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ABSTRACT

In Malaysia, colorectal cancer (CRC) is the second most common tumour. Tumour
budding (TB) and poorly differentiated clusters (PDC) have been shown to be
independent prognostic factors in CRC, that may allow for stratification of patients
into more meaningful risk categories than those defined by TNM staging. However,
these parameters are not routinely incorporated as part of the histopathological
assessment. The role of Human Epidermal Growth Factor Receptor 2 (HER2) as a
prognostic biomarker in CRC remains uncertain. Negative prognostic impact of
HER2 expression has been proposed with a trend towards worse overall survival.
Therefore, we aimed to evaluate the TB, PDC and HER2 expression status in our
CRC cases and assess their associations with the established prognostic
clinicopathological parameters including lymphovascular invasion, lymph node
metastasis, tumour grade and tumour stage (0 TNM). For evaluation of TB and PDC,
hematoxylin and eosin-stained slides prepared from tissue blocks of 129 CRC cases
diagnosed from 1% January 2017 to 31% December 2018, in Hospital Tengku
Ampuan Afzan (HTAA) and Sultan Ahmad Shah Medical Centre @ IIUM, Kuantan
Pahang. PDC, and TB according to the International Tumour Budding Consensus
Conference (ITBCC) criteria were scored. For HER2 expression, IHC and FISH
analysis were utilized, following HERACLES diagnostic criteria. Results: For TB,
of the 129 cases studied, 63 (48.8%), 35 (27.2%) and 31 (24%) cases were classified
as budding 1, budding 2, and budding 3, respectively. As for PDC, 73 (56.6%), 33
(25.6%) and 23 (17.8%) cases were classified as grade 1, grade 2 and grade 3,
respectively. High TB and PDC grades were significantly associated with
lymphovascular invasion (p<0.05), nodal metastasis (p<0.05) and high pTNM stage
(p< 0.05). For HER2, 5 (3.9%) cases were positive for HER2 expression by IHC
(scores 3+), equivocal 9 (7.0%) and negative 115 (89.1%). All HER2 2+ and 3+
(total 14 cases) was further evaluated by FISH analysis and HER2 gene
amplification was seen in 4 cases. There is an association between HER2 protein
expression status and pTNM stage (p<0.005). Otherwise, there is no correlation
between HER2 protein expression with lymphovascular invasion, nodal metastasis,
tumour grade, tumour budding or poorly differentiated clusters. Conclusion: There
is strong evidence to suggest that tumour budding, and poorly differentiated clusters
are an adverse prognostic factor. Our findings indicate that HER2 overexpression
occurs in a small population of CRC cases and may benefit with HER2 targeted
therapy.
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CHAPTER ONE

INTRODUCTION

1.1 BACKGROUND

Despite expanded access to appropriate healthcare, which has greatly improved cancer
detection and treatment, death rates from cancer-related deaths have increased by nearly
40% over the last 40 years (Kuipers et al., 2015). An additional 60% increase is expected
in the next 15 years, with 13 million people are estimated to die from cancers in 2030
(Kuipers et al., 2013).

Colorectal cancer (CRC) is one of the most common cancers worldwide (Stewart et
al., 2014; Guptaet al., 2018; Siegel et al., 2020). Of the various histologic types and variants
of CRC, adenocarcinoma makes up the most CRC cases about 95 % (Rasool et al., 2013;
Li et al., 2019). The incidence of CRC across the world showed a wide geographical
variation in (Tung et al., 2018). In the United States, CRC is the third most commonly
occurring cancer in both men and women and similarly accounts for the second commonest
cause of cancer death (Siegel et al., 2020). Approximately 25% of patients have metastatic
disease at the time of diagnosis with a 5-year survival rate (Stewart & Wild, 2014; Greally
etal., 2018a; Gupta et al., 2018;).

