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Abstract

Tumour suppressor gene p53 function is impaired in a very large proportion of
human cancers, particularly in head and neck squamous cell carcinoma (HNSCC).
Overexpression of p53 in the histologically tumour free surgical margins often
correlates with a high recurrence rate. The overexpression of p53 observed 50-60%
on HNSCC tumours. The eukaryotic translation initiation factor 4E (eIF4E) is
overexpressed in 100% of HNSCC.

The study was planned to assess the expression of cancer markers p53 and 4E in
histologically tumour negative margins in patients with HNSCC. The intent was to
co-relate such expression with clinical evidence of residual or recurrent disease. Our
hypothesis was that since cancer is not a uniform and systematical disease, the onecentimeter margin employed by surgeons in their removal could contribute to
residual disease. Further, as the pathological investigation requires a minimum
number of tumour cells in any given field to detect the cancer in a routine H&E stain,
we hypothesized that small islands of tumour could be missed, which would be
highlighted with IHC.

A retrospective study was performed on 24 patients who underwent surgery for
HNSCC. Total 77 Paraffin-embedded sections from the surgical margins were
immunostained with antibodies to 4E and p53. Patient characteristics and surgical
margins were analysed. Twenty-one patients (87.5%) showed overexpression of 4E
in the surgical margins, whereas 13 patients (54.2%) were p53 positive. In our study,
six out of the seven recurrent patients have 4E positive margins, whereas only three
patients had recurrence with p53 positive margins. Hence, both p53 and 4E
expression in the surgical margins were not significant predictors of cancer
recurrence (P = 0.8794, P = 0.9995). Overexpression of 4E found in the margins of 6
out of 7 patients with local recurrence. It was also found that in three patients who
had a recurrence with p53 positive.

Molecular studies of the surgical margin could help to identify patients at increased
local recurrence risk who have histopathologically clear surgical margins. It can also
1

help to dictate appropriate adjunctive treatments for HNSCC patients. It appears to
be logical and feasible that rapid testing will inform the surgical team if their
resection is adequate, and permit further guided excision at problematic margins. The
absence of overexpression may also benefit the patient in terms of avoiding
unnecessary further surgery.
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1.1

Introduction

Head and neck cancer squamous cell carcinoma (HNSCC) is a term given to
epithelial malignancies that arise in the oral cavity, paranasal sinuses, nasal cavity,
pharynx, and larynx (Figure1.1) (Argiris et al., 2008). Almost 90% of HNSCC
originates from the mucosal lining of these regions (Döbróssy, 2005). Previous
studies have identified that tobacco use and alcohol consumption are recognized as
significant risk factors for HNC (Blot W et al., 1988, Franceschi et al., 1990, Hashibe
et al., 2007). However, Human Papilloma Virus (HPV) infection has been strongly
associated with oropharyngeal cancer (Herrero et al., 2003). The successful treatment
of these patients depends on early detection and appropriate therapy (Rezende et al.,
2010, Gillison, 2004). The incomplete resection of primary tumour frequently leads
to decrease in the survival rate as a consequence of increased risk of recurrence;
therefore, complete surgical resection of the tumour is a crucial prognostic and
predictive step for HNSCC cure (Armstrong et al., 2010, Jalali et al., 2011).
Therefore, the above observations indicate that the interactions between surgical
margin status and treatment outcome in oral cancer (Binahmed et al., 2007).

Molecular markers can be used to establish tumour free surgical margins and assist in
complete resection of the tumour (Nathan et al., 1999). To establish the reliable
molecular cancer markers, the marker should be specific for tumour cells that could
differentiate normal and tumour cells (Roncella et al., 2005). Cancer molecular
markers p53 and 4E have been used to detect the sub-optical tumours including
HNSCC. Pathologists use light microscopy to investigate correlation between
recurrent/residual disease and overexpression of these molecular markers in optically
negative margins of HNSCC resection.

9

Figure 1.1 Location of epithelial malignancies that occur in oral cavity, pharynx,
larynx,
nasal
cavity
and
paranasal
sinus
(adopted
from
cancerhelp.cancerresearchuk.org/…/).
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1.2

Common risk factors for HNC

Smoking, alcohol and HPV are the most well known carcinogens of HNC (Avissar et
al., 2009, Termine et al., 2008). Both alcohol and tobacco is estimated to be more
than 80% of attributable risk of HNC (Warnakulasuriya, 2009). Excess alcohol
consumption can cause HNC by itself and also act as a synergistic factor with
tobacco (Viswanathan and Wilson, 2004). In Australia, about 70% of laryngeal
cancers are attributed fully or in part due to smoking (Robert Aitken et al., 2008,).
Previous studies have reported that tobacco use and alcohol consumption are
common risk factors for many of these cancers. However, recently human
papillomavirus (HPV) infection has found to be strongly associated with
oropharyngeal cancer (Elango et al., 2011, Rautava and Syrjanen, 2012). Some
studies have reported that 25% of oropharyngeal carcinomas are associated with
high-risk human papillomavirus (HPV) (Gillison et al., 2000, Dayyani et al., 2010,
D‘Souza et al., 2007). HPV16 type is the most common genotype occurring in 90%
of high-risk HPV oropharyngeal carcinomas (Evans and Powell, 2010).

1.3

Incidence and mortality rates for HNC

1.3.1

Worldwide incidence of HNC

HNC is a serious and growing problem in many parts of the world. HNC is the sixth
most common cancer; an estimated 500,000 new cases and 350,000 deaths each year
have been reported worldwide (Warnakulasuriya, 2009, Chen et al., 2008, Jones et
al., 2012). The areas characterized with high incidence rates for HNC found in the
South and South East Asia (e.g. Sri Lanka, India, Pakistan and Taiwan), parts of
Western Europe (e.g. France) and Eastern Europe (e.g. Hungary, Slovakia and
Slovenia), Latin America and the Caribbean (e.g. Brazil, Uruguay and Puerto Rico)
(Warnakulasuriya, 2009). Pacific area (e.g. Papua New Guinea) has been identified
with the highest incidence rate of HNC (40.9/100,000 in men and 26.3/200,000 in
women) (Johnson et al., 2011). Figure 1.2 shows that incidence rates of HNC around
the globe with countries in red having the highest burden. In high-risk countries such
as Sri Lanka, India (15.97/100,000), Pakistan (29.4/100,000) and Taiwan
(22.7/100,000), HNC is the most common cancer in men, and may contribute up to
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25% of all new cases of cancer (Bhurgri et al., 2006, Chen et al., 2008,
Warnakulasuriya, 2009, Khan, 2012)

1.3.2

Incidence of HNC in Australia

HNC is also a lethal problem in many parts of the Australia (Australian Institute of
Health and Welfare, 2005). Oral and oropharnygeal cancers in Australia, contribute
to 2 – 3% of all cancers (Park et al., 2011). An increase of from 23% to 28% in the
incidence of oral and oropharnygeal cancers over the period 2002 - 2011 is estimated
(Australian Institute of Health and Welfare, 2005). It has noticed in all the Australian
States and Territories.
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Figure 1.2 World map-showing countries in red color with high incidence and
mortality due to HNC (adopted from Warnakulasuriya, 2009).
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Figure 1.3 Incidence rate of HNC in the Australia. Data sourced from (ACT Health,
Aug 2009, Aitken et al., 2008, Cancer Council Victoria, 2010, Queensland Cancer
Registry, 2010, South Australian Cancer Registry 2010, Tasmanian Cancer Registry,
2010, Western Australia Cancer Registry, 2009, Department of Health, 2011, Singh
et al., 2013).
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The incidence rate of HNC appears to be 12.3 per 100,000 in Australia and it has
been noticed among the Australian States and Territories (Figure 1.3). The HNC is
more frequently diagnosed among males than females in the Northern Territory, as
shown in Figure 1.4 (Australian Institute of Health and Welfare, 2008). In 2006,
approximately 2756 cases of HNC were diagnosed in Australia where males were
more likely to have HNC, with 2,059 new cases reported, accounting for 3.5% the all
new male cancer diagnoses. On the other hand, 697 females diagnosed with HNC,
accounting for 1.5% of all new cancers in female (Australian Government and
Cancer Registry, 2006). In 2007, there were 898 deaths from HNC in Australia,
accounting for 2.3% of all cancer deaths. Male patients are twice as likely to die
compared to female patients (3% compared to females 1.3%) (Australian
Government and Cancer Registry, 2006). The total numbers of new cases in 2007
illustrated for Australian states and territories (excluding ACT for which the data is
available only for 2002 to 2006) illustrated in Table 1.1. Furthermore, a higher
incidence and mortality rate from HNC have observed in the Northern Territory in
Australia (Figure 1.4 and 1.5).

Incidence of HNC in the NT population appears to be 31.1 per 100, 000, which is far
higher than the rest of Australia (Figure 1.3) (Department of Health, 2011, Singh et
al., 2013). In addition, HNC incidence rate for the Northern Territory is
approximately five times higher in males than in females (Figure 1.4). The
population of the Northern Territory is about 172,000 and its high proportion
(26.5%) of Indigenous Australians (Australian Bureau of Statistics, 2010); however,
this segment of the NT accounts for over 47% of the HNC cases (Thomas et al.,
2011). They are presenting to the Royal Darwin Hospital with advance stage of
tumour (Thomas et al., 2011). The number of non-Indigenous patients who have
HNC may be an underestimated because some patients may choose to travel
interstate for management, particularly those with private insurance.

Queensland has the second highest incidence rate of HNC reported in 2007, where
males have approximately double the rate of females, as shown in Figure 1.4
(Queensland Cancer Registry, 2010). Furthermore, Western Australia, New South
Wales, Tasmania and Victoria have reported almost similar incidence rates with
number of new cases (Table 1.1) (Western Australia Cancer Registry, 2009, Aitken
15

et al., 2008, Cancer Council Victoria, 2010, Tasmanian Cancer Registry, 2010),
which are higher than incidence rates of South Australia and ACT (Tasmanian
Cancer Registry, 2010, South Australian Cancer Registry 2010, ACT Health, Aug
2009).

