive

507 56 Serous Papillary Adenocarcinoma 85.2 N 3 3 Optimal 14+ No 14+ Alive

510 54 Serous Papillary Adenocarcinoma 83 EX 3 3 Suboptimal 14+ No 14+ Alive

515 59 Serous Papillary Adenocarcinoma ND N 3 3 Optimal 7 Yes 12+ Alive

517 66 Serous Papillary Adenocarcinoma 62.6 N 3 3 Optimal 13+ No 13+ Alive

523 64 Serous Papillary Adenocarcinoma 84 EX 1 3 Optimal 12+ No 12+ Alive

538 63 Granulosa cell tumour 61 N 1 1 Optimal 9+ No 9+ Alive

547 59 Serous Papillary Adenocarcinoma 74.2 Y 1 1 Optimal 12+ No 12+ Alive

554 57 Clear Cell Carcinoma ND EX 3 3 Optimal ND ND ND ND

555 80 M alignant Brener Tumour 53 Y 1 1 Optimal 2+ No 2+ Alive

562 68 Serous Papillary Adenocarcinoma ND N 1 3 Optimal 7+ No 7+ Alive
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567 56 Serous Papillary Adenocarcinoma 66.9 Y 2 1 Optimal 5+ No 5+ Alive

568 64 Serous Papillary Adenocarcinoma ND Y 3 3 Optimal 7+ No 7+ Alive

571 56 Clear Cell Carcinoma 62 EX 3 3 Suboptimal 0 Yes 1 RIP

573 68 Carcinosarcoma 62 N 2 3 Optimal 8+ No 8+ Alive

574 82 Serous Papillary Adenocarcinoma 74 N 3 3 Optimal ND ND 5 RIP

580 62 Serous Papillary Adenocarcinoma 57 Y 3 3 Optimal 4 Yes 6+ Alive

582 55 Clear Cell Carcinoma ND Y 1 1 Optimal 7+ No 7+ Alive

587 59 M ucinous adenocarcinoma ND Y 3 3 Optimal 5 Yes 5+ Alive

591 64 Serous Papillary Adenocarcinoma 61.4 Y 3 3 Optimal 1 + No 1 + Alive

606 68 Clear Cell Carcinoma 53 N 3 3 Optimal ND ND ND ND

608 68 Mature teratoma ND ND 3 Optimal ND ND ND ND

613 63 Endometrioid adenocarcinoma 68 EX 2 3 Optimal ND ND ND ND

622 54 Mucinous adenocarcinoma 56 EX 1 2 Optimal ND ND ND ND

382



TCDOG Age Histology Weight Smoking Stage Grade Debulking
status
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631 59 Endometrioid adenocarcinoma ND N 1 2 Optimal ND ND ND ND

633 79 Endometrioid adenocarcinoma ND Y 2 2 Optimal ND ND ND ND
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A.3 Ovarian /Peritoneal Cancer and follow up in Neoadjuvant patients

TCDOG Age Histology Weight Smoking Stage Grade Debulking
status

PFS Prog OS Status

3 85 Clear Cell Carcinoma 54 N 3 3 Optimal 10 Yes 10+ Alive

5 71 Serous Papillary Adenocarcinoma 57 EX 3 2 Optimal 10 Yes 23 RIP

12 50 Serous Papillary Adenocarcinoma ND N 3 1 Optimal 34 Yes 72 RIP

26 78 Serous Papillary Adenocarcinoma ND EX 3 3 NA ND ND 24+ Alive

46 71 Peritoneal Serous Papillary 
Adenocarcinoma

54 N 4 3 Optimal ND ND 19 RIP

51 82 Serous Papillary Adenocarcinoma 71.4 N 3 3 Optimal 12 Yes 28 RIP

85 74 Serous Papillary Adenocarcinoma 79.1 N 3 3 Suboptimal 10 Yes 36 RIP

126 68 Peritoneal Serous Papillary 
Adenocarcinoma

ND N 4 3 Optimal ND ND ND ND

127 73 Serous Papillary Adenocarcinoma ND N 3 3 Optimal ND ND 61 RIP

153 58 Serous Papillary Adenocarcinoma 59 N 4 3 Optimal ND ND 8 RIP

191 76 Serous Papillary Adenocarcinoma 65 N 3 3 Optimal 5 Yes 8 RIP

206 67 Serous Papillary Adenocarcinoma 96.3 EX 3 2 Suboptimal 0 Yes 2 RIP
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210 46 Peritoneal Serous Papillary 
Adenocarcinoma

64 N 4 2 Optimal 33 Yes 56 RIP

217 54 Serous Papillary Adenocarcinoma 54 EX 3 3 Optimal 5+ No 5+ Alive

219 72 Serous Papillary Adenocarcinoma 69 Y 3 3 Suboptimal ND ND 21 RIP

222 70 Serous Papillary Adenocarcinoma ND N 3 3 Optimal 6 Yes 14 RIP

232 83 Serous Papillary Adenocarcinoma ND N 3 3 Optimal 35 Yes 54+ Alive

252 77 Serous Papillary Adenocarcinoma 58 N 4 3 Optimal 3 Yes 4 RIP

316 60 Serous Papillary Adenocarcinoma 67 N 3 3 Optimal 4 Yes 12 RIP

366 70 Serous Papillary Adenocarcinoma ND EX 3 3 Optimal 2 Yes 4 RIP

367 42 Serous Papillary Adenocarcinoma 67 N 3 3 Optimal ND ND ND ND

370 50 Serous Papillary Adenocarcinoma 63 Y 3 3 Suboptimal 18 Yes 27+ Alive

372 71 Peritoneal Serous Papillary 
Adenocarcinoma

57 N 3 3 Optimal ND ND ND ND

380 67 Peritoneal Serous Papillary 
Adenocarcinoma

68 N 3 3 Optimal 5 Yes 26 RIP

381 61 Serous Papillary Adenocarcinoma 63 N 4 3 Optimal 8 Yes 16+ Alive
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403 60 Serous Papillary Adenocarcinoma 76 N 3 3 Optimal 8 Yes 20 RIP

410 78 Serous Papillary Adenocarcinoma 82 EX 3 3 Optimal ND ND ND ND

418 58 Clear Cell Carcinoma 76 Y 3 3 Optimal 23 Yes 23+ Alive

All 27 Serous Papillary Adenocarcinoma 57 N 3 1 Optimal 22+ No 22+ Alive

432 71 Serous Papillary Adenocarcinoma 80 EX 3 3 Suboptimal 4 Yes 8 RIP

441 67 Serous Papillary Adenocarcinoma 70 N 2 3 Suboptimal 22+ No 22+ Alive

462 40 Serous Papillary Adenocarcinoma 95.8 EX 3 3 Optimal 7 Yes 18 RIP

471 65 Serous Papillary Adenocarcinoma 61.6 EX 3 3 Optimal 18+ No 18+ Alive

482 60 Serous Papillary Adenocarcinoma 75.5 N 3 3 Optimal 8+ No 8+ Alive

489 81 Serous Papillary Adenocarcinoma ND N 3 3 Suboptimal 2 Yes 3 RIP

490 59 Serous Papillary Adenocarcinoma 69 EX 3 3 Optimal 7 Yes 14+ Alive

497 69 Serous Papillary Adenocarcinoma 71 ND 3 3 Optimal 2 Yes 6 RIP

499 63 Serous Papillary Adenocarcinoma 63 N 3 3 Optimal 3 Yes 4+ Alive
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505 55 Serous Papillary Adenocarcinoma 53 Y 3 3 Optimal 9 Yes 9+ Alive

506 65 Serous Papillary Adenocarcinoma 76.6 N 3 3 Optimal 12+ No 12+ Alive

510 54 Serous Papillary Adenocarcinoma 83 EX 3 3 Suboptimal 14+ No 14+ Alive

512 75 Serous Papillary Adenocarcinoma 56 N 3 3 Optimal 1 Yes 12 RIP

520 69 Serous Papillary Adenocarcinoma ND N 3 3 Optimal 11 + No 11 + Alive

532 53 Serous Papillary Adenocarcinoma 107 N 3 3 Optimal 1 + No 1 + Alive

540 53 Serous Papillary Adenocarcinoma 42 Y 3 3 Optimal 6+ No 6+ Alive

543 47 Serous Papillary Adenocarcinoma 62 Y 3 3 Optimal 4+ No 4+ Alive

544 72 Serous Papillary Adenocarcinoma 67.7 N 3 3 Optimal 3+ No 3+ Alive

552 65 Serous Papillary Adenocarcinoma 66.3 N 3 3 Suboptimal 0 Yes 3 RIP

553 69 Serous Papillary Adenocarcinoma 76.3 Y 3 3 Optimal 5+ No 5+ Alive

558 52 Serous Papillary Adenocarcinoma 64 N 3 3 Optimal 9+ No 9+ Alive

568 64 Serous Papillary Adenocarcinoma ND Y 3 3 Optimal 7+ No 7+ Alive
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570 79 Serous Papillary Adenocarcinoma 73.3 N 3 3 NA 0 Yes 2 RIP

584 68 Serous Papillary Adenocarcinoma 71.2 N 3 3 Optimal ND ND ND ND

588 52 Serous Papillary Adenocarcinoma 51 Y 3 3 Optimal 5+ No 5+ Alive

598 55 Serous Papillary Adenocarcinoma ND EX 3 3 Optimal 1 + No 1 + Alive

615 38 Serous Papillary Adenocarcinoma 92 N 3 3 Optimal ND ND ND ND

618 53 Serous Papillary Adenocarcinoma 64 N 3 3 Optimal ND ND ND ND

619 50 Serous Papillary Adenocarcinoma 70 N 3 3 Optimal ND ND ND ND

623 55 Serous Papillary Adenocarcinoma 98 Y 3 3 Optimal ND ND ND ND
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[For Chapter 4]
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B.l Profiling of chemo samples (card a)

PRJE= Preoperative, P 0=  Postoperative, PC= Prechemo, MC= Midchemo, POC= Postchemo, Blank cells= Undetermined microRNA

Detector 373PRE 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401PR 40 IPO 401MC 401POC

hsa-let-7a 35.37 32.28 34.073 31.6 34.265 34.265 28.7205

hsa-let-7c 33.79 31.09 30.5093

hsa-let-7d 29.66 31.51 30.994 27.24 34.76 36.347 30.04 30.007 30.007 26.7688

hsa-let-7e 27.47 39.38 31.96 28.85 28.92 24.94 29.67 39.98 30.054 27.2 27.217 27.217 24.7016

hsa-let-7f 35.9 32.28 38.23 32.48 29.7358

hsa-let-7g 28.67 35.85 31.69 31.247 26.45 30.1 30.94 29.738 29.738 27.2492

hsa-miR-1 37.99 27.8 39.8827

hsa-miR-
10a

32.832

MammU6 29.91 32.848 35.69 30.23 28.868 25.03 30.32 32.64 30.634 30.958 23.49 29.051 25.7125

MammU6 30.88 33.513 33.47 30.03 27.788 24.97 29.32 31.14 30.766 31.455 23.93 29.624 29.624 26.0663

hsa-miR-
15a

34.41 39.394 32.37 32.2413

hsa-miR-
15b

27.48 39.51 29.13 29.326 25.19 37.54 38.01 38.07 29.04 30.001 30.001 25.2625

hsa-miR-16 22.76 31.982 27.34 22.98 23.159 19.32 28.58 30.58 29.596 29.891 22 25.455 25.455 20.6713

hsa-miR-17 23.71 24.98 24.298 21.11 29.27 31.36 33.089 30.318 25.06 26.128 26.128 20.8193

hsa-miR-21 29.08 31.3 31.47 27.91 32.57 32.2 31.767 31.767 27.4733
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Detector 373PRE 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 401PO 401MC 401POC

hsa-miR-
18a

31.36 33.34 31.915 29.87 33.31 33.985 33.985 29.5243

hsa-miR-
18b

35.85 35.54 36.459 36.459 38.1825

hsa-miR-
19a

27.62 29.55 29.029 24.86 30.64 34.34 32.85 32.944 30.96 28.175 28.175 23.7614

hsa-miR-
19b

24 30.06 25.26 24.326 20.44 27.49 30.86 29.836 28.73 25.21 24.737 24.737 21.0237

hsa-miR-
20a

25.14 25.65 25.617 21.99 29.6 32.74 37.659 30.919 26.4 26.785 26.785 22.0309

hsa-miR-
20b

28.03 28.61 28.544 24.78 32.22 34.83 33.239 28.89 28.324 28.324 24.2698

hsa-miR-22 39.31 34.5954

hsa-miR-
23a

15.6271

hsa-miR-
23b

39.91 14

hsa-miR-24 29.02 29.67 30.25 29.747 25.26 34.95 27.86 29.663 29.663 1 1.5329

hsa-miR-25 28.48 29.9 29.049 26.14 32.1 29.96 32.26 32.26 26.4431

hsa-miR-
26a

28.29 29.34 29.486 25.54 33.386 30.98 30.517 30.517 33.0407

hsa-miR-
26b

28.17 33.53 29.13 29.774 25.5 29.17 33.681 34.047 32.16 29.446 29.446 32.212

hsa-miR-
27a

33.86 33.458 31.97 13.87 33

hsa-miR-31 35.14 31
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Detector 373PRE 373PO 373PC 373Mc 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-
27b

12 19.95 17.8362

hsa-miR-
28-3p

38.19 29.82 21.01 33.22 32.453 32.453 32

hsa-miR-
28-
5p

32.72 21.25 31 19

MammU6 29.89 32.771 34.29 30.12 28.936 24.98 23 31.898 31.166 23.42 29.322 29.322 27.2197

MammU6 30.17 32.949 34.48 29.94 28.591 24.32 29.39 25 32.173 31.723 23.34 29.116 29.116 26.5408

hsa-miR-
29a

31.65 39.11 34.45 30.06 32.62 35.442 35.442 34.4521

hsa-miR-
29b

36 19.62 38.33 14.4241

hsa-miR-
29c

33.07 35.33 32.89 30.89 23 34.41 30.681 31.417 35.58 21.2744

hsa-miR-
30b

26.94 30.93 28.59 27.75 23.83 15.18 32.06 31.748 27.99 27.715 27.715 17.6815

hsa-miR-
30c

26.35 30.28 28.83 27.586 23.45 30 38.038 32.064 27.96 27.935 27.935 23

hsa-miR-32 32.04 32.85 30.82 34.82 20.2694

hsa-miR-
33b

26 32.2 28.92 30.71 16.8748

hsa-miR-
34a

22 33.02 28.334 32.66 27 33.18 21.4985

hsa-miR-34c-5p 37.577 14.76 28.577 29 36.59 33.424 33.424 21

hsa-miR-93 19 33.78 25.87 13.32 32.517 29.83 29.13 29.13 36
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Detector 373PRE 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-
92a