In Malaysia, CRC is the second most common cancer in overall population (Hassan
et al., 2016; Veettil et al., 2017b; Arunah et al., 2020). The National Cancer Registry in
Malaysia reported that CRC is the most common cancer in males (16.3 %) while in females
it is the second most common type of cancer (10.7 %) (Chandran et al., 2020).
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Approximately 80 % of these cases in Malaysia are diagnosed in patients older than 50 years
of age, with the majority of them presenting as an advanced disease with a poorer prognosis
(Saad et al., 2013; Hassan et al., 2016; Schliemann et al., 2020). Most CRC cases in
Malaysia are diagnosed in late stages, therefore leads to high mortality rates (Chandran et
al., 2020; Schliemann et al., 2020).

In CRC, the treatment and prognosis decisions are based principally on the TNM
staging system (Lugli et al., 2017). Unfortunately, a significant number of CRC cases
behave poorly even though being classified as low risk based on their TNM stage (Rogers
et al.,2016; Konishi et al., 2018; Deb et al., 2019; Demi et al., 2019b). The TNM staging
system also seems to be lacking in forecasting the outcomes of patients within the same
stage ( Yang et al., 2016; Rogers et al., 2016; Seneviratne, 2018; Deb et al., 2019; Sadek et
al., 2020). Thus, the exploration for other prognostic factors of CRC has been a main
research attention (Das et al., 2017; Lugli et al., 2017; Poornakala et al., 2019; Ueno et al.,
2019; Demir et al., 2019a).

One of the emerging prognostic factors in CRC is Epidermal Growth Factor 2
(HERZ2) overexpression or amplification by the tumour tissues (Gordian et al., 2019; Wang
et al., 2019; Xie et al., 2020; Cuype et al., 2020). The HER2 oncogene encodes for a
transmembrane glycoprotein receptor that functions as an intracellular tyrosine kinase and
is a member of the epidermal growth factor receptor (EGFR) family (Greally et al., 2018a;
Wang et al., 2019). The percentage of HER2 overexpression or amplification in CRC varies
widely, ranging from 0% - 84% (Blok et al., 2013; Shabbir et al., 2016; Liu et al., 2019).

CRC cases with HER2 positive has been suggested to show a negative prognostic
impact of HER2 expression as compared to those with HER2 negative (Siena et al., 2018;

Wang et al., 2019; Cuyper et al., 2020). HER2 amplification is also instituted to be a
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negative prognosticator toward cetuximab (an anti-EGFR treatment) response, which is a
targeted therapy of patients with CRC. Studies also have revealed that activation of HER2
signaling confers resistance to cetuximab (Takegawa et al., 2017; Siena et al., 2018; Xie et
al., 2020). For identifying HER2 protein expression and gene amplification on formalin-
fixed paraffin-embedded tumour samples (FFPE), immunohistochemistry (IHC) and
fluorescent or silver in situ hybridization (FISH or SISH) are the present methods practices
respectively (Siena et al., 2018).

Additionally, other factors which have been shown recently to carry prognostic
values in CRC include histological parameters designated as “Tumour Budding” (TB) and
“Poorly Differentiated Cluster” (PDC) (Demir et al., 2019; Lee et al., 2018; Nearchou et
al., 2019). These two parameters are yet not widely adopted by pathologists in their
reporting (Nearchou et al 2019). Data on this potential benefit are limited in the literature,
as few studies assess both tumour budding and PDC in the same cohort of CRC cases
(Barresi, Reggiani Bonetti et al. 2016). TB is defined as presence of de-differentiated single
cells or small clusters of up to 4 cells at the invasive front of the cancer, while PDCs are
the presence of cancer clusters in the stroma composed of >5 cancer cells. For tumour
budding assessment, International Tumour Budding Consensus Conference (ITBCC) has
paved the way for standardization of TB reporting and strongly recommends including the
parameter as adjunct to TNM reporting system (Lugli et al., 2017; Ozer et al., 2019; Ueno

etal., 2019).