1.3.3

Mortality of HNC in Australia

The mortality rate from HNC amongst males and females is 3% (667) and 1.3%
(231) respectively (Australian Government and Cancer Registry, 2006). In 2007,
there were 898 deaths from HNC in Australia, accounting for 2.3% of all cancer
deaths. However, the mortality rate of females in the NT was higher than female
from rest of Australia. Table 1.2 illustrated the deaths of patients with HNC in the
Australian states and territories. The mortality rate for NT is 11.7 per 100,000 on the
basis of 19 deaths, which is comparatively higher than the other states and territories
(Figure 1.5) (Department of Health, 2011). Similarly, New South Wales, Tasmania,
Queensland and South Australia have similar mortality rates in Australia in 2007
(Queensland Cancer Registry, 2010, Aitken et al., 2008, ACT Health, Aug 2009,
Tasmanian Cancer Registry, 2010, South Australian Cancer Registry 2010).
However, Victoria, Australian Capital Territory (ACT) and Western Australia
indicates the low mortality rates: 2.9, 2.9 and 3.3, respectively (Western Australia
Cancer Registry, 2009, Cancer Council Victoria, 2010, South Australian Cancer
Registry 2010, ACT Health, Aug 2009).
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Incidence rate per 100,000

Figure 1.4 Incidence rate of HNC for males and females in Australia. Data sourced
from (ACT Health, Aug 2009, Aitken et al., 2008, Cancer Council Victoria, 2010,
Queensland Cancer Registry, 2010, South Australian Cancer Registry 2010,
Tasmanian Cancer Registry, 2010, Western Australia Cancer Registry, 2009,
Department of Health, 2011, Singh et al., 2013).
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Table 1.1 New cases for HNC in Australia
New Cases of HNC

Australian States and
Territories
Male

Female

Total

Years

Northern Territory

42

10

52

2007

New South Wales

638

262

900

2007

Victoria

439

151

590

2007

Tasmania

46

13

59

2007

Queensland

487

164

651

2007

South Australia

130

60

190

2007

Western Australia

263

90

342

2007

Australian Capital Territory

96

36

132

2002-2006

Data sourced from (ACT Health, Aug 2009, Aitken et al., 2008, Cancer Council
Victoria, 2010, Queensland Cancer Registry, 2010, South Australian Cancer Registry
2010, Tasmanian Cancer Registry, 2010, Western Australia Cancer Registry, 2009,
Department of Health, 2011, Singh et al., 2013).
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Figure 1.5 Mortality rate of HNC for males and females in Australia. Data sourced
from (ACT Health, Aug 2009, Aitken et al., 2008, Cancer Council Victoria, 2010,
Queensland Cancer Registry, 2010, South Australian Cancer Registry 2010,
Tasmanian Cancer Registry, 2010, Western Australia Cancer Registry, 2009,
Department of Health, 2011, Singh et al., 2013).
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Table 1.2 Number of deaths associated with HNC in Australia
Australian States and
Territories

Deaths of HNC patients
Male

Female

Total

Year

Northern Territory

15

4

19

2007

New South Wales
Victoria
Tasmania
Queensland
South Australia
Western Australia
Australian Capital Territory

257
186
24
155
62
84
34

86
83
2
51
21
29
20

343
239
26
206
83
113
54

2007
2007
2007
2007
2007
2007
2002-2006

Source of data followed by references (ACT Health, Aug 2009, Aitken et al., 2008,
Cancer Council Victoria, 2010, Queensland Cancer Registry, 2010, South Australian
Cancer Registry 2010, Tasmanian Cancer Registry, 2010, Western Australia Cancer
Registry, 2009, Department of Health, 2011, Singh et al., 2013).
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1.4

Molecular cancer markers

1.4.1

Molecular cancer marker for HNSCC

The current management strategies for HNSCC depend on an understanding of the
natural history of the disease and the use of prognostic molecular markers to select
optimal therapeutic approaches. Several molecular markers have been shown to be
useful independent predictors for patients with HNSCC, such as P53, EGFR
(Epidermal Growth Factor Receptor), TGF-alpha (Transforming Growth Factoralpha), cyclin D1, p16 and 4E (Quon et al., 2001). These molecular markers can use
to identify residual tumours cells in the HNSCC.

1.4.2

Identification of cancer markers

Although histology considered as a ―gold standard‖ for cancer detection, it is not
always conclusive. Therefore, molecular markers may be useful in addition to
histopathological diagnosis to confirm the state of tissue as either malignant or nonmalignant (Schaaij-Visser et al., 2009, Ralhan et al., 2008). These are attractive
biomarkers since they can detected by enzyme-linked immunosorbent assay (ELISA)
in body fluids or by immunohistochemistry (IHC) in the tissue. The verification of
these potential biomarkers has been analysed using immuno-diagnostic techniques
such as ELISA, Western blotting and IHC (Schaaij-Visser et al., 2010). These
protein can easily be detected in the cancer cells (Pai and Westra, 2009). Therefore,
the molecular markers may be considered as potential diagnostic tools to identify
those patients who have not received optimal surgical clearance and require either
further surgery or other adjuvant treatments such as radiotherapy or chemotherapy.
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1.5

Immunodiagnostic cancer markers

1.5.1

P53 molecular marker

P53 is one the most frequently studied molecular markers in HNC (Poeta et al., 2007,
Jalali et al., 2011). TP53 is a tumour suppressor gene that encodes the p53 protein.
The p53 protein performs many functions in the cell like regulation of cell cycle,
glucose metabolism in cancer cells, DNA-repair and apoptosis (Bensaad and
Vousden, 2007, Hussain and Harris, 2006). These functions are induced by a variety
of stress signals, including DNA-damage and inflammation.

1.5.1.1 Role of p53 in the malignancy
Once p53 is activated, it induces a cell cycle arrest to allow both DNA repair and
survival of cell or apoptosis to remove the damaged cell (Figure 1.6). The activated
p53 binds to DNA and initiates the expression of several genes including
WAF1/CIP1 (wild-type activating fragment-1/cyclin-dependent kinase inhibitory
protein-1) encoding for p21 protein. Then, p21 protein binds to the G1-S/CDK
(cyclin-dependent kinases), (CDK2) and S/CDK complex inhibiting their activity.
The attachment of p21 with CDK2 stops the cell from continuing to the next stage of
cell division (van Houten et al., 2000, Sugerman et al., 1995). A mutant p53 will no
longer bind to DNA in an effective way and, the result is that the p21 protein will not
be available to act as ―stop signal‖ for cell division. Thus, the division of cell will be
uncontrolled and autonomous (Goh et al., 2011).

In HNSCC, the alteration in p53 protein function may result from either mutation in
its gene or sequestration by the other cellular protein such as mdm2 (Mouse double
minute 2 homolog) or E6 viral oncoprotein of HPV (Gasco and Crook, 2003). The
interaction of p53 with the E6 protein is encoded by oncogenic HPV types, mainly
HPV16 and HPV18 (Gasco and Crook, 2003). The frequent changes are often
occurring in the p53 pathway of HNSCC. Molecular genetics and IHC analysis of
p53 network may be of diagnostic and prognostic use in the clinical management of
HNSCC (Gasco and Crook, 2003).
22

DNA damage

Oxidative damage

Oncogene Activation

Disragulated growth signal
(cytokines and growth factors

Hypoxia

Nitric oxide
p53
p21
Bax
Puma
Noxa
Interaction
with Bcl2

Growth arrest in G1

Growth arrest in G2

DNA repair
Inhibits angiogenesis

Apoptosis

Figure 1.6 Summary of the key interaction of the p53 protein (adopted from
Partridge et al., 2007).
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1.5.2

Eukaryotic translation initiation factor 4E (eIF4E)

Eukaryotic translation factor 4E is protein involved in the initiation of protein
synthesis (Chen et al., 2004). Protein synthesis is a critical step in gene expression.
Most of the regulation of protein synthesis operates at the level of translation
initiation rather than elongation (Nathan et al., 2002). The translation initiation
process consists of three steps: first, binding of the specific initiator tRNA to the
small ribosomal subunit; second, binding of the resulting complex to an mRNA and
locating to codon; and third, joining of the large ribosomal subunit to generate a
translation-competent ribosome (Sonenberg and Dever, 2003). In the second step,
messenger RNA (mRNA) binding, is a rate-limiting step of protein synthesis and
hence subject to regulation. This process is mediated by the eIF4 group of factors
(De Benedetti et al., 1991).

1.5.2.1 Role of 4E in the malignancy
The oncogenic pathway of 4E and the eIF4F (eukaryotic translation initiation factor
4F) complex, which induce the oncogenic transformation, is hotly debated (De
Benedetti and Graff, 2004). However, it is believed to be mediated by enhanced
translation of weak mRNAs involved in critical cellular processes implicated in
oncogenesis such as cell proliferation, evasion of apoptosis, angiogenesis and
metastasis (Konicek et al., 2008, Silvera et al., 2010). These mRNAs encode proteins
that play significant roles in all aspects of malignancy including VEGF, FGF-2, cmyc, cyclin D1, survivin, MMP-9 and heparanase (Konicek et al., 2008, MericBernstam, 2008). Overexpression of 4E not only induces the transformation and
tumorgenesis, but also initiates metastasis (Figure 1.7) (De Benedetti and Graff,
2004).
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Figure 1.7 Molecular regulatory pathway of 4E in the development and progression
of cancer (adopted from De Benedetti and Graff, 2004).

25

1.6

Diagnostic analysis of p53 and 4E markers

Hematoxylin and eosin (H&E) and immunohistochemistry (IHC) staining have often
used to detect cancer marker expression in the surgical margins (Woolgar and
Triantafyllou, 2005, Kyzas et al., 2004). These molecular techniques could help to
reduce the local recurrence and increase the survival rate of HNC (Jalali et al., 2011).
Approximately, 50% of locally recurrent HNSCC tumours in patients developed
from residual cancer cells in the surgical margins that might not be detected by
histological examination (Van Houten et al., 2002).

1.6.1

Hematoxylin and eosin staining

It is very important to obtain the tumour free surgical margins at the time of surgery
to reduce the recurrence (de Jong and van Dam, 2009). Histopathology examination
of surgical margin has long been used as a potential indicator for recurrence and
survival (Woolgar and Triantafyllou, 2005). However, the confidence of analysis on
surgical margins using this technique for detection of cancer cells is far from
satisfactory (Batsakis, 1999).

If microscopic residual tumours remain behind in the surgical margin, there is a
potential chance of increase in the rate of local recurrence (Kyzas et al., 2004). Thus,
molecular markers could be better in identifying the residual cancer by performing
IHC staining (Nathan et al., 2002). However, histopathological examination of the
surgical margin shows some limitation with respect to sensitivity, as significant
numbers of HNSCC patients develop recurrence with tumour free surgical margins
(Bradley et al., 2007).

1.6.2

Immunohistochemistry

IHC analysis of surgical margins has been established using the detection of p53 and
4E molecular markers on paraffin-embedded sections of tumour tissue (Wang et al.,
2009, Liangping, 2005, Zhou et al., 2006, Berkel et al., 2001). IHC has used as an
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adjunct technique to histopathologic confirmation of surgical clearance of the
tumour. It is perplexing that local recurrence occurs in some patients even with
histologically negative surgical margins (Nathan et al., 2000). The detection of
residual cancer with IHC at the molecular level during the surgery provides a far
more sensitive early detection method than the histopathologic method (Franklin et
al., 1999). Therefore, intra-operative IHC analysis of the surgical margins with
molecular p53 and 4E antiserum is a novel concept.

1.7

Clinical outcomes

1.7.1

Association between p53 and clinical outcomes

A previous study suggests that the molecular assessment of the surgical margins with
p53 has an advantage over histopathology to identify the patients at high risk for
local recurrence (Van Houten et al., 2004). The mutation of p53 genes leads to the
pathogenesis of HNSCC patients with expression range of p53 protein from 50 to
60% of the tumour cells (Nathan et al., 2000). Mutations of p53 gene are one of the
common genetic abnormalities in many cancers including HNSCC (Hardisson, 2003,
Jalali et al., 2011).

The significant function of p53 expression has widely been analysed by IHC
methods to identify the number of cancers, including breast cancer; however, the role
of p53 protein in HNSCC is incompletely understood (Song et al., 2006). The
overexpression of p53 is often associated with clinic-pathologic findings of the
tumour, such as lymph node metastases, and survival of HNSCC patients (Waitzberg
et al., 2004). These findings indicate some limitations of microscopic histological
diagnosis and the potential for molecular markers to guide clinicians in the
management of HNC (Nathan et al., 2000).