35 22.995 33 33.42 11.955 23.84 34.81 36.833 31.805 26.58 27.761 27.761 24.2575

hsa-miR-96 35.12 33.05

hsa-miR-
99a

34.76 33.55 32.75 33.621 33.621 30.8554

hsa-miR-
99b

34.2 35.38 35.12 33.8762

hsa-miR-
100

36.1 32.28 32.261 32.261 31.3943

hsa-miR-
101

31.5 32.95 30.02 31.9332

hsa-miR-
103

31.94 31.79 33.597 29.46 34.71 32.34 34.416 34.416 28.9826

hsa-miR-
106a-

23.68 34.12 24.98 24.55 21.19 29.96 32.34 33.615 30.527 25.23 26.385 26.385 21.1844

RNU44-
4373384

27.22 35.31 36.82 31.64 33.69 33.702 33.702 30.9378

hsa-miR-
106b-

28.05 29.27 28.916 25.6 33.61 32.7 30.12 29.75 29.75 26.2856

hsa-miR-
107

36.38

hsa-miR-
125a-5p-

34.97 31.93 31.65 33.043 33.043 33.5451

hsa-miR-
125b

32.9046

hsa-miR-
126

25.55 34.892 30.94 26.32 27.07 22.24 31.45 32.06 31.196 24.97 29.339 29.339 24.3053
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Detector 373PRE 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401PR 40 IPO 401MC 401POC

hsa-miR-
127
-3p

33.2365

hsa-miR-98 33.29

hsa-miR-
128

34.49

hsa-miR-
130a

33.32 33.52 31.54 33.79 32.2683

hsa-miR-
130b

31.34 39.29 32.58 31.2372

hsa-miR-
132

37.8 34.55 31.679 28.88 32.16 29.7817

hsa-miR-
134

34.7 37.54 34.7 37.504 37.504 33.6542

hsa-miR-
133a

31.4 35.4432

hsa-miR-
135a

34.6584

hsa-miR-
136

37.87

hsa-miR-
139-5p

33.68 30.77 30.9449

hsa-miR-
140-3p

32.6 37 33.69 33.121 28.29 36.6 37.67 29.69 35.209 35.209 29.7757

hsa-miR-
140-5p

31.2 32.37 31.635 27.61 30.75 33.77 34.584 32.07 32.655 32.655 26.3366

hsa-miR-
142-3p

27.17 28.11 28.185 25.61 30.93 34.81 29.65 28.947 28.947 25.4738
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Detector 373PRE 373PO 373PC 373Mc 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 401PO 401MC 401POC

hsa-miR-
142-5p

32.07 34.695 32.93 34.6829

hsa-miR-
143

33.6035

hsa-miR-
145

32.69 33.573 30.33 35.4 34 31.552 31.552 29.5815

hsa-miR-
146a

30.72 32.55 31.3 31.169 25.77 34.08 29.31 30.807 30.807 26.9075

hsa-miR-
146b-5p

32.41 30.93 32.18 31.057 26.34 31.49 28.18 30.849 30.849 26.3513

hsa-miR-
148a

32.52 33.6763

hsa-miR-
150

28.72 31.824 28.96 28.37 27.514 24.09 31.981 34.454 24.77 29.491 29.491 25.1974

hsa-miR-
152

35.65 34.093 33.27

hsa-miR-
148b

35.53 31.2877

hsa-miR-
153

37.5701

hsa-miR-
181a

31.74 34.08 34.79 38.1274

hsa-miR-
181c

39.43

hsa-miR-
182

34.63 34.918 33.14 29.35 33.833 31.18 31.682 31.682 28.34

RNU48 30.17 31.14 30.433 26.29 34.2 35.28 33.964 33.772 27.63 31.573 31.573 27.5721
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Detector 373PRE 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-
183

34.55 39.001 30.91 33.523 33.523 32.1521

hsa-miR-
184

39.75 31.6729

hsa-miR-
185

30.61 32.06 32.175 28.65 33.66 33.651 33.651 28.5723

hsa-miR-
186

28.75 30.34 29.72 27.833 24.76 36.77 34.105 28.84 30.511 30.511 24.9978

hsa-miR-188-3p 36.73

hsa-miR-
190

32.44 33.32 32.9623

hsa-miR-
191

26.09 30.039 26.4 26.14 24.962 21.53 28.59 30.01 30.18 31.275 23.53 25.94 25.94 21.6138

hsa-miR-
192

31.01 32.82 32.18 30.164 27.03 33.58 31.23 35.197 35.197 28.3406

hsa-miR-193a-5p 34.75 34,2256

hsa-miR-
194

30.96 32.35 29.915 28.05 31.94 29.226 29.226 29.7729

hsa-miR-
193b

31.9 32.9638

hsa-miR-
195

28.65 34.23 29.66 30.156 25.53 35.78 36.2 34.319 28.53 30.738 30.738 26.9881

hsa-miR-
196b

38.217 31.18 32.65 31.1278

hsa-miR-
197

32.57 34.24 32.81 31.907 28.69 34.15 30.29 31.499 31.499 28.6068
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Detector 373PRE 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-
199a-3p

35.11 31.23 35.151 35.151 32.881

hsa-miR-
200c

32.34 30.9577

hsa-miR-
202

36.37

hsa-miR-
203

34.721

hsa-miR-
210

32.11 36.17 31.978

hsa-miR-
215

38.95 37.75 32.1991

hsa-miR-
218

39.5429

hsa-miR-
221

36.25 32.42 34.997 34.997 30.6982

hsa-miR-
222

29.37 31.38 28.46 28.088 23.61 31.37 31.89 31.031 25.63 27.888 27.888 24.1325

hsa-miR-
223

24.16 31.64 24.68 24.201 20.07 27.09 30.71 32.929 30.369 24.39 22.598 22.598 20.7569

hsa-miR-296-5p 36.49 32.66 35.46 35.375 35.68 34.945 34.945 33.3546

hsa-miR-
301a

32.06 33.15 32.131 29.52 34.73 33.733 33.733 30.4617

hsa-miR-
301b

32.51 34.93

hsa-miR-
302a

36.31
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Detector 373PRE 373PO 373PC 373Mc 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

ath-
miR159a

38.99

hsa-miR-
302c

34.55 37.29 35.421 29.1542

hsa-miR-
320

27.42 31.91 28.2 27.945 24.02 32.02 36.022 25.54 31.061 31.061 24.4291

hsa-miR-
323-3p

31.63 35.62 36.818 33.43 39.9287

hsa-miR-
324-3p

33.65 35.137 30.11 31.27 34.682 34.682 30.6249

hsa-miR-
324-5p

32.71 35.281 33.65

hsa-miR-
328

32.822 29.01 34.41 35.741 35.741 30.2309

hsa-miR-330-3p 36.96

hsa-miR-
331-3p

30.45 34.48 32 31.04 28.11 35.073 28.86 32.484 32.484 27.8521

hsa-miR-331-5p 35.123

hsa-miR-
335

31.98 33.114 33.114 34.696

hsa-miR-
339-3p

34.29 31.56 34.476 33.6525

hsa-miR-
339-5p

34.329

hsa-miR-
340

34.63 34.82 31.0915

399



Detector 373PRE 373PO 373PC 3 73 Me 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

has-miR-
155

34.06 28.85 33.79 29.85 31.939 31.939 30.0736

hsa-let-7b 28.76 38.54 28.88 29.41 25.49 34.3 27.86 30.644 30.644 24.2019

hsa-miR-
342-3p

32.22 33.693 30.97 31.68 31.156 26.89 34.48 35.119 36.101 28.28 31.032 31.032 26.8693

hsa-miR-342-5p 38.46 38.4135

hsa-miR-
345

33.08 32.987 30.88 32.37 33.1846

hsa-miR-362-3p 33.1

hsa-miR-
362-5p

34.01 34.065 34.63 31.7842

hsa-miR-
363

32.92 31.17 33.676 33.676 32.0743

hsa-miR-
365

35.39 37.75 33.2959

hsa-miR-
367

40 37.9 39.51 34.0353

hsa-miR-
370

32.8706

hsa-miR-
374a

28.04 36.07 29.25 29.448 26.09 36.011 30.24 32.087 32.087 27.1988

hsa-miR-
374b

29.81 30.8 31.355 26.54 37.169 33.31 31.051 31.051 27.1132

hsa-miR-
376a

34.72
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Detector 373PRE 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-
425

30.35 33.2 31.18 31.864 28.18 29.97 34.357 34.357 27.9692

hsa-miR-
381

37.35 35.2529

hsa-miR-
411

34.84 32.61

hsa-miR-
422a

33.2326

hsa-miR-
423-5p

34.46 32.72 32.4399

hsa-miR-
451

24.5 32.45 25.97 26.144 22.68 30.5 34.35 32.589 33.092 28.59 27.083 27.083 24,3797

hsa-miR-
454

28.96 33.291 29.63 28.2 27.862 23.88 31.88 32 33.695 31.304 25.27 27.259 27.259 23.6984

hsa-miR-483-5p 32.968

hsa-miR-
484

26 29.936 25.12 26.59 25.248 21.4 27.69 30.34 29.892 29.289 23.59 25.676 25.676 21.5478

Detector 373PR 373PO 373PC 373Mc 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-
485-3p

38.79 34.85 35.12 33.7678

hsa-miR-486-3p 35.611 37.91 34.33 34.604 34.604 34.3481

hsa-miR-
486-5p

29.69 36.147 29.86 29.92 28.496 25.89 32.72 36.21 37.346 36.616 26.25 32.587 32.587 25.246

hsa-miR-
487a

39.788 39.5719
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Detector 373PRE 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-
487b

34.8 33.263 33.263

hsa-miR-
489

39.43

hsa-miR-
491
-5p

39.096 32.22 33.21 31.966

hsa-miR-
494

35.06

hsa-miR-
495

35.2387

hsa-miR-
500

36.46 36.08 33.03 33.0493

hsa-miR-
501-5p

36.79 38.72 33.43 31.5833

hsa-miR-
502-3p

35.61 35.9131

hsa-miR-518d-3p 35.23 36.08 39.116 39.116

hsa-miR-
518f

35.98 39.57

hsa-miR-
519a

31.885

hsa-miR-
522

32.33

hsa-miR-
532-3p

30.99 32.64 31.015 28.8 34.81 33.48 31.34 34.406 34.406 28.3042
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Detector 373PR 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-
532-5p

30.94 36.82 35.48 30.934 28.18 37.42 32.17 31.681 31.681 27.4903

hsa-miR-
539

33.97

hsa-miR-
545

32.52 35.28 34.6607

hsa-miR-
548a-3p

34.94 35.38

hsa-miR-548c-3p 35.06 38.12

hsa-miR-
574-3p

32.18 27.65 31.08 31.08 26.8668

hsa-miR-
579

32.95

hsa-miR-
590-5p

32.21 33.75 31.19 27.96 31.68 28.721

hsa-miR-
597

32.79

hsa-miR-
598

27.34 35.008 28.39 39.07 30.658 30.658 38.9098

hsa-miR-
618

36.68 36.679 39.624 31.2617

hsa-miR-
625

36.64 34.729 35.62 33.8751

hsa-miR-
628-5p

38.16 35.76 39.27 32.48 33.37 33.7009

hsa-miR-
629

31.86 37.0442
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Detector 373PR 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-
636

34.09 32.91 34.41 31.2599

hsa-miR-
652

31.92 33.1 34.566 29.84 32.72 33.494 33.494 30.5994

hsa-miR-
660

31.37 33.01 33.617 28.84 39.06 34.3 34.255 34.255 29.5125

hsa-miR-
744

32.82 34.04 33.827 33.827 30.8274

hsa-miR-
758

36.7856

hsa-miR-
874

37.459

hsa-miR-885-3p 37.6 39.802 37.04

hsa-miR-886-5p 31.62 29.6137

hsa-miR-
888

39.28

hsa-miR-
212

33.32 33.7 34.24

hsa-miR-
346

33.61

hsa-miR-
506

38.85

hsa-miR-
517b

25.094

hsa-miR-
520b

36.1
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B.2 Profiling of chemo samples (card b)

Detector 373PR 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

dme-miR-7 31.98 36.33 32.355 30.287

hsa-miR-30a-3p 33.93 33.612 33.604

hsa-miR-30a-5p 29.03 28.48 28.3654 26.91 33.13 32.072 29.29 25.713 24.923

hsa-miR-30d 29.28 30.44 31.876 29.93 35.771 35.876 33.3 28.399 27.442

hsa-miR-30e-3p 30.45 36.9 32.67 30.8699 31.06 32.19 36.753 32.135 32.57 28 28.76

hsa-miR-34b 37.91 38.26

hsa-miR-126 28.66 29.31 30.725 27.07 33.93 31.82 26.924 26.699

hsa-miR-154 35.01

U6 snRNA 25.4 33.46 34.13 26.64 25.1536 22.87 27.49 29.65 29.699 27.631 32.16 27.01 19.543 22.932

U6 snRNA 24.58 34.5 34.57 27.85 24.4898 23.09 27.82 29.87 29.388 28.567 32.38 28.07 19.862 22.487

hsa-miR-206 39.82

hsa-miR-213 34.571

hsa-miR-378 39.29 35.64 32.542 33.47

hsa-miR-432 39.77 35.484 30.72 31.425 33.324

hsa-miR-500 35.38 35.239

hsa-miR-1238 23 33.859
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Detector 373PR 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-488 11.659 16

hsa-miR-517 34 17.08 22.46 36

hsa-miR-516-3p 38.68 31.5007 26.342 35.696

hsa-miR-518c 34.1192 20

hsa-miR-519e 24 12.849 32.01 30.917

hsa-miR-520h 14.67 35.82 24 13.008

hsa-miR-524 14.54 19 27.31 37 24.803

mmu-let-7d 14.06 36.42 21

hsa-miR-363 28.63 36 35.01 36.95 37 20

U6 snRNA 24.61 22 14.52 15.3108 23.08 23.5 27 29.54 29.355 27 28.97 14.741 22.617