1.2 JUSTIFICATION OF THE STUDY

The incidence of colorectal cancer (CRC) is fast rising in many Asian countries (Veettil et

al., 2017b; Kulkarni et al., 2018;Wong et al., 2019; Siegel et al., 2020). This trend is also



expected to be documented in Malaysia in view of an increased prevalence of risk factors
such as high fat content diet and diet rich in red meat, obesity, and smoking as well as
sedentary lifestyle and a drift towards an aging population (Naing et al., 2017; Veettil et
al., 2017b; Arunah Chandran et al., 2020). According to GLOBOCAN 2018, cancer
incidence in Malaysia is expected to be double by 2040 (from 43,837 to 84,158 cases)
(Schlieman et al., 2020). This condition is associated with high morbidity and mortality
hence incurring significant health and financial burden (Ali et al., 2018; Schliemann et al.,
2020; Lim et al., 2020).

Multimodality therapy has given rise to improve in the survival of CRC patients
although prognoses of some patients are still poor (Pang et al., 2020; Arunah Chandran et
al., 2020). Newer targeted therapies are being evaluated and as such it is necessary to
evaluate and establish new prognostic and predictive factors other than the conventional
ones in order to risk-stratified patients for management purposes ( Sayadnejad et al., 2017,
Liu et al., 2019; Xie et al., 2020). In this respect HER2 overexpression or amplification
has the potential of being a prognostic factor which may impact choice of therapy in CRC
(Greally et al., 2018a; Siena et al., 2018; Cuyper et al., 2020). In addition, tumour budding
(TB) and poorly differentiated cluster (PDC) parameters may be a promising histologic
prognostic factors for assessing the aggressiveness of CRC cases (Lee et al., 2018; Wyk et
al., 2019; Ammendola et al., 2020; Chandran et al., 2020).

To the best of our knowledge, there is no published data on the status of HER2
overexpression or amplification, TB and PDC among CRC cases in Kuantan, Pahang,
Malaysia. Therefore, there is a strong need for this study to be carried out and it will provide

surgeons /oncologists information on the HER2 status in order to subclassify patients



prognostically. It also predicts response to anti- EGFR therapy in CRC cases. Lastly, it will
help to identify patients for novel Anti-HER?2 targeted treatment.

In this study, we aimed to investigate HER2 expression status and TB and PDC
grades in patients diagnosed with CRC and their associations with tumour grading, staging,

lymph node metastasis and lympho-vascular invasion.

1.3 RESEARCH QUESTIONS

1. What is the HER2 expression status in colorectal cancer cases in Kuantan
Pahang?

2. What is the status of tumour budding and poorly differentiated cluster in
colorectal cancer cases in Kuantan Pahang?

3. What is the association between HER2 status, tumour budding and poorly
differentiated cluster in colorectal cancer cases in Kuantan Pahang?

4. What is the association between HER2 status and tumour grade, stage, lymph
node metastasis and lymphovascular invasion?

5. What is the association between tumour budding and tumour grade, stage, lymph
node metastasis and lymphovascular invasion?

6. What is the association between poorly differentiated cluster and tumour grade,

stage, lymph node metastasis and lymphovascular invasion?



1.4 HYPOTHESIS

1. A proportion of colorectal cancer cases have overexpression or amplification of
HER2.

2. Higher grade of tumour budding and poorly differentiated cluster in advanced
colorectal cancer cases.

3. There is association between HER2 expression status with tumour budding and
poorly differentiated cluster in colorectal cancer.

4. There is association between HER?2 expression and colorectal cancer grades, stages,
lymph node metastasis and lymphovascular invasion.

5. There is association between tumour budding and colorectal cancer stages, grades,
lymph node metastasis and lymphovascular invasion.

6. There is association between poorly differentiated cluster and colorectal cancer

stages, grades, lymph node metastasis and lymphovascular invasion.