The 5-year survival rate for HNSCC remains low after diagnosis, which is
approximately 50% (Jemal et al., 2008). Significantly, the 5 year survival rate in
HNSCC is lower than other cancers, such as those of colorectal, cervix, and breast
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origin (Jemal et al., 2008). With advent of new surgical procedures, improved
radiotherapy and concomitant chemotherapy, there is a considerable improvement in
loco regional recurrence (Van Houten et al., 2004). However, the overall survival
rates for HNSCC have not significantly improved (Partridge et al., 2007). It is
generally believed that incomplete resection of the primary tumor is the principal
reason of death from this type of cancer (Armstrong et al., 2010). A previous study
reported that 5-year survival was higher with p53 negative patients than p53 positive
(Jalali et al., 2011).

1.7.2

Association between 4E and clinical outcomes

Potential biomarkers have greatly expanded our understanding of molecular
pathways involved in tumour initiation and tumour progression (Pai and Westra,
2009). Overexpression of 4E is sufficient to develop the transformation of fibroblasts
and primary epithelial cells (Avdulov et al., 2004). In a clinical trial, 4E
overexpression indicates to increase cancer susceptibility because 4E transgenic mice
develop lymphomas, angiosarcomas, lung carcinomas, and hepatomas (Ruggero et
al., 2004). An increase in activity of cellular 4E is itself oncogenic; also contribute to
the development of cancers (Hsieh and Ruggero, 2010).

In retrospective studies of breast, bladder, and HNC, the overexpression of 4E
protein was correlated with an increased risk of disease progression and poor
prognosis (De Benedetti and Graff, 2004, Crew et al., 2000, Liangping, 2005).

Cardesa and Nathan observed 100% expression of 4E in HNSCC (Cardesa and
Nadal, 2011, Nathan et al., 1997). Rosenwald and his colleagues examined that the
4E overexpression found in cancer tissue than the normal mucosa by using IHC
(Rosenwald et al., 2001). A previous study on lung cancer indicated that the patients
with high 4E expression showed poor survival after surgery than patients with low
4E expression (Wang et al., 2009). The patients with high expression of 4E had
significantly higher rate of recurrence and cancer related death (Holm et al., 2008).
The above studies on lung and breast cancer found that the expression of 4E can be
considered as an independent prognostic predictor for recurrence overall survival.
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1.8

Conclusion

In conclusion, the literature review showed that the molecular analysis of the tumour
margins with p53 and 4E has the potential advantage to identify residual tumours
cells and identify patients at high risk for local recurrence. The significant functions
of p53 and 4E expression have been used in many types of cancers, particularly in
HNSCC by using IHC methods. According to the literature, 4E is overexpressed in
100% of tumours and p53 is expressed in 50 – 60% of HNSCC. Thus,
overexpression of 4E could be considered as potential independent prognostic
predictor for local recurrence or overall survival.

1.9

Aims of our study

1. To determine the correlation between p53 and 4E expression in the surgical
margins and clinical outcomes.
2. To determine the correlation between and expression of p53 and 4E in positive
surgical tumour margins and their clinical characteristics.
3. To investigate whether 4E is a more sensitive molecular marker than p53 in
surgical margins to predict successful outcomes from surgical treatment, and to
prevent recurrence of cancer.
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Chapter 2
Materials and Methods
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2.1 General Procedure
The routine and specific methods for p53 and 4E markers are in this chapter. All the
reagents, buffer, antibodies and solutions were obtained from pharmaceutical
companies like Sigma, Abcam and Dako Pty Ltd. Antibodies and all the solutions for
the Ventana machine were pre-optimised by the companies (Dako Pty Ltd).

2.2 General laboratory reagents
Reagents used for all solutions were of analytical grade. The reagents and chemicals
used

were

as

required

by

protocol

when

using

Ventana

automated

immunohistochemical (IHC) staining machine and manual IHC technique protocol.

2.2.1

Reagents for Ventana Benchmark XT machine

LCS

Dako Pty Ltd, Australia

Blue reagents

Dako Pty Ltd, Australia

Hematoxylin II

Dako Pty Ltd, Australia

10X EZ Pre solution

Dako Pty Ltd, Australia

Cell conditioning solution

Dako Pty Ltd, Australia

Antibody dilution buffer

Dako Pty Ltd, Australia

Reaction buffer concentrate (10X)

Dako Pty Ltd, Australia

2.2.2

Reagents for manual IHC staining method

Phosphate buffer saline, pH 7.4
Dry powder sachet

Sigma-Aldrich, Australia

Tween-20

Sigma-Aldrich, Australia

The phosphate buffer saline was made by dissolving one dry powder sachet in 1 litre
of distilled water, then adding 5 drops of Tween 20 (Polyoxyethylene-sorbitan
monolaurate).

Hydrogen peroxide (Endogenous peroxidase blocking reagent)
100 volume (30%) hydrogen peroxide (8.3ml)

Sigma-Aldrich, Australia
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Methanol (500ml)

Sigma-Aldrich, Australia

For the accuracy of results, the reagent was prepared fresh for every batch of
staining.

Target retrieval solution
Target Retrieval Solution 10X

Dako Pty Ltd, Australia

The concentrated target retrieval solution was diluted at 1:10 with distilled water
(one part of concentrated retrieval solution and nine parts of distilled water). The
working solution can be used five times before discarded.

Blocking serum solution
Normal horse serum was used to decrease the non-specific staining by blocking the
non-specific antigenic sites. The horse serum was stored in 0.5ml aliquots in the
freezer at -200C. For working solution, a 0.5ml aliquot was defrosted and added to
14.5ml of phosphate buffer saline.

Antibody diluents
Normal horse serum was used for the dilution of concentrated antibody.
Streptavidin-Horseradish peroxidase reagent

Dako Pty Ltd, Australia

Diaminobenzidine Tetrachloride (DAB)

Dako Pty Ltd, Australia

PBS buffer-1ml

Dako Pty Ltd, Australia

Xylene

Dako Pty Ltd, Australia

Ethanol (100%)

Dako Pty Ltd, Australia

Ethanol (90%)

Dako Pty Ltd, Australia

Ethanol (70%)

Dako Pty Ltd, Australia

Histolene

Dako Pty Ltd, Australia

0.1% Triton-X detergent

Dako Pty Ltd, Australia

Phosphate buffer saline

Dako Pty Ltd, Australia

Hematoxylin Solution Mayer‘s

Sigma-Aldrich, Australia

Mounting medium (Flouro-Gel)

Sigma-Aldrich, Australia

2.2.3

Primary antibodies

Monoclonal mouse p53 antibody

Dako Pty Ltd, Australia
32

Polyclonal rabbit 4E antibody

2.2.4

Abcam Pty Ltd, USA

Secondary antibody

Dako LSAB2 Kit

Dako Pty Ltd, Australia

Biotinylated antibodies were applied to both rabbit 4E antibody and mouse p53
antibody in a single ready-to-use solution. This multilinked secondary antibody,
when applied, bonded with the primary antibody to form an antibody-antigen
reaction.

2.3

Equipments

Benchmark XT Automated Machine

Ventana, Australia

Lieca Autostainer

Lieca Pty Ltd, Australia

Microtome

Lieca Pty Ltd, Australia

Microscopic slides

Dako Pty Ltd, Australia

Cover slips

Dako Pty Ltd, Australia

Labels for slides

Dako Pty Ltd, Australia

Light Microscope

Olympus Optical, Japan

2.4

Patients and tissue specimens

This clinical research study performed on the tissues of consecutive HNSCC patients
who underwent primary surgical resection for HNSCC. Primarily we have selected
48 HNSCC patients between 2006 and 2009 who were diagnosed at Royal Darwin
Hospital (RDH). Human Research Ethics Committee (HREC) of NT Department of
Health and Families and Menzies School of Health Research (HR-10-1490)
approved this research. Out of 48, 24 patients were excluded because they had
histologically positive surgical margins. The rest twenty-four patients with
histological tumour free surgical margins were included in our study. Experienced
pathologists Dr John Skinner and Dr Marina Mileva based at Royal Darwin Hospital
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(RDH) examined IHC, working on paraffin-embedded tumour margin of HNSCC
patients as below.

2.5 Methods

2.5.1

Tissue fixation

Paraffin-embedded HNC specimens that were previously fixed in formalin were used
for this study. Formalin is routinely used to preserve and fix tissues that are biopsied
and sent for histopathological examination. Cancer tissue is prone to self-destruction
or autolysis caused by the action of intracellular proteolytic enzymes after removal
from the body (Dries, 2008).

2.5.2

Embedding

Embedding is the process that provides sufficient strength to the tissues by a medium
such as agar, gelatine or wax, which solidifies and gives external support during
tissue sectioning. In the pathology laboratory, embedding of biopsy material is
routinely performed using paraffin wax. This was done by allowing the tissue to
embed in molten wax in a cassette, which later solidifies at room temperature. At the
RDH pathology, this process is done in an embedding machine.

2.5.3

Section cutting and slides preparation

Formalin fixed, paraffin-embedded tissue blocks from surgical margins were
obtained from all 24 HNSCC patients. H&E staining was performed on surgical
margins and evaluated by the pathologist. The paraffin-embedded blocks of surgical
margins were selected for further evaluation by the molecular markers. For this
study, two sections, each 5µm thick, were cut from each paraffin block using a
microtome (Figure 2.1). The paraffin tissue sections were placed in bath of distilled
water at 450C (Figure 2.2) and then mounted on poly-lysine-coated slides (Figure
2.3). These mounted sections were dried for 1 hour at 600C and then at room
temperature for 24hr.

34

Figure 2. 1 Section cutting of paraffin-embedded tissue with microtome.
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Figure 2. 2 Paraffin-embedded tissue section placed in water bath after cutting with
microtome.
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Figure 2. 3 Paraffin-embedded tissue sections placed on poly-lysine-coated slides
from the water bath.
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2.5.4

Hematoxylin and Eosin (H&E) staining

Although molecular biology is increasingly used in the investigation of oral and
oropharyngeal squamous cell carcinoma (OSCC), histological assessment of
surgically removed formalin fixed tissues remains the keystone of its diagnosis in
routine clinical practice (Table 2.1). In recent years, standardised pathological
protocols have become routine and are essential for high quality service (Helliwell
and Woolgar, 2005). In this study, lieca autostainer was used for H&E staining of
tumour and surgical margin biopsies (Figure 2.4).
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Table 2.1 Protocol for H&E staining with Lieca autostainer
Reagents
Histolene
Histolene
100% alcohol
100% alcohol
70% alcohol
Wash
Hematoxylin
Wash
Acid Alcohol
Wash
Lithium Carbonate
Wash
80% alcohol
Eosin
95% alcohol
100% alcohol
100% alcohol
100% alcohol
Histolene

Station
1
2
3
4
5
Wash 1
6
Wash 2
7
Wash 3
8
Wash 4
9
10
11
12
13
14
Exit

Step
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Time
1:30 min
1:30 min
1 min
1 min
0:30 min
1 min
2 mins
2 mins
0:30 min
1 min
0:30 min
0:30 min
0:30 min
0.20 min
1 min
0:30 min
0:30 min
1 min
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Figure 2. 4 Lieca autostainer for H&E staining.