U6 snRNA 24.89 15 14.02 19 22.91 21 23.15 25.194 29.331 32.23 28.61 15.204 22.696

mo-miR-7 35.43 8.023 31.13 15 14.687 22.02 32.17 21.971 29.216

hsa-miR-656 25 5 24.78 30 15 25

hsa-miR-549 18 14 12 29

hsa-miR-657 29 15.11 4.032 30 32.15

hsa-miR-658 19 30 23.04 32.76 33.758

hsa-miR-659 14 26 18.22 14.156 38.545

hsa-miR-551a 16 21 29.31 31 25.57 5.0369
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Detector 373PR 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-552 15.17 29 25.54 32.62 5.003 34 4.0083

hsa-miR-553 31.7 32.09 29.56

hsa-miR-554 22.39 32.23 26.199 37 33.02

hsa-miR-555 33 12.07 20.58 13.03 1.01 6.0538

hsa-miR-557 30.96 18.971 15.81 14.27 12.165 20 16.04 24.045

hsa-miR-559 36.29

hsa-miR-564 33.07

hsa-miR-566 36.87 37.715

RNU44 31.57 37.6512 30.46 39.43 33.448 32.57 25.571 27.444

hsa-miR-588 37.95

hsa-miR-589 39.69 33.981

hsa-miR-550 39.8

hsa-miR-591 37.56

hsa-miR-592 37.835

hsa-miR-623 38.04

hsa-miR-600 39.514 32.36

hsa-miR-624 35.817

hsa-miR-601 39.293 34.717
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Detector 373PR 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-629 34.91 35.47 31.787 34.091

hsa-miR-603 34.6393 33.705

hsa-miR-635 35.963

hsa-miR-645 33.08 33.392 31.264

RNU48 28.42 29.14 28.8057 25.79 30.99 32.19 33.239 32.623 31.04 28.17 21.639 25.239

hsa-miR-571 34.52 35.9474 35.47 34.67 36.72 39.881 33.452 34.81 36.144 38.965

hsa-miR-573 36.03 39

hsa-miR-584 39.54 37.24 36.135 32.131

rno-miR-29c 35.9622 36.63 38.3

hsa-miR-766 36.05 38.8 35.1342 31.05 33.91 31.75 27.764 29.403

hsa-miR-767-3p 25.82 26.9 26.172 25.636 28.41 27.455 25.988

hsa-miR-454 35.43 36.5942 34 37.894 39.533

hsa-miR-769-5p 33.247

hsa-miR-505 35.81 34.82 34.2704 33.57 34.82 30.828 30.062

hsa-miR-222 34.965

hsa-miR-223 37.13 34.892 31.98 33.76 29.127 32.025

hsa-miR-361-3p 36.84

hsa-miR-374a 34.728

408



Detector 373PRE 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-377 38.83 31.42 33 36.4439 32.63

hsa-miR-92a-l 35.23

hsa-miR-93 32.17 33.36 32.3351 28.6 34 34.019 30.6 27.449 26.604

hsa-miR-100 36.04 35.073

hsa-miR-144 26.23 27.95 27.7482 24.22 32.29 32.66 34.277 30.346 29.02 24.16 23.073

hsa-miR-145 36.555

hsa-miR-148b 32.47 31.675 31.89

hsa-miR-15b 36.05 35.3 32.322 32.735

hsa-miR-939 37.28 35.855

hsa-miR-941 35.477

hsa-miR-942 31.41 34.14 33.0777 29.14 34.86 33.77 28.745 28.441

hsa-miR-99b 39.26 35.2761 33.81 39.53 38.376 34.024 38.137

hsa-miR-875-5p 36.52 38.48 18.4 19.91 19.536 17.733 18.39 19.408

hsa-miR-892b 36.8 39.653 39.61

hsa-miR-378 32.66 37.59 32.778 30.55 33.04 34.72 37.55 35.7 32.09 28.203 27.772

hsa-miR-151-3p 30.26 30.5 28.7121 27.73 32.26 30.47 33.951 32.664 35.52 26.485 26.206

hsa-miR-340 34.3 34.2 33.82 31.436 32.062

hsa-miR-190b 39.11 34.841
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Detector 373PRE 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-183 30.74 37.19 36.4862 29.85 38.67 32.98 29.37 29.076

hsa-miR-192 35.06 36.66

hsa-miR-22 37.61 39.44 35.1 32.433 33.429

hsa-miR-425 35.09 32.3 34.2 30.296 34.69

hsa-miR-424 34.19 31.462 33.562

hsa-miR-20b 39.36

hsa-miR-34a 32.35 31.37 33.61 33.013 30.713 33.86 30.997 30.878

hsa-miR-181a-2 35.33 33.431

hsa-miR-409-3p- 38.66 38.3389 33.2 30.04 26.68 29.854

hsa-miR-483-3p 34.743 32.856

hsa-miR-543 34.411

hsa-miR-106b 38.58 31.378 31.688

hsa-miR-302a 36.343 32.89

hsa-miR-519b-3p 27.59 31.681 30.908

hsa-miR-520c-3p 36.47 39.79 37.62 36.1155 34.85 34.21 32.01 34.699 33.71 38.41 35.822 33.345

hsa-miR-550 36.0739 38.017

hsa-miR-15a 35.61 35.35 35.39 39.961 38.6 38.3 36.584

hsa-miR-16-1 36.49 35.267 31.884
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Detector 373PRE 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-18a 34.4 36.1546 33.21 33.803 32.819

hsa-miR-19b-l 34.73 34.24 35.0562 34.2 39.93 35.21 38.145 35.501 32.191 32.449

hsa-miR-625 34.62 35.74 32.7901 30.07 33.75 33.03 33.8 30.209 30.11

hsa-miR-628-3p 33.51 36.12 33.69 36.47 33.829 34.636

hsa-miR-20a 34.27 35.53 34.76 33.361 30.904

hsa-miR-23a 37.012

hsa-miR-24-2 37.833 38.568

hsa-miR-25 39.523 35.97

hsa-miR-26a-l 36.19 35.668 35.394

hsa-miR-26b 34.48 33.606 33.912

hsa-miR-27a 31.052 36.192

hsa-miR-29a 39.186

hsa-miR-151-5P 32.26 34.96 32.7748 30.35 34.179 32.22 29.348 28.501

hsa-miR-338-5P 33.92 31.89 36.5963 35.44 36.59 38.091 37.653 35.43 33.874 31.067

hsa-miR-144 29.98 32.46 32.7077 28.84 33.11 28.488 27.417

hsa-miR-590-3P 34.67 34.78 36.0271 32.07 35.258 35.952

hsa-miR-191 34.54

hsa-miR-520D-3P 38.29 33.91 29.33 24.57 31.076 31.141 24.14 20.872 18.224
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Detector 373PRE 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

has-miR-1305 37.59 35.47 36.59 38.69 35.88 32.045 34.55 34.163

hsa-miR-1227 33.74 34.99 35.1264 36.3 34.43 34.233

hsa-miR-1179 37.268

hsa-miR-1271 34.36 33.019 36.661

hsa-miR-1201 32.843

hsa-miR-1255B 33.61 32.3914 31.35 37.61 34.987 39.65 33.761

hsa-miR-1270 34.8327 34.513 37.231

hsa-miR-1254 30.467 29.967

hsa-miR-1285 38.91 37.3563 38.7 38.58

hsa-miR-1292 34.9

hsa-miR-1288 34.04 33.0195 2.573

hsa-miR-1275 39.27 29.912 38.141

hsa-miR-3208 39.7909 32.22 29.847 31.706

hsa-miR-1180 33.79 36.27 33.14 30.555

hsa-miR-1262 37.87 39.83

hsa-miR-1243 37.1 34.96 31.22 33.287 35.19 28.166 29.077

hsa-miR-663B 36.73

hsa-miR-1298 37.47 39.0451 35 38.302 35.664 36.322
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Detector 373PRE 373PO 373PC 373MC 373POC 376PR 376PO 376PC 376MC 376POC 401 PR 40 IPO 401MC 401POC

hsa-miR-1290 33.97 38.44 27.58 37.22 39.564 32.158

hsa-miR-1249 35.39 36.86 33.492 37.811

hsa-miR-1204 38.39

hsa-miR-1208 34.689

hsa-miR-1274A 33.51 33.48 31.7838 29.17 35.4 37.877 32.3 26.62 28.318

hsa-miR-1274B 28.26 27.43 27.0043 24.43 30.37 33.5 32.57 32.989 30.63 22.494 23.634

hsa-miR-720 27.75 28.49 27.5065 23.98 29.87 33.03 32.06 33.712 28.58 21.935 24.289

hsa-miR-1260 37.7522 33.77 30.514 32.31

hsa-miR-664 36.99 33.782

hsa-miR-1300 34.97
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Appendix C 
[ForChapter 5]

414



C .l Raw data the microRNA detected in the pilot study

Negative control values are replaced by 42 (1-10= samples included in the pilot study)

Target_name 1 10 2 3 4 5 6 7 8 9 blc

hsa-let-7a-5p 34.8816714 34.9048641 33.714800 33.7471919 33.6540622 34.5150804 35.7346123 33.7889595 34.237557 34.31750 40

hsa-let-7b-3p 35.1875073 35.1203558 34.217551 35.8317 34.4421824 35.6054817 36.9142049 34.9070012 36.657102 34.41669 42

hsa-let-7b-5p 31.9566926 30.7544261 30.034446 31.0739865 30.4390227 31.2295939 31.8553523 30.9531380 31.820638 29.83152 42

hsa-let-7c 37.2052598 37.4654808 36.136157 36.1797481 36.1555239 36.6543122 38.3865118 36.5035809 36.871513 36.74612 40

hsa-let-7d-3p 32.5807541 33.0061392 31.689253 * 31.3462823 31.7922217 33.2391328 32.2547969 32.967834 31.64697 40

hsa-let-7d-5p 35.0764520 36.0950265 34.987093 34.7287077 34.6030655 35.4587535 36.7227212 34.2317120 36.119615 34.70839 42

hsa-let-7e-5p 36.0701476 35.1353794 36.160803 34.9402736 36.2584133 35.510228 40 35.2845466 34.954270 36.21696 42

hsa-let-7f-5p 34.7769274 33.7222317 34.224620 33.9277712 33.2002017 34.1328378 35.8882592 33.9020930 32.912273 33.79138 42

hsa-let-7g-5p 32.9998618 31.5405652 30.915153 31.9423531 30.4976774 31.6133286 32.2686786 31.2649730 32.230356 30.54119 42

hsa-let-7i-3p * * 40 36.8233325 35.457888 35.6721847 38.2661964 35.6840885 36.883837 38.33529 42

hsa-let-7i-5p 33.0690413 33.0056342 31.744143 32.4106353 31.7595987 32.0630724 33.3149645 32.8480546 33.173092 32.07233 42

hsa-miR-1 36.5538482 36.4135670 36.638856 37.4523133 36.0403515 36.1924621 37.2235939 * 38.852651 37.04064 42

hsa-miR-101-3p 30.3495800 29.5430093 28.654682 29.469522 28.880912 29.1631207 30.6073214 29.5930631 30.101334 28.67617 42
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Target_name 1 10 2 3 4 5 6 7 8 9 blc

hsa-miR-103a-
2-5p

* 38.3608047 36.430031 36.4995146 35.8750453 35.8404750 37.2874475 37.1755268 40 36.85298 42

hsa-miR-103a-
3p

30.7459329 30.6189985 29.785108 30.352627 29.5992616 30.1933465 31.2068291 30.2480076 30.586008 30.14929 40

hsa-miR-106a-
5p

30.7328280 30.0925741 28.719042 30.1518787 28.9193286 30.2007571 30.7338919 29.8134080 31.205898 29.31601 42

hsa-miR-106b-
3p

36.0080019 35.2568496 34.940234 40 34.5343701 37.0532526 36.7328852 36.0018086 40 36.77227 42

hsa-miR-106b-
5p

35.3434737 35.4375999 33.461892 34.7447389 33.6034185 34.5392272 35.6732818 35.7188550 35.980847 34.22310 40

hsa-miR-107 31.1368080 31.6316151 30.273260 31.0479083 30.4758286 30.7988554 32.6696555 30.7762717 31.688135 31.23245 42

hsa-miR-10a-5p 38.0609243 37.1732113 35.290058 34.6884752 35.8114184 37.1082540 40 36.5976718 36.979624 35.52320 42

hsa-miR-10b-5p 35.5386762 34.4289795 34.525191 34.0097143 35.7239897 35.3484028 36.8600248 36.9058263 35.009858 33.66470 42

hsa-miR-122-5p 30.4991500 28.6460519 29.314161 29.6043163 28.5048595 30.6842650 32.2480329 28.0688722 29.534680 29.47711 37

hsa-miR-125a-
5p

* 32.5735277 ♦ 32.7864239 33.0976614 31.7596373 34.4661015 * 32.361468 32.21490 35

hsa-miR-125b-
5p

34.6364808 33.0632384 33.811612 34.000397 34.0113996 34.2849682 35.0067108 32.9868831 33.792984 32.66456 42

hsa-miR-126-3p 28.6501179 28.0262739 27.921023 28.0773896 27.9313797 * 29.4222381 28.5780597 28.318876 27.98616 42

hsa-miR-127-3p 37.6409583 36.9819860 35.840365 36.6673739 34.6375066 38.2653730 * 35.2760462 37.936821 40 42

hsa-miR-128 35.1602256 36.7708296 35.094978 35.9279962 33.8192191 35.600457 35.4365473 * 37.199729 34.16488 42

hsa-miR-130a-
3p

33.8030486 35.3230446 33.639975 * 33.7591679 33.0215119 34.8630946 34.0681078 34.919519 34.93041 42
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Target_name 1 10 2 3 4 5 6 7 8 9 blc

hsa-miR-15 la-
3p

33.7827022 33.3375544 33.499945 33.1026137 32.5872012 33.2245427 34.9107603 33.7798318 33.745907 33.00545 42

hsa-miR-151a-
5p

33.4874205 33.4223361 32.860513 32.9484833 32.4336342 33.0766695 35.2784724 32.8429985 33.340147 32.87370 40

hsa-miR-152 34.8955167 33.8961350 33.924516 34.72024 34.0173836 33.8912922 35.4783148 33.6594365 34.150548 33.13994 42
hsa-miR-154-5p 35.6477703 35.6640634 33.943803 * 33.5787413 * 33.1167326 35.8498386 ♦ * 42
hsa-miR-155-5p 36.9974584 37.5681713 36.102569 36.7957839 36.4064252 36.7651423 40 * * 36.73404 42
hsa-miR-15a-5p 28.0511228 28.4803834 26.800158 27.4966552 27.4288383 27.5199187 28.5156616 28.3306797 28.578265 27.25858 38
hsa-miR-15b-3p 35.5829143 33.632329 34.2450241 34.7141713 34.4604803 35.9820984 34.5879843 36.052291 33.90680 42
hsa-miR-15b-5p 30.4665104 30.1718380 29.264100 29.9860656 28.5251294 30.1325637 31.1330398 29.9736756 30.240692 29.92526 42
hsa-miR-16-2- 
3p

34.2137636 34.1713997 31.981509 31.8482572 33.3046834 32.2291903 33.7096883 34.0872185 34.495158 33.46204 42

hsa-miR-16-5p 26.8724042 26.6897878 25.071337 25.901474 26.2720222 25.5643324 27.0403660 27.3351972 27.613460 25.79767 39
hsa-miR-17-5p 34.7421447 34.6255717 32.914561 34.0158769 32.9640831 33.9237140 34.5947221 33.7588825 34.259981 33.53347 40

hsa-miR-181a-
5p

33.1539196 33.2474559 33.053813 33.5610806 32.8388447 33.8751083 34.6045282 33.0198270 33.465253 32.23922 40

hsa-miR-182-5p 36.5674010 * 37.415019 35.6779356 ♦ ♦ * 35.2320002 * 37.05922 40
hsa-miR-185-5p 31.1848244 30.7258683 29.252524 30.5944477 30.3884231 30.1394248 30.9348849 30.2951095 31.322315 30.16204 42

hsa-miR-186-5p 33.4461109 32.5501836 31.873031 32.2772715 31.2653769 32.7929670 33.1304796 32.1737015 33.136006 31.71836 40

hsa-miR-18a-3p 30.9931826 35.0773779 36.055532 37.499085 36.8068055 37.8802603 36.9024478 35.8908786 36.995287 35.55489 42

hsa-miR-18a-5p 35.3088137 34.8736978 33.721388 34.674052 34.1595631 34.4718087 36.0337366 33.8995569 35.425100 33.98088 42

hsa-miR-18b-5p 40 34.9641114 33.515493 33.6211779 32.9848399 34.8739435 34.5333242 32.7422704 35.752919 33.15724 40

hsa-miR-191-5p 33.6056346 32.5244312 31.931785 33.4773797 31.2091631 32.7136929 33.9351741 32.2633212 33.650423 32.11013 40

418



Target_name 1 10 2 3 4 5 6 7 8 9 blc

hsa-miR-192-5p 33.8141902 32.1960831 31.842704 32.6312173 31.5947223 32.9277914 34.4816517 31.4807759 33.208244 31.73982 42
35.2099340 35.5785888 33.844519 35.1209969 34.1037578 33.9576101 34.0354040 33.0997091 34.954048 35.24221 37

hsa-miR-194-5p 35.5470972 35.2807554 34.502203 34.5239716 34.5237882 34.7628944 35.9441424 33.9534898 34.891878 33.83013 42
hsa-miR-195-5p 35.8978368 34.7032779 35.015968 35.2132132 35.1449591 35.7646601 35.9330392 35.9423270 37.019453 33.79197 42
hsa-miR-197-3p 33.2185856 32.9364613 31.907176 32.9977254 31.2081604 33.1894513 34.2235663 32.3280393 33.440304 31.42700 40
hsa-miR-199a-
5p

32.8707251 33.7578496 32.758473 33.7803165 31.5037032 33.1099358 34.7175665 32.2469690 33.673049 33.31399 40

hsa-miR-199b-
3p

32.8014390 33.5357960 32.820653 32.9177932 31.0790912 33.8172079 33.6562344 32.7360356 33.149567 32.33239 42

hsa-miR-19a-3p 32.2360489 32.4864840 30.989966 31.9073749 31.1581024 31.9068921 33.2771038 31.6967940 33.357834 32.45568 38
hsa-miR-19b-3p 28.0700111 27.6299335 26.518383 27.1842161 26.6443701 27.6822674 28.2160432 27.8111605 28.777077 27.05857 40
hsa-miR-200c-
3p

36.6021991 39.5789459 32.977857 * 37.0832671 ♦ 37.0404311 * 40 36.27912 39

hsa-miR-205-5p 35.0633776 35.2927008 35.854855 33.1023861 35.8411623 32.6748354 36.9447980 35.5494911 36.799681 34.19537 39

hsa-miR-20a-3p 35.7606148 40 * 35.7170639 35.9493076 40 * 35.8008344 37.028350 * 42

hsa-miR-20a-5p 29.8204104 28.9993148 27.577720 29.1365613 27.914052 * 29.5820601 29.1210806 30.080543 28.30711 42

hsa-miR-20b-5p 36.7229505 35.3022785 34.736325 40 37.5852437 36.0504337 36.4860004 39.2811000 36.117873 35.33438 42

hsa-m iR-210 34.5214799 33.8570024 33.082238 32.5177852 33.7840285 33.2194483 35.6412859 33.5075132 35.229644 33.11195 42
hsa-m iR-2110 37.4687397 36.8394184 34.454253 37.1700148 * 36.7664051 36.4468295 * 38.884737 36.46472 42
hsa-m iR-215 36.7040685 34.0228386 33.425582 34.6077795 34.0062762 34.5140621 35.5148478 33.7448279 34.556425 34.57097 42

hsa-miR-2 l-5p 27.9509831 27.3132713 27.212358 27.2883504 26.9053884 27.2199757 28.8510088 27.2530250 28.006569 26.59395 40
hsa-miR-221-3p 31.9164467 31.6936002 31.036006 31.6437096 29.8735627 30.8836337 32.0981306 31.1928921 31.333083 31.45340 42

419



Target_name 1 10 2 3 4 5 6 7 8 9 blc

hsa-miR-223-3p 26.4481895 25.6012855 24.868430 26.100055 23.2828438 27.0923768 26.3065048 25.8857810 26.766748 24.57743 42
hsa-miR-223-5p 34.7267527 34.1197614 33.859444 34.1299637 33.0130143 36.5090717 35.2943444 34.0920698 35.825060 33.59078 42
hsa-miR-22-3p 32.7192027 33.7143216 31.785437 32.0634354 31.5616523 32.1258989 34.0136792 32.064906 32.586528 32.64245 42
hsa-miR-22-5p 34.683787 34.9715227 33.788060 33.4283182 33.1087389 34.7442652 35.4993428 33.3321277 34.781370 34.68367 42
hsa-miR-23a-3p 29.0222883 28.8903627 28.323788 28.5709312 27.5345879 29.3167701 29.6616255 29.0634031 29.429615 27.79414 42
hsa-miR-23b-3p 31.9990438 31.5282869 31.119983 31.931619 30.5007465 32.0788821 32.4867944 31.6593902 31.760230 30.93768 42
hsa-miR-24-3p 29.0240489 28.7045136 28.136388 28.8852264 27.1360102 29.3481420 29.6448914 28.7816426 29.247453 28.04906 42
hsa-miR-25-3p 31.5746283 31.5211969 30.210779 30.8350108 30.7712147 30.7527921 31.7140772 31.5141225 32.256107 30.67224 42
hsa-miR-26a-5p 31.5829792 31.3087885 31.093153 31.590699 30.5239696 31.5879772 32.8590738 31.3679472 31.679300 30.87605 42
hsa-miR-26b-5p 33.6201195 33.0082645 31.798846 32.8725719 31.8387482 33.1881279 34.3015322 32.8786404 33.183512 31.68396 42
hsa-miR-27a-3p 29.6853904 29.7574849 28.929615 29.1586793 27.9888095 29.6302371 30.1063977 29.4464137 29.449779 28.78410 42
hsa-miR-27b-3p 31.0883549 30.8943805 30.617490 31.0904816 29.8109805 31.1794015 32.1661860 30.8155246 31.491845 30.64339 42
hsa-miR-28-3p * 35.3035002 35.686425 * 34.502688 37.0243287 40 34.3285679 35.305097 34.88331 38
hsa-miR-28-5p 36.8435812 36.9130326 36.791047 35.8980798 34.273668 36.7873904 37.0324725 35.0024496 35.851720 34.71393 42
hsa-miR-297 36.8032559 37.4344240 37.336613 * * * 38.2801113 36.2155614 37.746500 37.48682 38
hsa-miR-29a-3p 31.9022525 32.5779733 31.020979 31.759524 30.4551836 31.8688655 32.6377540 31.6982876 32.298189 30.68035 42
hsa-miR-29a-5p * 36.6287490 35.645646 36.5937063 36.9040536 40 40 35.6543559 40 40 42
hsa-miR-29b-2-
5p

33.7597306 37.8472575 36.755602 40 ♦ * ♦ 33.6176484 * * 42

hsa-miR-29b-3p 34.9824574 35.1085454 33.796162 35.8312211 33.5535004 34.5733745 35.2705585 34.9411337 35.933846 33.27418 42
hsa-miR-29c-3p 31.2593205 31.7428649 30.208936 30.7922881 30.0085385 30.9945430 31.7211548 30.9875165 31.581309 30.53387 42
hsa-miR-301a-
3p

35.0556842 36.1133068 34.500089 36.8290751 34.7227009 36.0050870 40 34.9632940 35.456103 34.49234 42

hsa-miR-30a-5p 36.0199254 35.1736152 * 34.9586009 35.8629445 35.1761291 40 36.7077977 * 34.33017 42
hsa-miR-30b-5p 32.9668100 32.5880222 31.956061 32.3475267 31.8929653 32.6502028 34.2294929 32.1015363 33.032823 32.01998 42
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T arget_name 1 10 2 3 4 5 6 7 8 9 blc

hsa-miR-374a-
5p

36.6235620 36.0530542 35.568693 36.7852694 35.5165688 36.5487351 40 35.8873134 36.166898 35.83696 42

hsa-miR-374b-
5p

34.9630788 34.2255330 34.699342 36.0114262 33.8157021 34.8821445 36.9957984 35.0130583 35.664391 34.13978 42

hsa-miR-375 35.6282389 33.6658417 34.338177 32.8388728 34.5780273 38.1968170 36.8175841 35.2745295 34.262020 31.69111 40
hsa-miR-376a-
3p

37.2785416 36.2227221 34.651321 36.9503329 34.1252897 36.4665562 37.3279600 34.1482985 36.996588 37.04262 40

hsa-miR-378a-
3p

32.9770013 33.0833079 31.929430 33.0827468 32.5740089 33.8476864 34.4921071 32.7459536 33.525543 32.53300 38

hsa-miR-382-5p 35.8183182 40 34.478414 35.8234186 34.1900074 36.7558753 35.8354988 33.4860154 37.068168 35.23363 42
hsa-miR-409-3p 40 36.2302148 35.778851 35.3414942 33.8499586 36.2425943 36.737811 34.6894015 !|! 35.69384 42
hsa-miR-421 37.3243697 38.0000964 37.465887 36.5698189 35.5780706 35.9194667 37.0809102 36.8826388 37.632132 37.03094 42
hsa-miR-423-3p 33.6738229 32.4260103 32.452854 33.2832852 31.2089181 33.4273274 33.3337996 32.7706586 33.294157 32.49537 42
hsa-miR-423-5p 32.1605012 32.8843133 31.832413 31.4400735 31.2755246 31.6017115 32.8252187 32.4376177 31.783618 31.78964 37
hsa-miR-424-5p 29.4726801 30.6642936 29.634231 29.874355 28.5371237 30.5674025 30.6274736 30.5640308 30.012611 29.48413 38
hsa-miR-425-3p 35.3256719 34.8807596 * * 33.7524146 34.7645277 36.4303907 35.0702050 35.031894 34.28314 42
hsa-miR-425-5p 31.6162726 31.2699147 30.292827 31.4397073 29.9957205 31.2706892 32.2689854 31.4387592 32.081804 30.88102 42
hsa-miR-451a 23.9262110 24.0308585 21.990842 22.9492364 24.1006092 22.544273 24.2928203 24.6565306 25.596857 23.23995 40
hsa-miR-484 32.1754077 31.8001648 30.908151 31.3777532 30.9318857 30.9281075 32.1871887 31.6164266 32.743784 31.15552 42
hsa-miR-486-5p 30.5691639 29.9037085 28.138337 29.2112044 30.324467 28.6044693 30.1332323 29.7462493 30.877773 29.13102 42
hsa-miR-495-3p 36.1392106 34.6516572 33.971057 37.075385 32.9141277 34.8984274 35.0150615 34.4218272 36.019436 33.64252 38
hsa-miR-497-5p 33.7769890 35.2218791 34.443610 33.4419615 33.992419 * 35.1903551 33.6320685 34.585235 32.62911 42
hsa-miR-500a-
5p

37.0983143 36.7189449 37.813900 36.8070433 35.8750178 * 37.1893745 40 * 35.24864 42

hsa-miR-501-3p 40 36.9346916 35.482395 35.9034715 35.8965574 35.8008257 35.9685122 * 36.880314 37.90320 42
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Target_name 1 10 2 3 4 5 6 7 8 9 blc

hsa-miR-502-3p 35.1481759 35.0515113 34.102303 34.1293427 35.0037472 35.5340855 35.8508762 34.5749984 36.795712 35.97216 42

hsa-miR-505-3p * 33.9647644 35.746542 35.0769027 33.1234205 35.1637204 36.2241252 33.8862740 33.968945 34.14581 40
hsa-miR-532-3p 34.7302447 34.8492173 34.270987 33.8603687 36.1188792 34.0254111 34.9317605 36.5874598 37.231685 34.41970 42

hsa-miR-532-5p 35.7633266 35.8585079 34.499851 35.2787645 34.5822527 34.9683437 36.4824654 33.7635135 36.510830 35.34648 42

hsa-miR-543 * 35.5885124 35.494885 40 35.0224172 * * 36.0974576 36.178613 35.79610 42

hsa-miR-551b-
3p

* * * * 34.6596323 * * 35.5618596 37.722438 36.6539 42

hsa-miR-574-3p 35.0097171 34.0323262 33.594567 33.9907658 32.8654968 33.2205824 34.6813386 33.7885376 34.865597 34.03827 42

hsa-miR-584-5p 36.4421442 35.5346177 37.160359 35.5098243 32.4939764 34.8882931 37.9190775 * 35.057630 34.95707 40

hsa-miR-590-5p 32.9720849 32.4231620 31.984749 32.7282936 31.7930192 33.2089228 34.9569260 32.7550829 34.884943 32.05872 42

hsa-miR-605 32.7620367 33.5692534 33.234809 * 33.7116537 32.5358813 35.4780516 32.9430464 32.966974 * 34
hsa-miR-629-5p 34.2952025 36.3885724 * 36.7893324 34.5153472 37.8356546 35.5703644 36.7724892 * 34.87514 42
hsa-miR-652-3p 34.1000789 33.7979202 33.014359 32.9533065 32.269924 33.4225420 34.4289336 33.2354903 33.748651 32.99481 40
hsa-miR-660-5p 35.589263 35.2976966 34.066028 33.6395657 34.0406762 33.9852040 36.1069183 34.5585039 35.305794 33.07109 42
hsa-miR-766-3p 36.0854811 35.6582674 34.437311 * 34.8482808 35.8606312 36.8082855 36.2857204 35.604501 36.05533 42
hsa-miR-885-5p 36.5817999 35.8380346 35.648749 36.4486268 34.7965059 36.1548895 37.3412373 35.6684574 36.786312 36.58107 40
hsa-miR-92a-3p 28.1133612 28.2823942 26.982338 27.1134742 27.7935256 27.4439180 28.7343354 28.2878787 28.870828 27.50157 42
hsa-miR-92b-3p 37.7721589 40 35.606020 35.0241557 35.7173866 35.8629429 * 40 * 38.39987 42

hsa-miR-93-3p * 35.7482586 34.454658 35.5706462 34.4751414 36.7419343 36.7502343 35.1379946 40 34.94395 40
hsa-miR-93-5p 30.2991036 29.7164982 28.666558 30.461561 28.4230708 30.2062201 30.4697614 29.7900676 31.064167 28.98524 42
hsa-miR-95 36.5072740 36.7186662 37.165598 35.7837905 40 40 * 36.8222761 36.661375 40 42
hsa-miR-99a-5p 33.4449313 32.3635113 32.78859 32.7423054 32.3724368 33.4710543 34.4302598 32.1906029 32.727384 31.43199 42

hsa-miR-99b-5p 33.8180725 33.0621579 33.890031 33.7530546 33.3564046 34.0066766 34.9033458 34.8861198 34.045611 33.04379 42
obsolete hsa- 
miR-1974