40

2.5.5

Automated IHC staining method for p53 antibody

All slides with tissue section were labelled with an appropriate bar code before the
IHC staining procedure. These labelled slides were placed horizontally by metal clip
on the level carousal in the temperature-equilibrated chamber of Ventana Benchmark
XT machine. The Ventana Benchmark XT machine (Figure 2.5) commenced
processing the tissue samples upon loading of the programmed p53 IHC procedure
file. Each procedure file consisted of a specific sequence of buffer rinse, enzyme
inhibitors, blocking serum, antibody detection complexes, chromagens, and counterstains, which were used according to the manufacturer‘s instructions.

After the preliminary series of buffer rinses and normal serum pre-incubation,
monoclonal mouse p53 antibody at 1:200 dilutions was dispensed using 100µl
metered dose per slide. The slides were treated with streptavidin-enzymes conjugated
and a brown staining with diaminobenzidine (DAB) with copper sulphate
enhancement. Each staining step was incubated for exact time and at 420C standard
temperature. After the incubation, the instruments in each section were rinsed to halt
the reaction and remove the unbounded material that could cause unnecessary
background staining.

At the end of automated staining process, the slides were washed in hot water with
detergent for 3 minutes to remove the oily material. Then slides were dehydrated
through the series of ethanol dilutions and then followed by treatment in xylene.
Finally, the cover slips were placed on each slide and fixed with permanent mounting
material.
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Figure 2. 5 Ventana Benchmark XT machine used for IHC staining with p53 and 4E
antibodies.
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2.5.6

Manual IHC staining method for 4E antibody

The reason for using manual IHC staining method is that the Ventana Benchmark XT
machine was not programmed for 4E IHC file at Royal Darwin Hospital. This
antibody had not previously been used in the hospital for IHC staining for cancer
patients. Therefore, 4E antibody was optimized at specific dilution with manual IHC
procedure for staining of histological tumour free surgical margins. The following
staining procedure was performed at the Anatomical Pathology Department of Royal
Darwin Hospital, Northern Territory, and Australia.

2.5.7

Manual procedure of IHC staining for 4E antibody

Tissue sections of 5µm were cut from paraffin-embedded, formalin-fixed surgical
margins by using microtome. Then sections were mounted on poly-lysine-coated
slides, and then dried in an oven at 600C for 1hr. At the first stage of IHC staining, all
the slides were deparaffinised by using xylene and subsequently rehydrated through
the series of graded ethanol dilutions. Following this, the slides were incubated with
4% hydrogen peroxide and 60% methanol for 30 minutes to remove endogenous
peroxidise activity and to permeablize the slides in 0.1% Triton-X detergent with
phosphate buffer saline (PBS). The slides were washed twice with PBS for 3 minutes
each wash. Antigen retrieval was performed by placing slides in coplin jar of target
retrieval solution with pH 6.0 for 20 minutes at 90-950C water bath.

Immunostaining for 4E was performed with rabbit polyclonal 4E antibody at 1:500
dilutions. The slides were incubated with primary antibodies for 30 minutes and
washed with PBS twice for 3 minutes each wash. Normal horse serum was
substituted with primary antibody for negative control slides. All sections were
rinsed in PBS twice for 3 minutes at each rinse. Further to this, the secondary
antibody was applied to all tissue sections and incubated at 30 minutes at room
temperature, followed by two PBS rinses, each rinse for 3 minutes.
Finally, all sections were developed with 3‘-diaaminobenzidine (DAB) for 5 minutes
at room temperature and then counter-stained with hematoxylin. All sections were
dehydrated through a graded series of ethanol dilutions followed by xylene. After
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staining, sections were cover with cover slip and sealed using permanent mounting
medium.

In IHC staining procedures, complex and heterogeneous environment of the cell
sometimes gives unexpected binding not dependent on specific binding of the
primary antibody to the correct antigen. Thus, negative control without antiserum at
the time of primary incubation in the IHC analysis was included. A series of controls
should illustrate that all features of the incubation in IHC procedure were performed
accurately.

In IHC procedure, we optimised the relative concentrations of antibody to control the
level of antibody-antigen complex formation. However, it is not possible to change
antigen concentration; the optimal concentration (dilution) of individual antibody
was evaluated for each application and set of experimental conditions.

2.5.8

Microscopic examination for p53 and 4E expression

All the IHC stained slides were evaluated for the expression of p53 and 4E protein by
light microscopy ‗in blinded manner‘ by two experienced pathologists who were
unaware of the clinical details. The stained slides of tumour margins were evaluated
for p53 and 4E protein expression. The 5% cut-off value was selected on the based
p53 and 4E expression in the in 5% or more tumour cell in the surgical margin.
Therefore, mucosal margins were considered as a positive if similar staining
observed in >5% of the basal cell layer. The cut-off value was selected from previous
studies using IHC analysis with 4E antibody (Nathan et al., 1999, Franklin et al.,
1999).

These tumour margins were graded as positive with p53 if there brown nuclear
staining in the basal cell layer of epithelium. Similarly, surgical margins were
considered as positive if there is reddish brown peri-nuclear cytoplasmic staining of
>5% in the layer of epithelium.

The gradation of IHC staining depended on the intensity of staining and the
percentage of cells staining (Franklin et al., 1999). The scores were ranked as 0, 100,
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200, and 300 respectively for no staining, weak staining, intermediate staining, and
strong staining. The p53 and 4E tumours were determined by multiplying the
intensity of staining values by the percentage of cells staining positive (Pavelic et al.,
1992).

2.5.9

Statistical analysis

The data of 24 HNSCC patients and surgical margins were examined statistically
with SAS (SAS Institute Inc., Cary, NC, USA) for this research. Time to recurrence
was considered as the period from surgery to the date of the first documented
recurrence. Local recurrence was defined as a recurrence in the original tumour bed
(Chao et al., 2012). The follow up period for 24 HNSCC patients was 74 months
(range 1-74 months). We have reviewed the effect of recurrence with p53 and 4E
expression in the 24 HNSCC patients.

The overall survival (OS) time was defined as the interval between the dates of the
beginning of the treatment (surgery) and the death or the last information for
censored observations (Waitzberg et al., 2004). The records of 24 HNSCC patient‘s
status were obtained from the Royal Darwin Hospital and the Department of Births,
Deaths and Marriages, Northern Territory, Australia. Those records were reviewed
for survival. In our study, we have compared the effect of survival rate with the
expression of p53 and 4E in the surgical margins.
Contingency tables and Fisher‘s exact tests were used to evaluate the association of
p53 and 4E in the surgical margins with sex, stage, race, lymph node status,
histological grade, and p53 and 4E expression on tumour and margins. Univariate
analysis was performed to identify significant involvement of the above variables
with cancer prognosis. The Kaplan-Meier method was used to generate the survival
curve and they were compared by using log-rank test (Nathan et al., 2000, Song et
al., 2006).
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Chapter 3
Analysis of surgical margins with molecular marker p53
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3.1

Introduction

The complete surgical resection of the tumour is a crucial predictive step for
HNSCC, because an incomplete resection of primary tumour often leads to decreased
survival rate (Armstrong et al., 2010, Nathan et al., 2002). The presence of
microscopic cancer at the margin of the surgical resection leads to an increased rate
of local recurrence (Jalali et al., 2011). H&E analysis may be inadequate technique in
predicting the recurrence (Nathan et al., 2002). It is necessary to establish a new
prognostic marker that may play an important role to identify the biological behavior
of these cancers. The ultimate aim of identification of molecular cancer marker is to
choose appropriate treatment and to improve overall survival of HNSCC patients
(Roepman et al., 2005). Many previous studies have been investigated that p53 is a
potential prognostic cancer marker (Lei et al., 2007, Jalali et al., 2011, Havrilesky et
al., 2003). However, still need more studies for validation and appropriate quality
control for p53 cancer markers (Eifel et al., 2001).

The aim of our retrospective study was to determine the prognostic correlation
between p53 expression and clinical characteristics of HNSCC patients.

3.2

Materials and Methods

A total of 77 paraffin-embedded tumour margins from 24 HNSCC patients were cut
for p53 IHC analysis. The section cutting procedure is already mentioned in chapter
2 (section 2.5.3). These surgical margins were subsequently analysed by additional
IHC with monoclonal p53 antibody (Dako Pty Ltd). The procedure of IHC staining
for p53 antibody is briefly described in chapter 2 (See section 2.5.5). Monoclonal
mouse p53 antibody was used at 1:200 dilutions as suggested by manufacturing
company (Dako Pty Ltd) based on their optimisation.
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3.3

Results

3.3.1

Clinical characteristics of HNSCC patients

Twenty-four patients were analysed in this study. The clinical characteristics of
patients such as age, sex, race, anatomical site, tumour stage, nodal status, nodal
stage, post-operative radiation therapy and histological grade of tumour were listed
(Table 3.1). The average age of the patients at the time of diagnostic was 60 years
(range from 46 to 81 years). Twenty-one patients were male and three were female.
Four Indigenous and 20 non-Indigenous patients were included in this study.

The follow up period of 24 patients was 74 months (range 1-74 months). Out of 24,
12 patients died and 12 are still alive. The floor of mouth was the most common
affected anatomical site (14/24, 58.3%), followed by the tongue (5/24, 20.8%), the
lips (3/24, 12.5%) and the tonsils (2/24, 8.4%).

In this study, the patients showed 45.8% of tumour stage I (11/24), 25% of tumour
stage II (6/24) and 29.2% of tumour stage IV (7/24). Eighteen patients did not show
any lymph node metastases where as nodal metastases N1 (involvement of a
movable homolateral regional lymph node smaller than 3 cm) (Section 1.2) were
noticed

in

20.8%

(5/24)

patients

and

N2b

were

found

(involvement

of multiple homolateral regional lymph nodes smaller than 6 cm) (Section 1.2) in
4.2% (1/24) of patients.

Sixteen patients (66.7%) received post-radiation therapy and eight (33.3%) did not
receive any adjuvant therapy. Histological grading of tumour revealed that 14
(58.4%) patients had well differentiated, six (25%) patients showed moderately
differentiated and four (16.6%) patients were identified with poorly differentiated.
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Figure 3.1 The overview of H&E and p53 IHC analysis of the HNSCC surgical margins in the 24 patients.
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3.3.2

IHC analysis for p53 expression

IHC stained as well as parallel H&E stained margins were carefully reviewed. All
the surgical margins were confirmed to have no cancer involvement based on H&E
analysis.

The overview of H&E and IHC analysis of p53 overexpression for 24 HNSCC
patients is illustrated in Figure 3.1. H&E section of main tumour and surgical margin
showed suture granulomas with foreign body giant cell resection and overlying
squamous epithelium was hyperplastic and acanthotic (Figure 3.2).

IHC staining with p53 in main tumour of HNSCC showed a sheet of tumour cells
with intensive brown nuclear staining (Figure 3.3). Figure 3.4 showed p53 positive
sections obtained from left lateral squamous cell carcinoma (SCC) of the tongue (A),
floor of mouth (B) and right tonsil (C), respectively. Total 77 tumour free surgical
margins (average of 3.2 margins per patient) from the 24 patients were analysed.
Eleven patients (45.8%) did not show overexpression of p53 and they did not have
detectable staining in the basal cell layer of surgical margins. p53 staining did not
show any brown nuclear staining in basal cells of epithelium. Hence, these surgical
margins were p53 negative.