30.3315971 31.6015947 32.900567 31.7612894 31.7104211 31.6923779 32.4957661 29.9178094 32.524217 31.59654 42
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Target_name 1 10 2 3 4 5 6 7 8 9 blc

obsolete_hsa-
miR-720

* 29.1275031 * * 28.6951547 28.0844983 sfc 28.4584278 28.460889 * 42

UniSp3 21.7448637 21.7887553 21.660887 21.6560869 21.8313425 21.5420712 21.9712344 21.7771185 22.021590 21.97550 22
UniSp6 24.4979594 24.6328290 24.694267 24.7781611 24.9245872 24.669975 25.0599176 24.5836367 24.886626 24.57902 25
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c.2 Raw data for the microRNAs detected in the benign samples of the validation study

Target
name

101 117 155 171 212 241 243 272 278 429 434 443 460 470 472 527 577 590 599 611 Blank

let-7i-
5p

32.8 31.06 32.06 32.56 37.77 32.61 34.77 31.68 30.34 31.31 32.52 34.21 31.08 33.69 33.52 32.28 32.02 32.5 32.78 35.7 42

miR-
101-3p

30.63 28.61 30.16 29.89 33.83 29.88 31.35 28.28 27.91 29.45 30.51 30.61 28.85 30.8 31.55 30.15 29.55 29.83 30.49 32.29 42

miR- 
103 a- 
3p

29.56 28.56 29.77 29.58 33.8 29.8 32.33 29.61 28.18 28.88 29.46 30.83 28.52 31.23 30.31 29.7 28.65 29.45 29.62 30.91 42

miR-
122-5p

29.09 28.97 31.93 29.71 31.82 28.97 32.96 29.35 29.74 28.24 31.7 32.02 30.77 29.63 27.56 31.93 28.25 29.27 29.63 30.66 42

miR-
125b-
5p

34.46 33.13 34.63 31.9 38.26 34.57 36.5 34.69 33.97 33.18 36.11 35.94 34.87 34.96 36.83 35.26 33.59 33.67 33.45 40 42

miR-
140-3p

33.63 30.29 34.16 31.23 34.83 30.88 34 31.08 30.6 30.47 34.02 33.45 29.47 32.5 31.46 30 30.78 30.6 30.87 33.01 42

miR-
152

37.33 34.08 35.59 33.61 40 34.06 36.53 33.86 33.71 32.66 36.74 40 32.98 35.89 33.06 33.66 33.1 33.32 34.58 34.64 42

miR-
15a-5p

28.65 26.51 26.72 27.84 28.24 27.82 28.29 25.62 25.85 28.67 27.6 27.87 27.06 28.42 31.04 27.66 27.91 28.69 28.06 26.7 42

miR-
16-2-
3p

33.71 31.42 35.14 34.21 35.94 33.03 36.46 31.64 32.58 33.53 36.72 35.48 30.77 34.47 33.61 32.51 + 32.76 33.82 33.85 42

miR-
16-5p

28.58 26.34 28.95 28.07 30.27 28.6 29.24 26.47 25.54 27.94 28.32 28.66 27.71 29.45 31.61 27.43 26.89 28.15 28.17 30.18 42

miR-
23a-3p

30.74 28.93 32.03 28.83 33.68 29.57 33.11 29.57 28.63 27.49 32.61 32.26 27.55 31.3 28.89 28.33 28.59 28.04 29.03 31.73 42

Target
name

101 117 155 171 212 241 243 272 278 429 434 443 460 470 472 527 577 590 599 611 Blank
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Target
name

101 117 155 171 212 241 243 272 278 429 434 443 460 470 472 527 577 590 599 611 Blank

miR-
25-3p

32.06 29.72 32.64 31.32 34.17 30.71 33.99 29.75 29.98 30.94 33.45 32.72 28.59 32.99 31.43 30.85 30.79 30.6 31.72 31.69 42

Target
name

101 117 155 171 212 241 243 272 278 429 434 443 460 470 472 527 577 590 599 611 Blank

miR-
27b-3p

31.6 31.85 31.74 31.82 34.04 33 34.83 31.22 29.82 31.73 31.26 32.89 31.02 33.03 36.16 31.73 31.01 32.2 31.87 31.68 42

miR-
29c-3p

32.42 30.72 30.61 30.76 32.82 31.47 33.52 30.95 29.53 31.43 31.21 31.96 30.64 31.82 33.99 31.65 30.76 31.72 31.71 31.12 42

miR-
30b-5p

31.54 31.68 29.56 32.45 32.92 32.72 32.19 31.84 30.76 31.89 31.22 31.95 30.93 32.95 34.91 32.76 31.47 32.55 31.18 29.55 42

miR-
32-5p

32.18 30.97 33.54 32.68 35.85 32.01 34.77 30.18 30.26 31.06 35.71 34.78 29.49 33.15 30.71 32.57 31.44 30.99 32.46 33.12 42

miR-
342-3p

34 32.95 33.25 32.92 34.2 32.76 35.74 33.6 31.28 31.81 33.72 34.95 30.38 34.05 33.03 32.94 31.75 32.28 32.75 33.26 42

miR-
363-3p

35.5 33.13 35.61 35.88 36.87 34.81 40 31.89 32.86 35.53 * 34.84 33.59 35.86 38.52 35.31 33.97 34.63 34.56 35.09 42

miR- 
423-3 p

33.45 32.98 34.2 32.48 35.88 32.48 35.7 32.77 31.54 31.04 32.79 34.59 29.99 33.97 31.89 32.23 31.22 31.93 32.79 32.83 42

miR-
652-3p

33.93 31.82 34.51 33.27 37.04 33.33 39.33 32.87 31.47 31.62 34.59 35.72 30.87 35.21 32.97 32.79 32.09 32.48 32.64 35.71 42

miR-
92a-3p

27.23 25.42 25.77 27.06 26.18 27.58 25.13 24.17 25.1 27.71 25.83 26.04 25.53 27.29 30.59 26.97 27.51 28.24 26.55 24.91 42

miR-
99a-5p

33.96 33.3 34.35 32.45 36.26 33.19 37.64 34.06 33.06 32.57 37.87 35.83 33.08 34.47 31.66 33.91 33.26 32.58 33.34 36.29 42

UniSp6
CP

26.18 26.35 27.74 26.61 27.33 26.61 29.47 27.53 25.99 26.22 27.97 28.58 26.58 30.03 26.34 25.66 26.81 25.26 26.79 26.81 28.9
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c.3 Raw data for the microRNAs detected in the malignant samples of the validation study

Target
name

37 38 177 188 189 202 257 277 299 463 481 510 515 517 523 567 574 591 641 661 Blank

let-7i-5p 33.77 33.83 31.03 32.84 34.34 38.26 33.88 33.48 32.89 40 33.25 35.97 31.21 33.11 32.51 32.63 33.3 36.69 33.51 31.64 42

miR-
101-3p

31.25 31.09 28.43 29.17 29.53 30.47 30.33 30.61 30.96 37.21 29.63 30.89 28.46 29.33 29.3 30.33 30.11 32.44 28.98 29.53 42

miR-
103a-3p

30.72 30.46 28.73 30.53 29.85 30.3 29.85 29.86 29.61 33.65 30.43 30.7 28.54 30 29.14 29.91 29.83 33.59 28.84 28.68 42

miR-
122-5p

31.58 30.07 26.37 30.84 30.23 31.19 30.64 33.06 34.78 37.24 31.77 30.54 30.96 33.54 30.5 29.38 30.99 33.6 29.93 30.74 42

miR-
125b-5p

35.08 35.51 32.45 31.21 33.54 34.72 33.89 34.72 32.31 * 35.47 * 33.49 36.19 33.96 33.81 34.45 37.71 33.61 33.84 42

miR-
140-3p

32.11 31.45 30.04 31.57 32.16 35.84 33.31 31.22 32.8 35.25 31.8 36.02 29.64 32.12 31.59 31 34.61 34.05 31.28 30.57 42

miR-
152

36.12 34.51 32.68 34.04 35.29 36.09 35.02 34.23 35.7 40 35.52 40 34.51 35.82 35.33 34.21 36.66 40 35.2 33.64 42

miR-
15a-5p

28.8 29.46 26.52 28.29 27.21 28 27.59 28.48 28.48 30.79 26.52 28.56 26.97 26.47 26.34 28.52 28.1 27.31 27.1 27.26 42

miR-16-
2-3p

34.31 32.74 31.74 33.48 34.73 36.18 34.18 33.11 34.83 * 32.87 ♦ 32.14 34.21 36.05 34.89 35.96 37.38 32.81 32.69 42

miR-16-
5p

29.13 29.78 26.9 27.55 28.12 29.22 27.52 29.29 29.55 35.92 26.93 29.62 26.88 27.22 27.33 28.14 29.02 30.22 27.74 27.15 42

miR-
23a-3p

29.76 29.67 28.85 29.03 29.97 32.96 31.94 28.9 29.42 33.74 32.31 32.87 27.22 30.47 30.27 28.91 32.14 32.28 30.02 28.2 42

miR-25-
3p

32.71 31.64 29.84 30.86 33.06 33.8 31.85 31.45 33 36.83 31.31 * 29.71 32.21 31.99 31.43 34.02 34.78 31.07 30.82 1 42
1

miR-
27b-3p

32.88 33.06 30.72 30.89 30.73 31.31 30.89 33.44 32.78 36.22 32.54 32.23 29.92 31.04 32.65 31.81 32.26 32.05 31.32 31.79 1 42
1

miR-
29c-3p

32.63 33.05 29.78 30.05 30.44 31.1 31.26 32.6 32.26 36.43 30.97 32.04 29.25 29.69 30.89 31.42 30.97 31.69 30.15 30.86 1 42
1
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T arget 
name

37 38 177 188 189 202 257 277 299 463 481 510 515 517 523 567 574 591 641 661 Blank

hsa-
mlR-
30b-5p

31.9 32.75 31.02 33.34 30.72 31.07 31.02 32.45 31.44 33.13 32.68 31.89 31.29 30.56 30.92 31.67 31.75 30.67 30.51 30.61 42

miR-32-
5p

32.76 30.87 31.26 30.66 33.69 34.82 32.6 31.87 31.53 37.32 32.6 33.91 31.06 32.54 33.66 31.64 34.53 35.12 31.01 31.58 42

miR-
342-3p

33.66 34.06 33.55 31.84 33.51 37.59 33.05 33.56 33.86 36.74 33.6 37.08 31.72 34.37 33.71 31.93 33.89 36.63 33.14 32.5 42

mlR-
363-3p

+ 36.2 33.62 ♦ 33.52 ♦ ♦ 36.74 * ♦ 33.31 36.95 33.58 32.69 34.44 * 36.19 * 34.11 33.81 42

miR- 
423-3 p

33.45 32.65 30.87 31.66 32.93 34.53 32.79 32.33 32.59 ♦ 35.93 34.09 30.44 33.91 33.73 31.95 34.5 34.46 32.04 31.79 42

miR-
652-3p

33.71 33.45 32.95 33.59 33.1 35.73 33.96 32.79 34.07 40 35.59 35.51 31.61 34.42 35.07 33.05 36.27 36.03 33.25 32.14 42

miR-
92a-3p

26.69 27.31 25.69 27.13 25.73 25.83 25.67 27.55 27.07 29.87 25.59 26.65 26.07 24.99 25.45 27.75 26.7 25.72 25.22 25.88 42

mlR-
99a-5p

35.56 32.67 30.88 31.5 33.72 35.1 34.86 33.93 34.99 36.29 35.46 36.67 33.22 35.44 34.99 33.31 36.21 40 34.48 33.61 42

UniSp6
CP

26.85 26.18 26.18 26.34 27.95 28.48 26.22 26.22 26.97 25.99 26.73 31.21 25.17 29.05 28.11 25.78 27.83 27.9 28.25 26.8 28.9

For the negative control blank, values are replaced by 42. For the samples, any value more than 5 C p's away from the lowest negative control 

When detection o f  a particular microRNA fails, this in indicated by a star (" * ")
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Appendix D 
[For Chapter 6]
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D.l Premenopausal (Benign) HE4, CA125 and ROMA

TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI

2 BCYST 32.614 3.484742 76.924 4.342818 -3.43445 ~ 3 T 2 3 ^

4 BCYST 22.554 3.115912 8.131 2.095684 -4.45294

25 BCYST 34.853 3.551139 94.011 4.543412 -3.26387 " l 6 8 3 l ^

29 BCYST 27.687 3.320963 24.758 3.209149 -3.89522 T 9 9 3 3 5 T

54 BCYST 46.424 3.837817 9.961 2.298677 -2.7221

88 BCYST 54.438 3.997062 6.511 1.873493 -2.36971 8.551176

107 BCYST 56.293 4.03057 49.785 3.907714 -2.16262

118 BCYST 29.712 3.391551 41.801 3.73292 -3.69443 2.425857

132 BCYST 26.149 3.263811 71.895 4.275207 -3.9645 1.862405

134 BCYST 22.313 3.105169 516.32 6.246727 -4.21865 1.450499

151 BCYST 142.181 4.957101 2747.35 7.918392 0.293591 57.28752

166 BCYST 35.339 3.564987 93.201 4.534758 -3.23145 3.799904

169 BCYST 57.776 4.056573 33.408 3.508795 -2.1257 10.66235

215 BCYST 45.849 3.825353 63.817 4.15602 -2.63549 6.688885

230 BCYST 18.778 2.932686 1376.807 7.227522 -4.56776 1.027448

235 BCYST 21.872 3.085207 49.76 3.907211 -4.41262 1.197821

237 BCYST 26.103 3.26205 16.777 2.820009 -4.05979 1.696007

245 BCYST 21.546 3.07019 14.413 2.668131 -4.52592 1.070881

249 BCYST 36.954 3.609674 11.294 2.424272 -3.25722 3.706843

253 BCYST 23.32 3.149311 23.98 3.17722 -4.30574 1.331125

261 BCYST 23.489 3.156532 14.122 2.647734 -4.32171 1.310325

263 BCYST 21.339 3.060536 13.62 2.611539 -4.55244 T043l4T”



■ fC D O G Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA

■  283 BCYST 30.769 3.426508 113.815 4.734574 -3.54853 2.796257

■ 335 BCYST 33.034 3.497537 21.817 3.082689 -3.48288 2.980315

■  344 BCYST 28.275 3.341978 11.92 2.478218 -3.89096 2.001695

■T77 BCYST 22.965 3.133971 10.055 2.30807 -4.39666 1.216848

■ T79 BCYST 25.814 3.250917 12.061 2.489977 -4.10695 1.61915

p 8 4 BCYST 19.93 2.992226 23.728 3.166656 -4.68027 0.919125L

BCYST 28.182 3.338683 14.804 2.694897 -3.88523 2.012953

1  394 BCYST 29.487 3.383949 108.313 4.685025 -3.65292 2.526076

|T 9 6 BCYST 24.503 3.198796 181.874 5.203314 -4.06114 1.693756

1  402 BCYST 25.352 3.232858 39.619 3.679309 -4.07547 1.670052

1  406 BCYST 27.952 3.330489 30.264 3.409959 -3.85997 2.063384

409 BCYST 26.611 3.281325 7.853 2.060896 -4.06144 1.693263

417 BCYST 40.407 3.699003 54.759 4.002942 -2.94579 4.993593

419 BCYST 30.306 3.411346 10.036 2.306179 -3.73663 2.327943

422 BCYST 35.472 3.568744 132.802 4.888859 -3.20035 3.915265

452 BCYST 32.308 3.475315 47.601 3.862854 -3.48694 2.968624

501 BCYST 22.305 3.104811 191.31 5.253895 -4.28166 1.363137

513 BCYST 30.446 3.415955 39.039 3.664561 -3.64063 2.556518

522 BCYST 39.79 3.683616 15.987 2.771776 -3.05948 4.480988

531 BCYST 57.884 4.058441 244.748 5.500229 -1.9966 11.95608

549 BCYST 34.358 3.536835 93.419 4.537095 -3.29831 3.562918

550 BCYST 82.31 4.410493 10.549 2.356031 -1.35554 20.49661

‘ 480 BG 67.062 4.205618 41.122 3.716543 -1.75797 14.70442
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TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI RO M ^

22 B M 34.145 3.530616 12.502 2.525889 -3.43901 3.109'$

63 B M 31.072 3.436307 16.183 2.783961 -3.64731 2.539'%

84 B M 49.442 3.9008 16.259 2.788647 -2.54153 7.2997^

164 B M 140.842 4.947639 17.203 2.845084 -0.04652 48.83"^

196 B M 36.396 3.594459 9.514 2.252764 -3.30416 3.54285T

302 B M 22.626 3.1191 7.473 2.011297 -4.45064 1 .1 5 3 ^

345 B M 39.344 3.672343 174.611 5.162561 -2.93665 5.03714T

351 B M 25.861 3.252736 53.601 3.981568 -4.00924 1.782365

359 B M 29.937 3.399095 29.6 3.387774 - -3.69808 2.41723

404 B M 30.097 3.404425 13.875 2.630089 -3.73282 2.336614

466 B M 69.987 4.24831 22.579 3.11702 -1.6939 15.52639

514 B M 28.834 3.361555 12.764 2.546629 -3.84008 2.103971

534 B M 46.356 3.836351 20.916 3.040514 -2.67915 6.421499

566 B M 68.152 4.221741 19.448 2.967744 -1.76648 14.5981

70 B S 56.808 4.039677 6.809 1.918245 -2.26549 9.4022

250 B S 55.215 4.011235 19.756 2.983457 -2.2665 9.393593

354 B S 33.019 3.497083 6.949 1.938598 -3.55559 2.777136

383 B S 29.533 3.385508 138.52 4.931015 -3.63381 2.573557

388 B S 21.985 3.09036 7.213 1.975885 -4.52125 1.07584

398 B S 23.288 3.147938 9.612 2.263012 -4.36624 1.253963

412 B S 28.539 3.351272 16.555 2.806688 -3.84827 2.087157

429 B S 37.939 3.63598 76.037 4.33122 -3.07523 4.414046

434 B S 22.034 3.092587 10.019 2.304483 -4.49538 1.103723



tc d o g Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA

■472 BS 36.636 3.601031 13.128 2.574747 -3.26837 3.66725

■521 BS 26.362 3.271924 8.513 2.141594 -4.07876 1.664667

00 BS 31.791 3.459183 12.973 2.56287 -3.60671 2.642387

102 BS 36.414 3.594953 71.874 4.274915 -3.1764 4.00635

281 BT 32.128 3.469728 19.152 2.952407 -3.55723 2.772708

94 BT 24.968 3.217595 140.275 4.943605 -4.03265 1.741844

110 BTR 29.512 3.384797 22.45 3.111291 -3.74942 2.299047

459 BTR 38.999 3.663536 16.212 2.785752 -3.1064 4.284419

516 BTR 32.096 3.468731 10.874 2.386375 -3.59503 2.672591

518 BTR 30.083 3.40396 19.345 2.962434 -3.71313 2.381989

519 BTR 31.415 3.447285 12.017 2.486322 -3.63982 2.558536

561 BTR 27.095 3.299349 29.756 3.393031 -3.93515 1.916826

19 BTR 31.359 3.445501 14.453 2.670902 -3.63251 2.576819

112 BTR 28.964 3.366054 9.852 2.287674 -3.84558 2.092664

199 BTR 53.088 3.971951 877.37 6.776929 -2.12252 10.69271
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D.2 remenopausal (Borderline) HE4, CA125 and ROMA
TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI r o m a ^

181 BRM 49.991 3.911843 62.271 4.131496 -2.43118 8 . 0 8 2 ^

218 BRM 37.931 3.635769 13.575 2.60823 -3.1836 3 . 9 7 8 ^

326 BRM 24.591 3.202381 7.637 2.033005 -4.25107 1 .4 0 4 8 ^

337 BRM 191.371 5.254214 130.246 4.869425 0.809855 6 9 .2 0 7 ^

362 BRM 31.736 3.457452 53.621 3.981941 -3.522 2.86928T'

386 BRM 23.01 3.135929 20.397 3.015388 -4.34773 1.277099

449 BRM 35.661 3.574058 51.554 3.94263 -3.24693 3.743721

467 BRM 40.882 3.71069 10.093 2.311842 -3.02384 4.636055

468 BRM 31.99 3.465423 7.867 2.062677 -3.62317 2.60037

483 BRM 25.154 3.225017 71.786 4.273689 -4.05693 1.700784

494 BRM 26.889 3.291717 13.144 2.575965 -4.00446 1.790765

503 BRM 41.059 3.71501 9.287 2.228616 -3.01876 4.658531

509 BRM 133.058 4.890785 13.072 2.570473 -0.19902 45.04086

537 BRM 38.916 3.661405 118.001 4.770693 -2.98721 4.800706

569 BRM 129.402 4.862924 22.379 3.108123 -0.23167 44.23395

585 BRM 33.3 3.505557 15.735 2.755888 -3.48425 2.976356

192 BRS 34.206 3.532401 203.72 5.316747 -3.26006 3.696718

264 BRS 37.016 3.61135 7.378 1.998503 -3.27988 3.626791

267 BRS 29.727 3.392056 13.755 2.621402 -3.76281 2.26916

322 BRS 42.622 3.752371 20.998 3.044427 -2.87878 5.321272

346 BRS 24.413 3.195116 48.573 3.883068 -4.15254 1.548093

357 BRS 24.176 3.18536 16.081 2.777638 -4.24496 1.413365



T c d o g Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA

■476 BRS 22.194 3.099822 12.064 2.490226 -4.46654 1.135659

484 BRS 25.99 3.257712 12.199 2.501354 -4.09006 1.646266

386 BRS 25.505 3.238875 12.281 2.508053 -4.13447 1.575876

B CYST= Benign Cyst

BG= Benign Dysgerminoma

B M= Benign Mucinous Cystadenoma

B S= Benign Serous Cystadenoma

B TR= Benign Teratoma

BR M= Borderline Mucinous Tumour

BR S= Borderline Serous Tumour

PI= Predictive index

LN= Log

I
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D.3 Premenopausal (Malignant) HE4, CA125 and ROMA

TCDOG Histology HE4 Value LN[HE4] CA125
value

LN[CA125] PI ROMA PFS Prog OS Status

91 M C 113.395 4.730877 716.881 6.57491 -0.32892 41.85028 83+ No 83+ Alive

95 M C 78.239 4.359768 17.106 2.839429 -1.446 19.06174 7 Yes 13 RIP

355 M C 273.594 5.611645 4569.042 8.427059 1.88325 86.79839 25+ No 25+ Alive

440 M C& E 117.067 4.762746 77.367 4.34856 -0.39244 40.31292 13 Yes 13 RIP

529 M C&S 65.411 4.18069 912.687 6.816393 -1.62325 16.47571 7 Yes 8 RIP

225 M C R 45.222 3.811584 9.907 2.293242 -2.78487 5.814706 14 Yes 26 RIP

183 M E 55.42 4.014941 8.041 2.084553 -2.31395 8.997432 66+ No 66+ Alive

324 M E 134.304 4.900106 244.931 5.500977 0.006613 50.16533 35+ No 35+ Alive

508 M E 64.274 4.163155 139.086 4.935092 -1.78275 14.39634 14+ No 14+ Alive

61 M GE 76.886 4.342324 302.228 5.711182 -1.30775 21.28637 87+ No 87+ Alive

258 M G R 20.734 3.031775 9.329 2.233128 -4.64458 0.952201 47+ No 47+ Alive

122 M M 83.37 4.423289 9.606 2.262388 -1.33095 20.90026 ND ND 78+ Alive
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TCDOG Histology HE4 Value LN[HE4] CA125 Value LN[Cal25] PI ROMA PFS Prog OS Status

309 M M 100.636 4.61151 9.976 2.300182 -0.88061 29.30504 39+ No 39+ Alive

546 M M 35.505 3.569674 110.839 4.708079 -3.20945 3.88116 11 + No 11 + Alive

1 M S 217.996 5.384477 1970.712 7.58615 1.289948 78.41383 42 Yes 74+ Alive

21 M S 335.385 5.815279 9554.996 9.164819 2.414082 91.78948 13 Yes 30 RIP

89 M S 138.881 4.933617 6529.786 8.784129 0.291896 57.24603 7 Yes 18 RIP

142 M S 54.759 4.002942 169.83 5.134798 -2.15156 10.41855 ND ND ND ND

223 M S 73.622 4.298944 63.477 4.150678 -1.50868 18.11343 49+ No 49+ Alive

279 M S 101.5 4.620059 107.79 4.680185 -0.71128 32.9316 45+ No 45+ Alive

347 M S 100.797 4.613109 49.965 3.911323 -0.77595 31.51928 20+ No 20+ Alive

349 MS 78.925 4.368498 11.92 2.478218 -1.44784 19.03345 8 Yes 13 RIP

401 M S 2731.649 7.912661 164000 14.31021 7.727951 99.95598 4 Yes 22+ Alive

456 M S 137.344 4.922489 1158.958 7.055277 0.157183 53.92152 21 Yes 21 + Alive

481 M S 68.303 4.223954 878.758 6.77851 -1.52266 17.90708 17+ No 17+ Alive
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TCDOG Histology HE4 Value LN[HE4] CA125 Value LN[Cal25] PI ROMA PFS Prog OS Status

371 M S&E 155.254 5.045062 131.22 4.876875 0.312541 57.75054 25+ No 27+ Alive

66 MY 60.659 4.105268 256.159 5.54 -1.8823 13.21255 1 Yes 7 RIP
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D.4 Postmenopausal (Benign) HE4, CA125 and ROMA

TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA

314 BBR 112.131 4.719668 18.194 2.901092 -1.05795 25.77021

475 BBR 29.597 3.387673 8.748 2.168825 -2.97924 4.83726

13 BCYST 132.718 4.888227 43.784 3.779268 -0.23982 44.03307

41 BCYST 38.793 3.65824 13.075 2.570702 -2.40368 8.289276

49 BCYST 26.975 3.294911 9.612 2.263012 -3.00677 4.712105

56 BCYST 39.958 3.687829 7.48 2.012233 -2.7817 5.832093

97 BCYST 289.565 5.66838 133.093 4.891048 1.385362 79.98508

130 BCYST 28.572 3.352427 20.749 3.032498 -2.38369 8.442512

154 BCYST 380.352 5.941097 252.885 5.532935 2.138849 89.46222

185 BCYST 21.852 3.084292 9.111 2.209482 -3.26499 3.67918

187 BCYST 41.119 3.71647 14.383 2.666047 -2.27332 9.335644

193 BCYST 30.885 3.430271 177.676 5.179962 -0.73079 32.50221

209 BCYST 33.774 3.519691 12.593 2.533141 -2.57526 7.07476

293 BCYST 19.829 2.987146 10.439 2.345549 -3.26643 3.674107

312 BCYST 28.314 3.343356 5.577 1.718651 -3.35486 3.373648

319 BCYST 87.8 4.475062 7.156 1.967951 -1.9954 11.96872

325 BCYST 41.062 3.715083 7.969 2.075559 -2.707 6.256131

340 BCYST 38.943 3.662099 6.555 1.880228 -2.90509 5.190252

390 BCYST 22.833 3.128207 7.453 2.008617 -3.36636 3.336358

407 BCYST 68.196 4.222386 12.342 2.513008 -1.8592 13.47967

415 BCYST 28.258 3.341377 10.198 2.322192 -2.91512 5.141097

430 BCYST 26.622 3.281738 6.661 1.89627 -3.28892 3.595315

445 BCYST 101.699 4.622017 10.086 2.311148 -1.59134 16.91953

440



TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI rom^

465 BCYST 42.194 3.742278 59.877 4.092292 -1.20247

500 BCYST 46.011 3.82888 9.127 2.211237 -2.48934

539 BCYST 45.598 3.819864 14.915 2.702367 -2.13921

82 B D 34.019 3.526919 11.864 2.473509 -2.6114 "6^840^

323 B D 93.926 4.542507 6.852 1.924541 -1.95703

116 B F 1053.975 6.960324 124.719 4.826063 2.681415 ~ 9 1 5 ^

330 B F 66.011 4.189821 955.499 6.862234 1.290569

363 B F 84.721 4.439364 15.427 2.736119 -1.47022 18.69088

455 B F 66.773 4.201299 16.491 2.802815 -1.66899 15.8559

48 BM 69.25 4.237723 8.962 2.192993 -2.0775 1 1.13033

64 B M 67.48 4.211831 48.137 3.874051 -0.87389 29.44455

73 B M 50.356 3.919118 75.343 4.322051 -0.85038 29.9354

135 B M 22.635 3.119497 10.491 2.350518 -3.12514 4.208193

149 B M 29.214 3.374648 59.18 4.080584 -1.59338 16.89091

256 BM 21.584 3.071952 11.635 2.454018 -3.09883 4.31556

280 B M 25.649 3.244505 6.645 1.893865 -3.32941 3.457604

288 B M 48.889 3.889552 78.147 4.358592 -0.85438 29.85156

310 B M 50.436 3.920705 7.008 1.947052 -2.58722 6.996518

333 B M 50.156 3.915138 19.444 2.967539 -1.84602 13.63411

338 B M 98.747 4.592561 25.374 3.233725 -0.94665 27.95591

343 B M 29.148 3.372386 18.225 2.902794 -2.45787 7.886473

365 B M 117.915 4.769964 18.539 2.919877 -0.99189 27.05394

374 B M 34.611 3.544172 6.794 1.91604 -3.00152 4.735723
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I

tcd o g Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA

■395 BM 32.085 3.468389 7.407 2.002425 -3.0171 4.665929

T97 BM 24.229 3.18755 8.627 2.154897 -3.19756 3.925752

■413 BM 30.21 3.408173 8.247 2.109849 -3.00109 4.737664

530 BM 80.714 4.390912 14.502 2.674287 -1.56587 17.28054

533 BM 31.984 3.465236 7.382 1.999045 -3.02285 4.640401

560 BM 77.851 4.354797 21.206 3.054284 -1.32528 20.99419

563 BM 64.1 4.160444 10.653 2.365842 -2.03134 11.59513

565 BM 48.745 3.886603 6.467 1.866712 -2.6815 6.407387

47 BS 42.251 3.743628 79.856 4.380225 -0.9903 27.08524

60 BS 99.968 4.60485 120.606 4.792529 0.207175 55.16094

92 BS 350.947 5.860635 166.634 5.1158 1.749826 85.19309

100 BS 53.297 3.97588 39.791 3.683641 -1.25866 22.12047

101 BS 26.092 3.261629 9.487 2.249922 -3.05096 4.517592

117 BS 65.547 4.182767 8.718 2.16539 -2.15486 10.38783

136 BS 31.424 3.447572 136.688 4.917701 -0.90477 28.80716

139 BS 31.063 3.436017 56.347 4.031529 -1.56546 17.28642

150 BS 51.089 3.933569 9.147 2.213426 -2.37886 8.479898

152 BS 67.03 4.20514 8.058 2.086665 -2.18922 10.07232

155 BS 35.269 3.563004 8.348 2.122022 -2.83116 5.566364

171 BS 46.385 3.836976 11.344 2.428689 -2.32174 8.933803

203 BS 30.975 3.43318 8.973 2.19422 -2.91332 5.149886

212 BS 38.482 3.650191 8.886 2.184477 -2.69476 6.328299

216 BS 29.501 3.384424 9.792 2.281566 -2.90009 5.214898
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TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ~ R 0 ^

241 B S 94.41 4.547647 7.179 1.97116 -1.91756

243 B S 21.834 3.083468 8.157 2.098876 -3.34682 T 3 ^

255 B S 36.219 3.589584 6.958 1.939892 -2.93683 5.03^

111 B S 26.071 3.260824 6.756 1.910431 -3.30031 3.55^

275 BS 25.232 3.228113 11.684 2.45822 -2.93335 5.05^

278 B S 27.625 3.318721 12.041 2.488317 -2.81708 5.640i

305 B S 77.83 4.354527 13.655 2.614106 -1.64777 i6.i4ir

306 B S 27.884 3.328053 9.54 2.255493 -2.9778 4.84387]

308 B S 41.756 3.731843 18.188 2.900762 -2.08553 11.05111

332 B S 37.053 3.612349 34.981 3.554805 -1.73104 15.04547

350 B S 55.95 4.024458 8.192 2.103158 -2.36505 8.5 87681

382 B S 25.63 3.243764 87.765 4.474663 -1.44103 19.13855

385 B S 36.042 3.584685 9.229 2.222351 -2.73517 6.0929^

420 B S 25.635 3.243959 10.323 2.334374 -3.00752 4.708725

431 B S 39.948 3.687579 7.149 1.966972 -2.81509 5.651393

443 B S 36.031 3.58438 6.683 1.899567 -2.97176 4.871799

446 B S 55.645 4.018992 7.031 1.950329 -2.48261 7.70865

454 B S 37.143 3.614775 107.184 4.674547 -0.90887 28.72321

460 B S 34.267 3.534183 17.778 2.877962 -2.30778 9.048051

470 BS 91.413 4.515388 12.371 2.515355 -1.55276 17.468̂ 4

491 B S 32.268 3.474076 7.567 2.023797 -2.99554 4.762769

495 B S 27.701 3.321469 139.492 4.938007 -1.02105 26.48226

498 B S 26.47 3.276012 7.836 2.058729 -3.17596 4.008055
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TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA

111 BS 60.31 4.099498 34.324 3.535845 -1.23828 22.47349

548 B S 24.628 3.203884 6.235 1.830179 -3.41827 3.172934

581 BS 65.142 4.17657 6.587 1.885098 -2.36648 8.576505

458 BS&M 49.673 3.905462 8.608 2.152692 -2.45255 7.925231

32 B T 32.755 3.489056 31.922 3.463295 -1.92625 12.71662

43 B T 42.674 3.75359 150.548 5.014282 -0.51581 37.3832

113 B T 27.682 3.320782 18.436 2.914305 -2.50311 7.56401

131 B T 49.793 3.907874 7.747 2.047306 -2.52718 7.39744

160 B T 37.031 3.611755 124.059 4.820757 -0.80498 30.89612

248 B T 29.731 3.39219 16.711 2.816067 -2.50076 7.580485

254 B T 44.435 3.794027 168.421 5.126467 -0.39164 40.33231

266 B T 114.207 4.738013 107.518 4.677658 0.261579 56.50244

290 B T 142.629 4.960247 25.829 3.251498 -0.55125 36.55752

297 B T 42.739 3.755112 76.921 4.342779 -1.00577 26.78086

442 B T 43.944 3.782916 11.765 2.465129 -2.35129 8.696307

447 B T 29.612 3.38818 64.676 4.16939 -1.5143 18.03025

All B T 29.309 3.377895 10.365 2.338435 -2.86526 5.389809

81 BTR 32.07 3.467921 14.778 2.69314 -2.51198 7.502232

336 BTR 33.522 3.512202 11.302 2.42498 -2.66222 6.523952

453 BTR 65.925 4.188518 8.62 2.154085 -2.15715 10.36649

B BR= Benign Brenner Tumour B S&M= Benign Serous & mucinous

B D= Benign Dermoid cyst B T= Benign Thecoma

B F= Benign Fibroma
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D.5 Postmenopausal (Border ine) HE4, CA125 and ROMA
TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI

31 B RE 233.134 5.451613 335.169 5.814635 1.835991 ~86!247^

44 BRE 688.251 6.534154 6110.203 8.717715 5.086887

69 BRE 49.654 3.905079 106.07 4.664099 -0.6146 ~35loiT2'

33 BRM 95.998 4.564327 8.483 2.138064 -1.77804 ~K4545T'

42 BRM 118.903 4.778308 18.337 2.908921 -0.99123 ^ 7 ^ 0 6 ^

59 BRM 90.187 4.501885 73.341 4.29512 -0.26401 43 .4 3 7 ^

194 BRM 39.55 3.677566 100.081 4.60598 -0.89375 29.03357

197 BRM 74.713 4.313654 7.822 2.05694 -2.09812 10.92797

233 BRM 36.511 3.597614 41.705 3.730621 -1.61767 16.55268

259 BRM 19.12 2.950735 34.342 3.536369 -2.43261 8.071932

274 BRM 32.882 3.492925 11.859 2.473087 -2.64706 6.617058

276 BRM 113.159 4.728794 236.515 5.466012 0.829066 69.61574

327 BRM 48.914 3.890064 19.248 2.957407 -1.87951 13.2445

356 BRM 40.417 3.69925 6.968 1.941328 -2.82173 5.616131

364 BRM 40.464 3.700413 57.946 4.059512 -1.27001 21.92558

399 BRM 33.278 3.504897 21.389 3.062877 -2.20288 9.9492

400 BRM 47.062 3.851466 10.596 2.360477 -2.35661 8.654207

439 BRM 28.928 3.36481 9.782 2.280544 -2.92124 5.111355

464 BRM 31.742 3.457641 81.551 4.401229 -1.27235 21.88545

478 BRM 36.495 3.597175 12.82 2.551006 -2.4816 7.715813

511 BRM 49.332 3.898573 8.031 2.083309 -2.5105 7.512523

542 BRM 107.895 4.681159 27.945 3.330238 -0.78386 31.34884
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TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA

"545 BRM 37.873 3.634238 7.596 2.027622 -2.82617 5.592612

T51 BRM 118.496 4.774879 45.142 3.809813 -0.33534 41.69413

190 BRS 42.596 3.75176 747.646 6.61693 0.655423 65.82315

165 BRS 23.012 3.136016 10.085 2.311049 -3.13686 4.161234

269 BRS 38.627 3.653952 7.492 2.013836 -2.81576 5.647831

328 BRS 65.737 4.185662 59.32 4.082947 -0.74819 32.12148

334 BRS 80.383 4.386803 9.482 2.249395 -1.88117 13.22548

353 BRS 31.13 3.438172 5.221 1.652689 -3.30453 3.541601

423 BRS 36.538 3.598353 9.046 2.202323 -2.73561 6.090434

575 BRS 254.346 5.538696 220.057 5.393887 1.618568 83.45976

BR E= Borderline Endometrioid Tumour 

BR M= Borderline Mucinous Tumour 

BR S= Borderline Serous Tumour
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D.6 Postmenopausal (Malignant) HE4, CA125 and ROMA

TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA PFS Prog OS Status

555 M B R 51.955 3.950378 9.751 2.27737 -2.31457 8.992327 2+ No 2+ Alive

3 M C 172.396 5.149794 1002.308 6.910061 2.32395 91.08413 10 Yes 10+ Alive

83 M C 253.576 5.535664 122.504 4.808144 1.186651 76.61416 0 Yes 2 RIP

96 M C 91.478 4.516099 60.006 4.094445 -0.39612 40.22439 ND ND 30+ Alive

214 M C 112.584 4.7237 49.552 3.903023 -0.32034 42.05929 16 Yes 24 RIP

224 M C 87.928 4.476518 99.826 4.603429 -0.06471 48.38278 51 + No 51 + Alive

424 M C 82.627 4.414337 100.931 4.614437 -0.12132 46.97066 18+ No 18+ Alive

438 M C 157.064 5.056653 750.469 6.620698 2.015271 88.23911 14 Yes 16 RIP

451 M C 114.892 4.743993 10.081 2.310652 -1.46485 18.77266 ND ND ND ND

474 M C 94.241 4.545855 80.104 4.383326 -0.15372 46.16465 18+ No 18+ Alive

554 M C 173.634 5.15695 147.168 4.991575 0.92706 71.64785 2 Yes ND ND

557 M C 97.284 4.577635 138.855 4.93343 0.282011 57.00391 ND ND ND ND

571 M C 3045.213 8.021326 101.102 4.61613 3.631186 97.41986 0 Yes 1 RIP
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TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA PFS Prog OS Status

140 M CR 436.072 6.077807 226.478 5.422648 2.200298 90.02763 8 Yes 13 RIP

213 M CR 70.466 4.25513 9.073 2.205303 -2.05038 11.40137 58+ No 58+ Alive

247 M CR 1444.718 7.275669 259.469 5.558637 3.545619 97.19583 13 Yes 15 RIP

408 M CR 363.797 5.896596 500.588 6.215783 2.592413 93.03717 7 Yes 24+ Alive

436 M CR 109.109 4.692347 21.782 3.081084 -0.95461 27.79596 2 Yes 3 RIP

573 M CR 123.195 4.813768 21.398 3.063297 -0.84135 30.12512 8+ No 8+ Alive

77 M E 376.011 5.929618 1446,767 7.277087 3.403631 96.78178 ND ND 23 RIP

207 M E 67.891 4.217903 69.78 4.245347 -0.59579 35.53084 20+ No 20+ Alive

211 M E 873.629 6.772656 1256.529 7.136108 4.177193 98.48903 ND ND 1 RIP

238 M E 73.866 4.302253 101.447 4.619536 -0.23416 44.17269 43+ No 43+ Alive

304 M E 72.459 4.283021 326.076 5.78713 0.600521 64.57755 5 Yes 23 RIP

311 M E 69.947 4.247738 10.669 2.367342 -1.93946 12.57074 0 Yes 2 RIP

320 M E 378.235 5.935516 2385.165 7.777024 3.775718 97.75929 15 Yes 34 RIP
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TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA PFS Prog OS Status