On the contrary, thirteen patients (54.2%) had at least one surgical margin with
overexpression of p53. The sections from floor of mouth showed strong and patchy
brown nuclear staining indicate of p53 positive staining (Figure 3.5). In addition,
another two sections from floor of mouth showed p53 positive staining in basal cell
layer of the epithelium (Figure 3.6). p53 staining was often noticed in the superficial
layers of margins and even normal mucosa. Therefore, p53 positive margin in
HNSCC has considered as the presence of brown nuclear staining only in the basal
cell layer of epithelium.

Figure 3.7 showed the difference between H&E and IHC staining of tumour and
tumour margin. Figure 3.7A showed the main tumour tissue with cords and nests of
malignant

squamous

epithelial

cells

exhibiting

nuclear

pleomorphism,

hyperchromatism and keratin pearls. Same tumour section was stained with p53
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antibody and this showed dark brown nuclear staining in the tumour cells (Figure
3.7B). Interestingly, H&E stained surgical margins were lined with stratified
squamous epithelium. Hence, it is cleared that there was no evidence of malignancy
in the H&E stained margins (Figure 3.7C). p53 staining of the same margin showed
brown nuclear staining in basal cell layer of epithelium (Figure 3.7D). This clearly
confirmed that the involvement of malignancy in the surgical margin.
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Table 3.1 Characteristics of 24 patients according to p53 expression status
Clinical
Patients number p53+ve p53-ve
P
characteristics
and percentage
Age
≤ 50
7 (29.2%)
3
4
≥ 50
17 (70.8%)
10
7
0.253
Sex
Female
3 (12.5%)
2
1
Male
21 (87.5)
11
10
0.6386
Race
Indigenous
4 (16.6%)
2
2
Non-Indigenous
20 (83.4%)
11
9
0.8548
Anatomical sites
Floor of mouth
14 (58.3%)
6
8
Tongue
5 (20.8%)
3
2
0.601
Lips
3 (12.5%)
2
1
Tonsil
2 (8.4%)
2
0
Tumour stage
I
11 (45.8%)
7
4
II
6 (25%)
3
3
0.6686
III
0 (0%)
0
0
IV
7 (29.2%)
3
4
Nodal status
Negative
18 (75%)
10
8
Positive
6 (25%)
3
3
0.8132
Nodal stage
N0
18 (75%)
10
8
N1
5 (20.8%)
3
2
0.805
N2b
1 (4.2%)
0
1
Post-op XRT
No
8 (33.3%)
3
5
Yes
16 (66.7%)
10
6
0.2454
Histological grade
Poorly differentiated
4 (16.6%)
1
3
Moderate differentiated
6 (25%)
4
2
0.6139
Well differentiated
14 (58.4%)
7
7
Tumour stage I (T1) = Tumour 2 cm or less, Tumour stage II (T2) = Tumour larger
than 2 cm but not larger than 4 cm, Tumour stage III (T3) = Tumour larger than 4
cm, Tumour stage IV (T4) = Tumour with extension to bone, muscle, skin, antrum,
neck.
Post-op XRT = post operative irradiation therapy
P = value obtained by Fisher‘s exact analysis
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A

B

Figure 3.2 H&E analysis of HNSCC main tumour and the surgical margin.

(A) HNSCC section showed sheet of malignant squamous epithelial cells, (H&E
stain, magnification 20x).
(B) Section from tongue showed suture of granulomas with foreign body giants cells
resections; the overlying squamous epithelium was hyperplastic and acanthotic
(H&E stain, magnification 20x).

53

A

B

Figure 3.3 p53 IHC staining of the HNSCC main tumour section (p53 positive).
(A) HNSCC section showed an intensive brown nuclear staining with p53 antibody
(p53 positive, original magnification 10x).
(B) HNSCC section showed an intensive brown nuclear staining with p53 antibody
(p53 positive, original magnification 20x).
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A

B

Figure 3.4 p53 IHC staining of the histological negative surgical margins of HNSCC
patients (p53 negative).
(A) Tongue section showed no staining in basal layer with p53 antibody (p53
negative, original magnification 20x).
(B) Section from floor of mouth showed no staining in basal layer with p53 antibody
(p53 negative, original magnification 20x).
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A

B

Figure 3.5 p53 IHC analysis of the histological negative surgical margins (p53
positive).
(A) HNSCC section from floor of mouth showed an intensive brown nuclear staining
in basal layer with p53 antibody (p53 positive, original magnification 20x).
(B) Same section with different margin showed patchy brown nuclear staining in
basal layer with p53 antibody (p53 positive, original magnification 20x).
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A

B

Figure 3.6 p53 IHC staining of the histological negative surgical margins of HNSCC
patients (p53 positive).

(A) Section from floor of mouth showed strong brown nuclear staining in basal layer
with p53 antibody (p53 positive, original magnification 20x).
(B) Section from floor of mouth showed intensive brown nuclear staining in basal
layer with p53 antibody (p53 positive, original magnification 20x).

57

A

B

C

D

Figure 3.7 Comparison of H&E and p53 IHC staining in the main tumour section
and surgical margins.
(A) HNSCC tumour section (H&E stain, original magnification 20x).
(B) Same HNSCC tumour section showed intensive brown nuclear staining with p53
antibody (p53 positive, original magnification 20x).
(C) Histologically tumour free surgical margin (H&E stain, original magnification
20x).
(D) Histologically tumour free surgical margin, showed brown nuclear staining in
basal layer with p53 antibody (p53 positive, original magnification 20x).
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3.3.3

Association between p53 overexpression and clinical characteristics

The association between p53 alterations (overexpression) and clinical characteristics
was examined in 24 patients (Table 3.1). The overexpression of p53 was not
statistically associated with the age of the patients (3/7 patients with age ≤ 50 years
and 10/17 patients with age ≥ 50 years were p53 positive, P = 0.253), sex (2/3 female
and 11/21 male were p53 positive, P = 0.6386), race (2/4 Indigenous and 11/20 nonIndigenous patients were p53 positive, P = 0.8548) and anatomical sub sites (6/14
patient‘s section from floor of mouth, 3/5 patient‘s section from tongue, 2/3 patient‘s
section from lips, and 2/2 patient‘s section from tonsil were p53 positive, P = 0.601).

No statistical association was also observed between stage of tumour and p53
overexpression (7/11 patients with tumour stage I, 3/6 patients with tumour stage II,
and 3/7 patients with tumour stage IV were p53 positive, P = 0.6686). Furthermore,
there was no statistical significant association between p53 overexpression and nodal
stage and status. The similar trend was also noticed in the association between p53
expression and post-radiation as well as in histological grade of tumour.

59

3.4

Discussion

The development of HNSCC is generally accepted to be a multistep process in which
alteration of oncogene and tumour suppressor genes play an important role (Abbas et
al., 2007). Molecular changes in p53 gene occur early in HNSCC that can be
detected in premalignant lesions using IHC. These alteration might be associated
with specific clinical and histopathological abnormalities that could also help in
predicting the risk of tumour development in a pre-cancerous setting (Jalali et al.,
2011). In this study, we aimed to demonstrate the prevalence of p53 protein
immunoreactivity in histologically negative tumour margins and prove that p53
staining using IHC is more sensitive than the current H&E staining to identify the
residual cancer cells in the histological tumour free surgical margin of HNSCC.

Brennan and Rodrigues have reported that the rate of positive p53 expression in
HNSCC patients was between 50 and 60% (Brennan et al., 1995, Rodrigues et al.,
2008). Another study by Jalali et al, reported 16% of p53 overexpression (5 out 31
patients) among HNSCC patients (Jalali et al., 2011). In our study, the molecular
detection of p53 expression was 54.2% (13/24 HNSCC patients) of the study
population who underwent cancer resections presumed to be complete, but actually
had positive surgical margins. The possible explanation for this expression rate is due
to our selected patient population.

All the 24 HNSCC patients in our study had tumour free surgical margins based on
H&E staining, but p53 IHC analysis showed positive tumour margins in 13 patients.
The p53 IHC acts as a rapid screening technique to identify the presence of
mutations. However, some studies highlights that IHC is not reliable because of the
poor consistency between presence of p53 mutation and detection of p53 protein
(Weber et al., 2002, Leng et al., 2006). Determining the levels of p53 protein on the
basis of protein stability and accumulation in the nucleus of tumour cells is
considered as a target for IHC detection, but the half-life of the wild-type p53 protein
is too short to permit detection (Bosch et al., 2004). Previous studies have identified
that IHC overexpression of wild-type p53 or non-mutant protein may be due to the
degradation of normal protein under cellular stress (Brooks and Gu, 2006).
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In our study, we have observed that 11 male patients showed p53 positive
expression. There has been recent increase in the incidence rates in the Australian
men (Thomas et al., 2011). HPV-associated HNC in the Australia is currently
increasing, the trend may be attributable due to change in sexual behaviors (Hocking
et al., 2011) Mutation of the p53 gene results in the conformational changes in the
protein, which become stabilized, thus allowing for IHC detection (Tarakji et al.,
2010). However, the histopathological examination appeared to be a poor predictor
for local recurrence (Tabor et al., 2003). In earlier reports, p53 protein can be
confirmed in many malignancies by IHC such as cancer in the colon, stomach,
bladder, breast, lung, and thyroid (Tarakji et al., 2010).

Our retrospective study observed statistically non-significant association between the
p53 overexpression and clinical features of HNSCC patients. This was most likely
because of the small number of cases (selected population of HNSCC patients) and
or may be experimental method (manual IHC method rather than using Ventana
Benchmark XT machine method). In HNSCC, the overexpression of p53 correlates
with clinical characteristics of the tumour, such as lymph node metastases, and
disease survival (Waitzberg et al., 2004). However, a number of other studies failed
to demonstrate a correlation between p53 expression and these clinical characteristics
(Friedlander, 2003, Vlachtsis et al., 2005). These results are consistent with Girod
and Famulaski studies. Tumours stained positive for p53 revealed no statistically
significant differences with respect to the stage or grade of the tumour, site and size
of the primary tumour, or recurrence rate (Girod et al., 1998, Famulski et al., 2002).
In our study, we have identified more than half of the HNSCC patients to have p53
positive surgical margins by using IHC. Thus, there is another opportunity to use
IHC as an adjunct detection method to standard H&E prior to surgery.

To change the clinical policy, our collective data was not sufficient to prove this
study with small sample size. Only 24 patients were tested using IHC analysis that
had histologically tumour free surgical margins in this study. To prove significant
detection of p53 protein in the surgical margins, more number of patients and
multiple studies will be needed.
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3.5

Conclusion

In conclusion, overexpression of p53 protein was found in more than half (54.2%) of
HNSCC patients that were originally identified to be free of tumour in the surgical
margins with H&E. Our observations point out the limitation of microscopic
histological diagnosis and potential of p53 cancer marker for IHC analysis to guide
clinicians in the management of HNSCC.