361 M E 128.683 4.857352 1083.328 6.987793 2.076711 88.86189 12+ No 12+ Alive

375 M E 1867.475 7.532343 158.298 5.064479 3.450835 96.9256 ND ND ND ND

347 MS 100.797 4.613109 49.965 3.911323 -0.42928 39.429856 20+ No 20+ No

389 M E 746.613 6.615547 106.524 4.66837 2.207416 90.09135 0 Yes 21 + Alive

414 M E 619.816 6.429423 1891.245 7.544991 4.119533 98.40078 ND ND 24+ Alive

450 M E 100.549 4.610645 14.189 2.652467 -1.35332 20.53276 ND ND ND ND

504 M E 194.669 5.271301 314.04 5.74952 1.600802 83.21304 12+ No 12+ Alive

582 M E&M 34.722 3.547373 5.44 1.693779 -3.16089 4.06645 7+ No 7+ Alive

538 M G R 33.052 3.498082 122.592 4.808862 -0.93191 28.25378 9+ No 9+ Alive

168 M M 116.721 4.759786 18.471 2.916202 -1.00516 26.79277 65+ No 65+ Alive

236 M M 87.157 4.467711 7.6 2.028148 -1.95898 12.35779 ND ND 43+ Alive

294 M M 16.774 2.81983 566.705 6.339839 -0.51661 37.36442 5 Yes 6+ Alive

315 M M 2619.466 7.870726 1155.715 7.052474 5.257966 99.48211 15+ No 15+ Alive
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TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA PFS Prog OS Status

339 M M 103.771 4.642187 70.878 4.26096 -0.1431 46.42851 9 Yes 28+ Alive

341 M M 121.856 4.80284 232.797 5.450167 0.894476 70.98129 ND ND ND ND

392 M M 38.545 3.651826 36.782 3.605009 -1.65323 16.06723 ND ND ND ND

457 M M&E 412.456 6.02213 2750.387 7.919497 3.970086 98.14777 15+ No 15+ Alive

298 M MX 188.794 5.240656 2942.494 7.987013 3.206776 96.10885 ND ND ND ND

318 M MX 87.336 4.469763 175.866 5.169722 0.34279 58.48681 36+ No 36+ No

8 M S 1147.117 7.045007 3010.435 8.00984 5.10001 99.39403 16 Yes 43 RIP

14 M S 1849.04 7.522422 2269.513 7.727321 5.389717 99.54575 ND ND ND ND

15 M S 881.618 6.781759 102000 13.83531 9.090478 99.98873 17 Yes 41 RIP

24 M S 407.703 6.010539 5783.146 8.662703 4.502059 98.90354 9 Yes 33 RIP

34 M S 735.444 6.600474 905.045 6.807985 3.757938 97.72002 10 Yes ND ND

36 M S 2053.421 7.627262 3513.614 8.1644 5.818694 99.70373 8 Yes 9 RIP

37 M S 254.699 5.540082 161.804 5.086386 1.39492 80.13765 18 Yes 68 RIP
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TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA PFS Prog OS Status

38 M S 685.712 6.530458 235.52 5.461796 2.699711 93.70096 45 Yes 45 RIP

50 M S 86.274 4.457528 69.178 4.236683 -0.35292 41.26748 14 Yes 27 RIP

53 M S 619.277 6.428553 1128.158 7.028341 3.740441 97.6807 0.5 Yes ND ND

55 M S 529.114 6.271204 1324.69 7.188934 3.694352 97.57396 2 Yes 4 RIP

80 M S 474.679 6.162639 477.052 6.167625 2.833846 94.44776 46+ No 59+ Alive

87 M S 4446 8.39976 3276.776 8.094615 6.571009 99.86016 73+ No 73+ Alive

109 M S 131.654 4.880177 1119.783 7.02089 2.124676 89.32785 4 Yes 9 RIP

119 M S 2197.24 7.694957 1587.191 7.369721 5.307391 99.50696 21 Yes ND ND

120 M S 3823.746 8.248986 950.7 6.857199 5.508415 99.59638 15 Yes 35 RIP

162 M S 2695.573 7.899366 8444.401 9.041259 6.743542 99.88229 4 Yes 6 RIP

175 M S 1069.662 6.975098 1192.313 7.08365 4.349334 98.72493 5 Yes ND ND

177 M S 65.121 4.176247 370.144 5.913892 0.582266 64.15886 9 Yes 13 RIP

188 M S 898.639 6.800881 213.67 5.364433 2.909681 94.8323 38 No 38 RIP
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TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA PFS Prog OS Status

189 M S 935.897 6.841505 786.122 6.667112 3.905492 98.02662 22 Yes 22 RIP

198 M S 533.159 6.27882 5037.605 8.524686 4.680043 99.08067 22 Yes 42 RIP

202 M S 207.677 5.335984 642.191 6.464886 2.19172 89.95035 0 Yes 3 RIP

251 M S 978.874 6.886403 438.676 6.083761 3.525172 97.13956 36 Yes ND ND

252 M S 165.033 5.106145 115.597 4.75011 0.697472 66.7627 3 Yes 4 RIP

257 M S 86.088 4.45537 705.988 6.559598 1.345211 79.33455 40+ No 40+ Alive

260 M S 1151.663 7.048962 4193.743 8.341349 5.346788 99.52592 37 Yes 45 RIP

268 M S 344.587 5.842347 229.693 5.436744 1.965737 87.71525 45+ No 45+ Alive

111 M S 74.592 4.312033 82.846 4.416983 -0.37225 40.79966 ND ND ND ND

287 M S 181.931 5.203627 207.755 5.33636 1.227988 77.34662 37+ No 37+ Alive

299 M S 117.907 4.769896 104.938 4.65337 0.276959 56.88004 ND ND ND ND

303 M S 358.686 5.882447 141.518 4.952427 1.652922 83.92855 41 + No 41 + Alive

331 M S 195.172 5.273881 4911.769 8.499389 3.61639 97.3824 5 Yes 27 RIP
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TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA PFS Prog OS Status

348 M S 109.63 4.697111 270.658 5.600856 0.894822 70.98843 ND ND ND ND

369 M S 240.847 5.484162 168.175 5.125005 1.365032 79.65763 3+ No ND ND

373 M S 402.326 5.997263 2268.67 7.726949 3.80328 97.81888 20 Yes 26+ Alive

376 M S 390.811 5.968224 142.724 4.960913 1.748341 85.17434 23+ No 23+ Alive

444 M S 939.33 6.845167 2179.47 7.686837 4.655738 99.05826 15+ No 15+ Alive

463 M S 1433.496 7.267871 398.22 5.987005 3.851074 97.91856 6 Yes 18+ Alive

46 M S P 56.541 4.034966 63.179 4.145972 -0.85878 29.75935 ND ND 19 RIP

62 M S P 1845.846 7.520693 1306.004 7.174727 4.983421 99.3196 23 Yes 69 RIP

68 M S P 1097.249 7.000561 436.013 6.077672 3.63944 97.44052 10 Yes 13 RIP

86 M S P 213.958 5.36578 2025.596 7.613619 3.06358 95.53652 11 Yes 21 RIP

133 M S P 211.651 5.354939 1858.297 7.527416 2.989205 95.2084 ND ND 8 RIP

222 M S P 122.305 4.80651 20.497 3.0202 -0.88038 29.30996 6 Yes 14 RIP

226 M S P 54.864 4.004857 8.076 2.088897 -2.39588 8.348772 48 Yes 51 + Alive
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TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA PFS Prog OS Status

262 M S P 1509.848 7.319764 1598.86 7.377046 4.922553 99.27721 14+ No 14+ Alive

128 M S&C 99.879 4.603959 38.527 3.651359 -0.62909 34.77175 ND ND 8 RIP

473 MS 806.632 6.692868 1081.084 6.98572 3.984129 98.17313 ND ND 6+ Alive

507 M S 130.782 4.873532 283.48 5.647142 1.112181 75.25354 14+ No 14+ Alive

510 M S 685.207 6.529721 61.037 4.11148 1.710513 84.69029 14+ No 14+ Alive

515 M S 1017.503 6.925107 1564.35 7.355226 4.496136 98.8971 7 Yes 7 RIP

517 M S 1569.915 7.358777 1114.086 7.01579 4.698686 99.0975 13+ No 13+ Alive

523 M S 140.265 4.943533 1768.033 7.477623 2.524895 92.58687
12+

No 12+ Alive

547 M S 64.222 4.162346 12.265 2.50675 -1.92622 12.71696 12+ No 12+ Alive

562 M S 238.471 5.474248 17.487 2.861458 -0.3022 42.50209 7+ No 7+ Alive

574 MS 1582.009 7.366451 1481.912 7.301088 4.915506 99.27214 ND ND 5 RIP

567 MS 106.213 4.665447 48.676 3.885186 3.885186 40.27597 +5 No +5 Alive

454



TCDOG Histology HE4 value LN[HE4] CA125 value LN[CA125] PI ROMA PFS Prog OS Status

20 M S 857.156 6.75362 3712.356 8.219422 4.950382 99.29691 0 Yes ND ND

35 M S P 669.831 6.507025 291.662 5.675596 2.831842 94.43725 24 Yes 91 + Alive

M BR= Malignant Brener Tumour

M E & M= Malignant Endometrioid & Mucinous Carcinoma 

MSP= Malignant Serous Peritoneal Carcinoma 

M GR= Malignant Granulosa tumour 

M Mx= Malignant Mixed Mullerian tumour 

M S & C= Malignant Serous & Clear cell Carcinoma
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D.7 Postoperative versus Preoperative HE4, CA125 and ROMA

TCDOG Histology HE4 POST LN[HE4]P0ST CA125 POST LN[CA125]POST Pl(POST) ROMA(POST)

352 R S 95.537 4.559514 138.273 4.92923 0.260091 56.46585399

366 N S 113.02 4.727565 56.748 4.03862 -0.21706 44.59464485

367 N S 101.879 4.623786 10.128 2.315304 -1.58646 16.98824905

370 N S 85.966 4.453952 21.948 3.088676 -1.19698 23.20130341

373 M S 36.24 3.590163 665.131 6.499984 0.401758 59.91100416

375 M E 75.787 4.327927 183.126 5.210174 0.224892 55.59871145

376 M S 72.344 4.281433 81.266 4.397728 -0.41817 39.69539016

380 N S 57.751 4.056141 22.949 3.133274 -1.57806 17.1070852

381 N S 75.75 4.327438 72.109 4.278179 -0.45784 38.74990515

389 M E 220.656 5.396605 68.789 4.231044 0.619593 65.01260276

403 N S 44.696 3.799884 11.986 2.483739 -2.32002 8.947814813

408 M CR 82.132 4.408328 214.548 5.368533 0.424427 60.45421846

410 N S 128.708 4.857546 53.6 3.981549 -0.12366 46.91248438

414 M E 251.337 5.526795 1358.806 7.214362 2.938779 94.9730474

418 N C 73.811 4.301508 19.992 2.995332 -1.42385 19.40589298

427 N S 51.725 3.945941 66.285 4.193964 -0.91624 28.57246898

432 N S 92.645 4.528775 12.536 2.528605 -1.52914 17.8120205

437 R S 1229.229 7.114142 62.068 4.128231 2.330573 91.13776189

441 N S 30.295 3.410983 34.176 3.531524 -1.9575 12.37375666

444 M S 98.8 4.593098 584.268 6.37036 1.349925 79.41173449

450 M E 53.449 3.978728 23.691 3.165095 -1.63527 16.31092592

456



TCDOG Histology HE4 POST LN[HE4]P0ST CA125 POST LN[CA125]POST PI(POST) Rom a^

463 M S 27.361 3.309119 228.047 5.429552 -0.67408 3̂?75828oP

471 N S 38.239 3.643856 142.45 4.958991 -0.67041 33^840540^

473 M S 86.842 4.46409 255.085 5.541597 0.609103 '6 4 ^ 7 3 6 1 ^

490 M S 96.795 4.572595 21.926 3.087673 -1.07432 25 .45816^

347 M S 86.12 4.455742 57.309 4.048458 -1.1419 "24l97l438T

371 MS&E 34.384 3.537591 61.796 4.123839 -3.32238 3 .481134^

401 M S 209.304 5.343788 6383.336 8.761446 1.266681 78.01741205

440 MC 26.02 3.258865 233.529 5.453306 -3.90252 1.979129727

456 M S 45.34 3.81419 986.072 6.893729 -2.49068 7.651405111

RS=Recurrent serous adenocarcinoma 

NS=Neoadjuvant serous adenocarcinoma 

NC=Neoadjuvant clear cell carcinoma 

ME=Malignant endometrioid adenocarcinoma 

MS=Malignant serous adenocarcinoma 

MC=Malignant clear cell carcinoma 

MCR= Malignant carcinosarcoma

MS&E=Malignant serous and endometrioid adenocarcinoma 

POST=postoperati ve
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D.8 Sensitivity and specificity
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D.8.1 Sensitivity and specificity of standard ROMA using Fujirebio HE4 & 

Fujirebio CA125 in malignant/borderline versus benign in the premenopausal 

group
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D.8.2 Sensitivity and specificity of ROMA using Fujirebio HE4 and 

Fujirebio CA125 (new cut off) in malignant (excluding borderline) versus 

benign in the premenopausal group
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D.8.3 Sensitivity and specificity of ROMA using Fujirebio HE4 & Roche 

CA125 in malignant/borderline versus benign in the premenopausal group
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D.8.4 Sensitivity and specificity of ROMA using Fujirebio HE4 & Roche 

CA125 (using new cut off) in malignant versus benign in the premenopausal group
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D.8.5 Sensitivity and specificity of Fujirebio HE4 in malignant/borderline versus 

benign in the premenopausal group
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D.8.6 Sensitivity and specificity of Fujirebio HE4 in malignant versus benign 

in the premenopausal group
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D.8.7 Sensitivity and specificity of ROMA using Fujirebio HE4 &  Fujirebio 

CA125 in malignant/borderline versus benign in the postmenopausal group
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D.8.8 Sensitivity and specificity of ROMA using Fujirebio HE4 CA125 

and Fujirebio (new cut off) in malignant (excluding borderline) versus benign 

in the postmenopausal group
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D.8.9 Sensitivity and specificity of ROMA using Fujirebio HE4 & Roche 
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D.8.10 Sensitivity and specificity of ROMA using Fujirebio HE4 & Roche CA125 

(using new cut off) in malignant versus benign in the postmenopausal group
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D,8.11 Sensitivity and specificity of Fujirebio HE4 in malignant/borderline 

versus benign in postmenopausal group
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D.8.12 Sensitivity and specificity of Fujirebio HE4 in malignant versus benign 

in the postmenopausal group
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D.8.13 correlations between Fujirebio CA125 and Roche CA125 in the 

Premenopausal group
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D.8.14 correlations between Fujirebio CA125 and Roche CA125 in the 

Postmenopausal group
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