62

Chapter 4
Analysis of surgical margins with molecular marker 4E
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4.1

Introduction

Molecular study of tumour free surgical margins is an important task in the clinical
and surgical pathology. To date, over 350 cancer genes have been identified and
hundreds of epigenetic alternations have been described (Futreal et al., 2004). The
eukaryotic translation initiation factor 4E (eIF4E) is one of the cancer gene making
the epigenetic alternations. It has major roles in carcinogenesis (De Benedetti and
Graff, 2004). The oncogenic role of 4E overexpression has been reported in many
experimental observations (De Benedetti and Graff, 2004, Coleman et al., 2009).
Overexpression of 4E is directly involved in malignancy related events such as
transformation, tumorigenesis, angiogenesis, invasion, and metastasis (Mamane et
al., 2007). Clinically, 4E overexpression has been directly linked to many types of
cancers including breast (Li et al., 2002, Coleman et al., 2009), bladder (Crew et al.,
2000), lung (Rosenwald et al., 2001, Seki et al., 2002) and HNSCC (Boyle et al.,
1993, Nathan et al., 1999, Nathan et al., 2002, Liang et al., 2003, Yi et al., 2012).
Preliminary studies have reported that the overexpression of 4E was observed only in
metastatic breast cancer and HNSCC but not in benign cancer or normal mucosa
(Kerekatte et al., 1995, Nathan et al., 1997).

The aim of this study was to demonstrate the prevalence of 4E protein
immunoreactivity in the histologically negative tumour margins. We would like to
demonstrate that 4E IHC is more sensitive than the current H&E staining to identify
the residual cancer in the surgical margin of HNSCC.

4.2

Materials and Methods

Seventy-seven tissue sections were obtained from resected surgical margins from 24
HNSCC patients (those similar patients were also included for p53 study) to evaluate
the overexpression of 4E. These histological tumour free margins were stained by
IHC with rabbit polyclonal 4E antibody (Abcam Pty Ltd) at specific dilution 1:500.
The procedures for section cutting and IHC staining method is described in chapter 2
(Section 2.5.3 and Section 2.5.5).
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4.3

Results

4.3.1

IHC analysis for 4E expression

The overview of H&E and 4E IHC staining for 24 HNSCC patients is illustrated in
Figure 4.1. In our current study, immunoreactivity of 4E was restricted only in the
cytoplasm of the tumour cell (Figure 4.2). The expression of 4E was not localized
only to the cancer cells but also to some of the mucosal gland and some lymphocytes
near the basal cells. Three patients did not show any expression of 4E in the
epithelial layer of the surgical margins (Figure 4.3). There was no reddish brown
peri-nuclear cytoplasmic staining in the epithelium; therefore, there was no
involvement of malignancy. The surgical margins with 4E positive predominantly
showed the reddish brown peri-nuclear cytoplasmic staining in the epithelial layer
(Figure 4.4 and 4.5). Twenty-one out of 24 patients (87.5%) showed overexpression
of 4E in the tumour free surgical margins. IHC analysis of main tumour with 4E
showed sheet of tumour cells with reddish brown peri-nuclear cytoplasmic staining
(Figure 4.2).

Figure 4.6 compares the standard H&E and IHC staining with 4E antibody of the
main tumour and tumour free margin. Figure 4.6A shows H&E staining of the main
tumour with cords and nests of malignant squamous epithelial cells. The tumour
when stained with 4E showed intensive reddish brown peri-nuclear cytoplasmic
staining around the tumour cells (Figure 4.6B). Similarly, the surgical margin was
stained with standard H&E, which showed the margin was free of tumour (Figure
4.6C). However, when the same tumour section was stained with 4E a reddish brown
peri-nuclear cytoplasmic staining was observed in the epithelial layer (Figure 4.6D).
This clearly shows that IHC staining with 4E has picked up the malignant cells.
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Table 4.1 Clinical characteristics of 24 patients according to 4E expression
Clinical
Patients number
4E+ve
characteristics
and percentage
Age
≤ 50
7(29.2%)
5
≥ 50
17 (70.8%)
16
Sex
Female
3 (12.5%)
3
Male
21 (87.5)
18
Race
Indigenous
4 (16.6%)
4
Non-Indigenous
20 (83.4%)
17
Anatomical Sites
Floor of mouth
14 (58.3%)
13
Tongue
5 (20.8%)
4
Lips
3 (12.5%)
2
Tonsil
2 (8.4%)
2
Tumour stage
T1
11 (45.8%)
10
T2
6 (25%)
5
T3
0 (0%)
0
T4
7 (29.2%)
6
Nodal status
Negative
18 (75%)
15
Positive
6 (25%)
6
Nodal stage
N0
18 (75%)
15
N1
5 (20.8%)
5
N2b
1 (4.2%)
1
Post-op XRT
No
8 (33.3%)
6
Yes
16 (66.7%)
15
Histological grade
Poorly differentiated
4 (16.6%)
3
Moderate differentiated 6 (25%)
5
Well differentiated
14 (58.4%)
13
Tumour stage I (T1) = Tumour 2 cm or less, Tumour stage

4E-ve

P

2
1

0.209

0
3

1.000

0
3

1.000

1
1
1
0
1
1
0
1
3
0
3
0
0
2
1

0.460

0.889

0.540

1.000

0.205

1
1
0.501
1
II (T2) = Tumour larger

than 2 cm but not larger than 4 cm, Tumour stage III (T3) = Tumour larger than 4
cm, Tumour stage IV (T4) = Tumour with extension to bone, muscle, skin, antrum,
neck.
Post-op XRT = post operative irradiation therapy
P = value obtained by Fisher‘s exact analysis
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Figure 4.1 H&E and 4E IHC assessment of surgical margins of 24 HNSCC patients.
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A

B
Figure 4.2 IHC staining of 4E in tumour sections of HNSCC patients (4E positive).
(A) Section from the HNSCC tumour showing reddish brown peri-nuclear
cytoplasmic staining with 4E (4E positive, original magnification 4x).
(B) Section from the HNSCC tumour showing reddish brown peri-nuclear
cytoplasmic staining with 4E (4E positive, original magnification 20x).
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A

B
Figure 4.3 IHC staining of 4E in surgical margin from floor of mouth (4E negative).
Both sections (A and B) are showing no reddish brown peri-nuclear cytoplasmic
staining in epithelial layer with 4E (4E negative, original magnification 20x).
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A

A

B
Figure 4.4 IHC staining of 4E in surgical margin of HNSCC (4E positive).
(A) Section from surgical margin stained with 4E showing reddish brown perinuclear cytoplasmic staining. This section was tumour free with H&E (4E positive,
original magnification 20x).
(B) Same section showing reddish brown peri-nuclear cytoplasmic staining.(4E
positive, original magnification 40x).
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A

B

Figure 4.5 IHC staining of 4E in surgical margin of HNSCC (4E positive).
(A) HNSCC section from floor of mouth showing reddish brown peri-nuclear
cytoplasmic staining (4E positive, original magnification 4x).
(B) Same section showing 4E positivity that was tumour free margin with H&E (4E
positive, original magnification 20x).
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A

B

C

D

Figure 4.6 Comparison of H&E and IHC staining of 4E in tumour and surgical
margins of HNSCC.

(A) HNSCC tumour section (H&E stain, original magnification 20x).
(B) Same HNSCC tumour section showing reddish brown peri-nuclear cytoplasmic
staining with 4E (4E positive, original magnification 20x).
(C) Histologically tumour free surgical margin (H&E stain, original magnification
20x).
(D) Same margins showing reddish brown peri-nuclear cytoplasmic staining with 4E
(4E positive, original magnification 20x).
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4.3.2

Association between 4E overexpression and clinical characteristics

The surgical margins of the 24 patients were evaluated to assess the correlation
between 4E overexpression and clinical characteristics of 24 HNSCC patients (Table
4.1). Clinical characteristics did not show any statistically significant correlation with
4E overexpression including age at diagnosis (5/7 patients with age ≤ 50 years and
16/17 patients with age ≥ 50 years were 4E positive, P = 0.209), sex (3/3 female and
18/21 male were 4E positive, P = 1.000), race (4 /4 Indigenous and 17/20 nonIndigenous patients were 4E positive, P = 1.000) and anatomical sub sites (13/14
patients with floor of mouth, 4/5 patients with tongue, 2/3 patients with lips, and 2/2
patients with tonsil were 4E positive, P = 0.460).

It was also found that there was no significant correlation observed between 4E
overexpression and stage of tumour (10/11 patients with stage I, 5/6 patients with
stage II, 6/7 patients with stage IV were 4E positive, P = 0.889), nodal status (15/18
patients with node negative and 6/6 patients with node positive were 4E positive, P =
0.540), and nodal stage (15/18 patients with N0, 5/5 patients with N1 and 1/1 patients
with N2b were 4E positive respectively, P = 1.000).

Similarly, no significant correlation was noticed between 4E expression and postradiation therapy (6/8 patients without post-radiation therapy and 15/16 with postradiation therapy were 4E positive, P = 0.205), as well as in histological grade of
tumour (3/4 patients with poorly differentiated, 5/6 patients with moderately
differentiated and 13/14 patients with well differentiated were 4E positive, P =
0.501).

4.4

Discussion

The 4E gene belongs to the family of oncogenes functioning as cytoplasmic
regulatory factors (Li and Wei, 2009). However, there have not been many reports
about its effect on the occurrence, development and prognosis of squamous cell
carcinoma (SCC) (Li and Wei, 2009). Much attention has recently been focused on
the evaluation of molecular pathologic prognostic factors to find the recurrence in
HNSCC patients (Zhao et al., 2008). We suppose that somewhere in the multi-step
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pathway of carcinogenesis, elevation of 4E expression is a necessary event in the
progression of tumours. The overexpression of 4E has been implicated in the
development of HNSCC and can potentially identify the areas of tumour cells
(Nathan et al., 1997). Therefore, we propose that 4E tumour marker can improve the
clinical pathological examination of HNSCC specimens.

Overexpression of 4E protein was statistically associated with TN stage, local
recurrence, and metastasis in laryngeal squamous cell carcinoma (Liang et al., 2003).
These results were consistent with other similar studies including sixty three out of
122 patients (51.6%) of breast cancer patients were identified with 4E
overexpression (Zhou et al., 2006). In the same study, 4E overexpression did not
show any significant correlation with clinical characteristics including histological
grade and stage of tumour (Zhou et al., 2006). Yeh et al found thirty eight (49%) of
the 78 patients had high p-4E-BP1 (phosphorylated 4E binding protein 1) expression,
but there was no significant correlation between p-4E-BP1 overexpression with
clinical characteristics of patients such as age at diagnosis, gender, preoperative
CCRT (concurrent chemoradiotherapy), tumour grade, pT (pathological tumour)
classification, pN (pathological node), pM (pathological metastasis), or pathologic
stage (Yeh et al., 2011). We have evaluated the 4E overexpression with age, sex,
race, four anatomical sub sites of cancers (including floor of mouth, tongue, lips and
tonsil), tumour stage, nodal status, nodal stage, post-operative radiation therapy, and
histological grade of tumour of HNSCC patients. Our study showed a non-significant
correlation between 4E overexpression and clinical characteristics of 24 HNSCC
patients.

Few previous studies have showed the significant correlation between the 4E
overexpression and clinical characteristics of the patients. A recent study in the
China on 4E marker analysis with 321 laryngeal carcinoma patients observed higher
rate of 4E expression in the surgical margin than p53 and cyclin D1 expression. The
same study showed a significant difference in the expression of 4E and clinical
characteristics of laryngeal carcinoma patients (Yi et al., 2012). Another study on
squamous cell carcinoma revealed 30 out of 32 patients (93.8%) with overexpression
of 4E in tumour margin, but the statistical difference between 4E expression and
clinical characteristics was significant and the specificity and sensitivity of skin
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squamous cell carcinoma were very high (Li and Wei, 2009). Sun and his colleague
have demonstrated 4E expression in the hypo-pharyngeal carcinoma patients and
observed 89% of 4E expression on the surgical margin. In this study, the significant
correlation was observed between 4E expression and clinical characteristics such as
clinical stage and lymphatic metastasis (Sun et al., 2006). The 4E expression results
in our study was very similar to the above studies as 21 patients showed 87.5% 4E
positive by using IHC. Perhaps the results in our study population is not significant
when we correlate 4E expression with clinical characteristics, may be due to small
sample size.

A previous study have identified 78 (70.4%) out of 108 lung cancer patients in the
China with elevated level of 4E expression. In this particular study, there was no
significant correlation between

the 4E expression and clinical characteristics

including gender, age and smoking condition (Wang et al., 2009). In another study of
colon cancer, 59 (68.8%) out of 87 colon cancer patients were identified with 4E
overexpression and there was no significant correlation between 4E expression and
clinical characteristics such as with age, gender, race, history of polyps and family
history (Berkel et al., 2001). Chen and his colleague observed that there was no
significant correlation observed between the 4E expression and clinicopathologic
factors including gross types of tumours, histological type of tumours, the depth of
tumour invasion and status of lymph node metastasis in 51 (74%) out of 69 gastric
adenocarcinoma patients with 4E overexpression (Chen et al., 2004). The above
mention studies with 4E markers have proved that 4E in the surgical margins
expressed in high frequency also in other cancers than HNSCC. However, most of
the studies did not show any significant correlation between 4E expression and
clinical characteristics of the patients.

The high expression of 4E marker in our study on HNSCC surgical margins is
consistent with above mentioned 4E marker studies in other type of cancer such as
breast, lung, colon and other cancers. Our study is the foremost study in the Northern
Territory, Australia. This oncogenic property of 4E shows the opportunity as
promising marker to guide the clinicians and for therapeutic decisions. However,
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further prospective studies are needed to demonstrate IHC technique as an adjunct to
histopathologic clearance of tumour in the surgical margins.

4.5

Conclusion

In conclusion, our current study shows non-significant results with respect to
molecular analysis of the surgical margins. These results may be due to a small
sample size, making it difficult to find the contribution of 4E overexpression on
tumour free surgical margins.

76

Chapter 5
Correlation of p53 and 4E with local recurrence in head and neck
squamous cell carcinoma-should we change the way to assess the
tumour margins?
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5.1

Introduction

After diagnosis and excision of the primary HNSCC, there is a continuous threat for
recurrence at the site from where the primary tumour was resected or in the
surrounding area (Braakhuis et al., 2010). The role of molecular markers is
progressively more important in the management of all cancers, particularly in
HNSCC to understand the process of carcinogenesis (Nathan et al., 2000). Many
molecular events are involved in tumorigenesis such as the activation of protooncogene products, and the inactivation of tumour suppressor gene products which
help to stop cell proliferation (Aubele et al., 2002). Generally, molecular markers
have shown a lack of reliability that is essential to assist in identifying true tumour
free surgical margins. However, the p53 molecular marker has successfully predicted
recurrence in surgical margins as shown in previous literature (Breda et al., 2007,
Van Houten et al., 2004). Clinically, overexpression of 4E is commonly observed in
a variety of human tumours, and overexpression of 4E is usually related to disease
progression, higher tumour recurrence rate, and tumour-related death (Nathan et al.,
2002, Salehi and Mashayekhi, 2006).

The aim of this study is to determine whether 4E is more sensitive than p53 in
predicting the high risk of recurrence, whether there is any correlation between
expression of p53 and 4E and the clinical outcomes (recurrence and survival) of 24
HNSCC patients.

5.2

Results

5.2.1

Comparison of H&E, p53 and 4E IHC overexpression

Of the 24 patients with histologically negative margins, 13 (54.2%) patients with p53
positive and 21 (87.5%) patients with 4E positive had at least one of the tumour
margins stain positive. Figure 5.1 is an example of a HNSCC main tumour and
surgical margins stained with H&E, p53 and 4E markers analysis respectively.
Section of solid tumour stained with H&E staining showed cords and nests of
malignant

squamous

epithelial

cells

exhibiting

nuclear

pleomorphism,

hyperchromatism and keratin pearls, as described in the chapter 3 (Figure 5.1A).
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Same tumour section was also stained with p53 and showed dark brown staining of
the nucleus of the tumour cells (Figure 5.1B). In addition, same tissue section was
also immunostained with 4E antibody and showed brown peri-nuclear cytoplasmic
staining of the tumour cells in epithelial layer (Figure 5.1C).

Furthermore, Figure 5.1 (D and E) exemplifies negative surgical margins with H&E
staining and p53 IHC staining respectively. However, same tumour margin showed
positive staining for 4E (brown peri-nuclear cytoplasmic) around the residual cancer
cells in the epithelial layer (Figure 5.1F). This clearly signifies that 4E staining stand
apart from H&E and p53 and picks up residual tumour cells in the histologically
tumour free margin.
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A

B

C

D

E

F

Figure 5.1 Comparison of H&E, p53 and 4E IHC staining in the main tumour and
histological tumour free surgical margins of head and neck squamous cell carcinoma

(A) HNSCC (H&E stain, original magnification 20x).
(B) HNSCC with intense brown nuclear staining with p53, (p53 positive, original
magnification 20x).
(C) HNSCC with intense reddish brown peri-nuclear cytoplasmic staining with 4E,
(4E positive, original magnification 20x).
(D) Histological tumour free surgical margin with mild dysplasia, (H&E stain,
original magnification 20x).
(E) The same margin as in the D showed negative staining in the basal cell layer with
p53 (p53 negative, original magnification 20x).
(F) Section D showed reddish peri-nuclear cytoplasmic staining of the epithelial cells
with 4E (4E positive, original magnification 20x).
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5.2.2

Association of p53 and 4E overexpression with clinical outcome

Out of 24 HNSCC patients, seven (29.2%) patients had a tumour recurrence and 12
(50%) patients died during the follow up period. The overview of H&E IHC analysis
of p53 and 4E overexpression for 24 HNSCC patients is illustrated in Figure 5.2. In
p53 positive group, 3 out of 13 patients (23.1%) had recurrence and 10 (76.9%)
patients showed no recurrence. In the same way, the group with 4E positive, 6 out of
21 patients (28.5%) had recurrence and 15 (71.5%) patients did not show any
recurrence (Table 5.1). In addition, 10 (90.9%) out of 11 patients with p53 negative
and 2 out of the 3 patients (66.6%) with 4E negative surgical margins had no
recurrence. However, one patient did have recurrence that had both p53 and 4E
negative surgical margin. Figure 5.3 showed no significant difference in recurrence
risk for p53 positive and p53 negative patients (P = 0.8794).

A total 12 out of 24 patients (50%) died during the follow up period. In the p53
positive group, seven out of the 13 patients (53.8%) died according to the data from
the hospital records and the Death, Birth and Marriage Registry, Darwin, Australia.
Six (46.2%) patients were alive who showed p53 expression in their surgical
margins. Likewise, there was no statistical significance of recurrence risk in patients
having 4E positive versus 4E negative surgical margins (P = 0.9995) (Figure 5.4).
Out of 21 patients with 4E positive, 10 patients died and 11 were still alive (Table
5.2). No significant relationship was found between the overall survival with p53
positive and p53 negative surgical margins (P = 0.3563) (Figure 5.5). Similarly, there
was no correlation found between 4E positive versus 4E negative margins and
overall survival of HNSCC patients (P = 0.6439) (Figure 5.6).

Table 5.3 showed the comparative study of recurrence and survival of HNSCC
patients with p53 and 4E status. We have divided our patients into two groups. In the
group that showed recurrence and was identified to have positive p53 and 4E surgical
margins and one (4.2%) patient was alive. Two (8.3%) patients died with same
pattern. In the non-recurrence group who were observed to have positive margins
with p53 and 4E, five (20.8%) patients were alive. Whereas, five (20.8%) of the
patients died during the follow-up period.
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Figure 5.7 showed the three combinations of p53 and 4E expression. No significant
difference in the curves were found (P = 0.4627) with in these three above
combinations. In our study, overexpression of p53 and 4E protein was detected in 13
(54.2%) and 21 (87.5%) patients respectively.
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Table 5.1 Local recurrence of 24 patients according to expression of p53 and 4E
expression in the surgical margins

Local Recurrence

Clinical Outcomes
p53+ve
p53-ve
P

4E+ve

4E-ve

P

Recurrence

3

4

6

1

0.867

No recurrence

10

7

15

2

0.475

P = value obtained by Fisher‘s exact analysis

Table 5.2 Clinical outcomes according to the expression of p53 and 4E

Molecular expression
p53 Positive
p53 Negative
4E Positive
4E Negative

Clinical Outcomes
Recurrence No recurrence
3
10
1
10
6
15
1
2

Died
7
5
10
2

Alive
6
6
11
1
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Table 5.3 Recurrence and survival of HNSCC patients according to the p53 and
4E status of surgical margin
Clinical outcomes
Recurrence
Alive

Molecular marker expression in HNSCC patients
P53+ve
P53-ve
4E+ve
4E-ve
P53+/4E+
1 (14.3%) 2 (28.6%) 3 (42.8%) 0 (0%)
1 (4.2%)

Died

2 (28.6%)

2 (28.6%)

3 (42.8%)

1 (14.1 %) 2 (8.3%)

Alive

5 (29.4%)

4 (23.5%)

8 (47.1%)

1 (5.8%)

5 (20.8%)

Died

5 (29.4%)

3 (17.7%)

7 (41.2%)

1 (5.9%)

5 (20.8%)

No recurrence

84

48
HNSCC
patients
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24
patients
with
positive
margins

6 patients
with
recurrence

24
patients
with
negative
margins

H&E
Examination
21
patients
with 4E
positive
margins

Followup

4E

IHC
Examination

15
patients
without
recurrence

p53

3 patients
with
recurrence

13
patients
with p53
positive
margins

Followup

10
patients
without
recurrence

Figure 5.2 The overview of H&E, p53 and 4E overexpression on the HNSCC surgical margins and association with local recurrence in the 24
patients.
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Probability of No Recurrence

p53 (+)
p53 (-)

Months

Figure 5.3 Kaplan-Meier curve of HNCC patients with p53 positive and p53
negative surgical margins.
Kaplan-Meier curves estimate the recurrence rate of 24 HNSCC patients and it
showed no significant difference in the probability of having no recurrence according
the p53 expression status in the tumour free surgical margins. The time to
development of recurrence was estimated between p53+ve and p53-ve status of
tumour free surgical margins during the follow-up period.
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Probability of No Recurrence

4E (+)

4E (-)

Months

Figure 5.4 Kaplan-Meier curve of HNSCC patients with 4E positive and 4E negative
surgical margins.
Kaplan-Meier curves showed no significant difference in the probability of having no
recurrence according the 4E expression status in the tumour free surgical margins.
The time to development of recurrence with 4E+ve and 4E-ve status of surgical
margins was estimated during the follow-up period.
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Survival Probability

p53 (-)
p53 (+)

Months

Figure 5.5 Kaplan-Meier survival curve of HNSCC patients with p53 positive and
p53 negative surgical margins.
Kaplan-Meier curves estimate the survival rate of HNSCC patients and there was no
significant difference in the survival probability with p53 status of surgical margins.
The overall survival rate was estimated between p53+ve and p53-ve status of
surgical margins during the follow-up period.
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Survival Probability

4E (+)
4E (-)

Months

Figure 5.6 Kaplan-Meier survival curve of HNSCC patients with 4E positive and 4E
negative surgical margins.
Kaplan-Meier curves estimate the survival rate of HNSCC patients with 4E
expression status of surgical margin and it showed no significant difference.
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Probability of No Recurrence

--- p53-/4E --- p53-/4E+
--- p53+/4E+

Months

Figure 5.7 Kaplan-Meier curves of HNSCC patients with p53 and 4E expression in
surgical margins.
p53-positive and 4E-negative - Blue curve
p53-positive and 4E-negative - Red curve
p53-positive and 4E-positive - Green curve

Kaplan-Meier curves comparing combined effects of p53 and 4E expression in the
surgical margins to expression of each marker alone. These curves estimate the
recurrence rate of HNSCC patients and it showed no significant difference in the
probability of having no recurrence according the p53 and 4E expression status in
surgical margins.
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5.3

Discussion

Detection of p53 and 4E overexpression in the surgical margin contributes to early
detection of residual disease, so that patients with tumour would receive more
directed and effective treatment therapy progressively improving the survival rate.
The results from previous study have demonstrated the important impact of p53 and
4E overexpression in recurrence and survival (Nathan et al., 2000). The
overexpression of 4E is more consistent than p53 (Nathan et al., 1999). Therefore, it
is considered as a specific tumour marker for HNSCC, and is probably more
sensitive than p53 (Li and Wei, 2009)

The overexpression of 4E is more common in HNSCC than p53 and may suggest
different routes to tumorgenesis (Nathan et al., 2000). It is possible that 4E
overexpression occurs earlier in the process of tumorgenesis than that p53
expression. The mutations of p53 in HNSCC are not only less common event, but
also occur comparatively late in tumour progression (Nathan et al., 2000). In
contrast, contradictory reports have appeared with p53 mutations in carcinogensis.
With HNSCC patients, p53 expression has been observed as a late event in the
carcinogensis (Boyle et al., 1993). Therefore p53 mutations are less common in preinvasive cancer than in invasive cancer (Pihan et al., 2003).

A lower frequency of p53 expression in surgical margins may be attributed to the
small size of patient‘s sample. In a previous study, the overexpression of p53 was
found in 63 out of 112 patients (56.3%), while that of 4E expression was observed in
105 (93.8%) (Li and Wei, 2009). Nathan and her colleagues identified 22 of the 54
patients (42%) with p53 positive and 27 (52%) with 4E positive in the surgical
margins of HNSCC patients (Nathan et al., 2002, Friedlander, 2003). previous

Overexpression of p53 and 4E in the primary tumours was not a significant predictor
of recurrence (Nathan et al., 2000). It is appearing that the majority of solid tumours
require the elevated level of 4E expression for tumours progression. However, p53
and 4E expression in surgical margins were often associated with an increase in
recurrence rate (Nathan et al., 2000). Nathan et al reported 14 out of the 52 patients
have had recurrence and there was a significant difference in the recurrence rate
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between 4E positive and 4E negative margins (P = 0.003). Nathan‘s study
highlighted that 12 out of 14 patients (86%) who had recurrence were identified with
4E positive margins. However, no significant difference between p53 positive and
p53 negative margin recurrence rate was noted (P = 0.11) (Nathan et al., 2002). A
previous study showed that nine of the 27 (33.3%) recurrent patients were p53
positive margin. The recurrent rate in the p53 positive group was higher than that in
the p53 negative and 4E positive was 63.6% (14/27), showing the significant
difference in the HNSCC margin (P = 0.006) (Liangping, 2005). A previous study
reported that the overexpression of p53 was associated with a higher rate of
recurrence and 19 out of 48 patients (40%) of breast cancer had recurrence with p53
overexpression. However, in this particular study did not show any statistical
difference with recurrence (P = 0.3) (Gonzalez-Angulo et al., 2004). The relative risk
calculations have demonstrated that the patients with 4E overexpression had a 2.4fold increase in relative risk increase for cancer recurrence (P = 0.01), because 65 out
of 168 patients (35%) of breast cancer had recurrence (McClusky et al., 2005).

In our retrospective study, six out of 7 cancer recurrent patients (85.7%) have 4E
positive margins, whereas only three (42.8%) patients had recurrence with p53
positive margins. All three recurrent patients with p53 expression also showed 4E
positive surgical margins. In our findings, the overexpression of p53 in tumour
margins was seen only in those cases that also expressed p53 in the primary tumour.
In addition, our results showed that the correlation between p53 and 4E expression
and local recurrence was non-significant (P = 0.4627). As we have already
mentioned in chapter 3, the small numbers of HNSCC patients in our study might not
be sufficient to show the recurrence risk with respect to expression of p53 and 4E on
surgical margins.

Reliable methods for the assessment of biological aggressiveness of HNSCC are
becoming more crucial because there is now evidence that novel aggressive adjunct
treatments may result in improved survival (Waitzberg et al., 2004). Liangping and
his colleagues reported that the 5-year survival rate in the p53 positive margin (13/67
cases) and negative margin group (54/67 cases) was 24.62% and 75.69% respectively
with the difference being significant (P = 0.0012) (Liangping, 2005). In the same
study, the 4E positive group (22 cases) and 4E negative group (45 cases) were
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43.31% and 77.52% respectively with the difference being significant (P = 0.0006)
(Liangping, 2005). In another study, the p53 overexpression of 560 HNSCC patients
was significantly associated with decreased overall survival (Poeta et al., 2007). In
the same study, five-year overall survival was reached in 40.7% of patients with p53
positive and in 54.8% of patients with p53 negative (P = 0.009) (Poeta et al., 2007).
Another study with 26 HNSCC patients, no significant results was observed between
4E overexpression and overall survival rate. In that particular study, overall survival
was poor in 4E positive patients (0%; 14.5 months) compared to patients with 4E
negative (40%; 36 months). However, the difference between the two groups was not
statistically significant (P = 0.22) (Sunavala-Dossabhoy et al., 2011). According to
the above study results, the statistical significance may vary with increasing the
number of patient included for the study.

In our study, 10 out of the 12 patients (83.3%) died with 4E positive surgical
margins. However, seven patients (53.3%) died with p53 positive margins. All 7
patients who died had p53 positive and also had 4E positive surgical margins.
Statistically, the overall survival for 24 HNSCC was not significant when we
compared the p53 positive and p53 negative patients (P = 0.3563). Similarly, there
was no significant difference between 4E positive and 4E negative HNSCC patients
(P = 0.6439). Therefore, we have observed in our study that the patients with 4E
overexpression had higher mortality than patients with p53 overexpression.

A previous study on breast cancer suggested that the overexpression of 4E in the
cancer specimens, or in the surrounding histologically normal tissues, may hold
prognostic significance (Li et al., 2002). A previous study with 440 breast cancer
patients revealed that the 5 years overall survival rate of patients with p53 positive
was worse than that of patients with p53 negative (87.1% and 94.3%, P = 0.041)
(Song et al., 2006). McClusky et al studied 4E expression of 168 breast cancer
patients and they observed that the overall survival rate was higher in the patients
with 4E negative (64.3%) than the patients have 4E positive (47.8%) (McClusky et
al., 2005). The authors of this particular study showed high 4E overexpression were
at a 7.2-fold higher risk for death than those with low 4E overexpression (McClusky
et al., 2005). Therefore, there was still the possibility that 4E overexpression was a
surrogate marker to identify the patients with high risk of recurrence and cancer
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related deaths and thus associated with a worse clinical outcome. The abovementioned studies can influence post-surgical management. It allows the decision on
whether more surgery or post-operative radiotherapy or chemo-radiotherapy is
required where recurrence risk is deemed to be high, given that we know that
histologically tumour-positive margins indicate a high risk for tumour recurrence
(Braakhuis et al., 2010). An important question raised by Braakhuis and his
colleague is how large is the recurrence risk if carcinoma is close to the margin but
also dysplasia is identified close to the margin by way of molecular changes.
(Braakhuis et al., 2010). However, we did not address this in our study, and it
requires further research.

5.4

Conclusion

In our study, we have obtained non-significant results concerning association
between p53 and 4E overexpression and clinical outcomes (recurrence and survival)
of 24 HNSCC patients. However, expression of 4E appears to be a stronger
prognosticator than p53 because overexpression of 4E was found in the margins of 6
out of 7 patients with local recurrence and it is found in three patients who had a
recurrence with p53.

94

Concluding remarks

Clear surgical margin remains a challenge to the clinicians and highlights the need to
focus on new immunological techniques and adjuvant treatment for HNSCC patients.
A better understanding of the molecular analysis of surgical margins would go handin-hand with the next generation of novel approaches. Thus, greater effort must be
made to better understand the molecular mechanism underlying tumours, their
responses to treatment and enable engagement of complementary treatment
pathways.

Our clinical study, using IHC to evaluate the surgical margins is a novel method
aimed to improve the clinical outcomes for HNSCC and is the first and foremost
study in the Northern Territory, particularly for Indigenous Australians. In
comparison with the traditional usage of H&E staining, this study clearly highlighted
that the usage of IHC staining with p53 and 4E are more sensitive and hence
provides better pathological diagnosis to identify the status of the surgical margin.

The role of p53 and 4E markers overexpression in the future management of HNSCC
is significant. The absence of p53 and 4E overexpression in the surgical margins may
benefit the patient in terms of avoiding unnecessary treatment and control the clinical
outcomes. This will also help to decrease the incidence of residual disease, perhaps
downstage the need for radiation therapy, and certainly aid in the reduction of
disease-specific mortality in HNSCC. It appears logical and feasible that rapid
testing will inform the surgical team if their resection is adequate, and permit further
guided excision at directed margins.

IHC is a simple, cheap and fast therapeutic technique to execute on small HNSCC
biopsies. The use of one important factor as positive or negative staining in basal cell
layer of epithelium appears to provide more convincing results than the use of other
parameters such as negative, low, moderate, and strong staining. Our observations
point out the limitation of microscopic histological diagnosis (H&E) and the
potential for molecular marker analysis (IHC) to guide clinicians in the management
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of HNSCC. Although the results with p53 and 4E were statistically non-significant in
this study primarily because the numbers of selected subjects were low, the usage of
these molecular markers would provide better diagnosis of surgical margins in cancer
patients.

In current literature relating to the head and neck, breast and laryngeal cancer, 4E has
been established as a most significant predictor of recurrence compared to p53. The
molecular marker 4E is overexpressed in 100% of tumours and it appears to be
overexpressed earlier than p53. Thus, overexpression of 4E in the tumour free
margins appears to be a more sensitive marker for cancer recurrence. It would be
ideal to do a prospective study in near future with larger number of HNSCC patients
to analyse the sensitivity and specificity of 4E marker and to unmask the contribution
of overexpression in relation to recurrence and overall survival. One of our research
team members (Dr. Sheela Joseph) is pursuing this clinical study prospectively.
However, this retrospective study provides further direction and an impetus for
attracting funding for future research.
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