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Abstract 

 

Early-onset colorectal cancer (EOCRC) is the diagnosis of colorectal cancer <50 years and is 

increasing in incidence worldwide, with Australia at the forefront. Existing research is based 

on American cohorts and minimal studies investigate the postoperative outcomes, survival and 

health-related quality of life (HRQoL) of EOCRC patients. The aim of this thesis was to 

summarise the current literature and to report on the postoperative outcomes, survival and the 

HRQoL of an Australian cohort of EOCRC patients. 

 

A retrospective audit showed that most patients presented with left-sided and stage IV disease. 

Pelvic exenteration (PE) or cytoreductive surgery (CRS) and hyperthermic intraperitoneal 

chemotherapy (HIPEC) were performed in nearly one-third of the cohort, closely followed by 

low anterior resections. The rate of stoma formation and postoperative minor complications 

was high. However, the absolute five-year survival rate was 85.5%. A cross-sectional study 

utilising the SF-36v2 survey found that the physical and mental aspects of HRQoL were within 

the average range of the general Australian population. Although insignificant, the mental 

component summary (MCS) scores were below the mean MCS scores of the general Australian 

population ≤2 and >2 years after surgery. Having stage I disease and an emergency index 

operation conferred poorer physical component summary (PCS) scores ≤2 years from surgery.  

 

These findings can inform multidisciplinary team discussions, expedite referrals to quaternary 

services for select patients who require PE or CRS and HIPEC, guide preoperative surgical 

consultations and highlight the need for postoperative follow-up with psychologists and 

psychiatrists. Future research should compare EOCRC and later-onset colorectal cancer 
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outcomes (including functional outcomes) and tumour biology to further our understanding of 

disease behaviour, investigate the cost-effectiveness of reducing the colorectal cancer 

screening initiation age and determine alternative minimally invasive diagnostic biomarkers.  
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Chapter 1: Introduction  

 

1.1 Overview of colorectal cancer (CRC) in Australia 

CRC was the third most diagnosed cancer in Australia in 2018. Whilst data from 2022 is still 

being tabulated, the Australian Institute of Health and Welfare (1) estimates that it will be the 

fourth most diagnosed cancer in 2022. Despite this, it is predicted to remain the second most 

common cause of death from cancer in Australia in 2022, contributing to 11% of all cancer-

related deaths. Currently, Australians have a 5.2% risk of being diagnosed with CRC by the 

age of 85 with a relatively even distribution across all stages at the time of diagnosis. 

Interestingly, stage IV disease was the least prevalent at the time of diagnosis. Australian CRC 

survival data has demonstrated that increasing stage confers poorer 5-year relative survival 

rates. Specifically, 5-year survival for stages I, II, III and IV CRC are 98.6%, 88.6%, 71.3% 

and 13.4%, respectively (2).  Recently, there has been growing concern regarding the increase 

in CRC diagnoses in the younger population.   

 

1.2 What is early-onset colorectal cancer (EOCRC) 

There is some heterogeneity in EOCRC definition in the current literature with authors using 

cut-offs ranging from 40-50 years (3, 4). However, most research, including a recent consensus 

recommendation from the Delphi Initiative for EOCRC (DIRECt) (5), defines EOCRC as the 

diagnosis of CRC prior to the age of 50 years as this has typically coincided with the 

commencement age of CRC screening programs for “average-risk” individuals and is 

consistent with the third aspect of the Amsterdam criteria for Lynch syndrome (6). For this 

thesis, a CRC diagnosis before the age of 50 is termed EOCRC.   
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1.3 The incidence of EOCRC  

A 2021 Australian study conducted across four tertiary referral centres demonstrated that 287 

of 2,315 patients diagnosed with CRC were aged under 50 (7). This 11% incidence of EOCRC 

is concerning when the results of a separate 2021 international study are considered which 

demonstrated a rise in EOCRC diagnosis by 2.8% per annum in Australia versus a 2.2% 

reduction per annum in later-onset CRC (LOCRC) diagnosis (CRC diagnosis aged 50 or above) 

(8). These Australian figures are almost double the pooled global annual percentage change in 

incidence (1.33%, 95% CI 0.97-1.68, p < 0.001). Alarmingly, in the same systematic review, 

the authors noted that it was Australia, the United States (US) and Canada that contributed the 

most to the worldwide increased risk of EOCRC (8, 9). The inverse relationship between 

EOCRC and LOCRC incidence has been attributed to rigorous screening and surveillance 

protocols for CRC and more advanced treatment options.  

 

There are two schools of thought behind the rise in EOCRC incidence (10). The first theory is 

that of the “birth cohort effect”; whereby, people born in recent decades have an increased 

EOCRC incidence in comparison to those born in earlier decades. This implicates the role of 

selective environmental exposures in EOCRC development. For example, Siegal et al. (11) 

demonstrated that early-onset rectal cancer rates increased from the 1970-1980s in an age-

dependent fashion. This has been corroborated in an Australian study but with a younger birth 

cohort (those born in the 1990s) (12). The second theory is that CRC incidence has increased 

for all ages. However, the preventative effects of screening colonoscopy in those over 50 have 

resulted in a disparate increase in EOCRC incidence only (as these patients are not yet routinely 

screened). For example, EOCRC is most common in those aged 40-49. Thus, at the time of 
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screening initiation a “catch-up effect” is seen in 50-51-year-olds as there is a transient increase 

in CRC cancer diagnosis which reflects those EOCRCs that could have been detected earlier 

with earlier screening (13). 

 

1.4 Changes to CRC screening protocols  

In 2018, the American Cancer Society updated their Colorectal Cancer Screening for Average-

Risk Adults to reduce the age of screening initiation to 45 (14). This was corroborated by 

updated 2021 and 2022 guidelines from the American College of Gastroenterology, US 

Preventive Services Task Force and US Multisociety Task Force (15-17). Despite concerns that 

lowering the screening initiation age may dilute adenoma detection rates due to self-selection 

of low-risk, health-conscious 45-49-year-olds, lesion detection rates were comparable to first-

time screening in 50-54-year-olds. Notably, whilst first-time screening colonoscopy volume 

tripled in the 45-49-year-old group, the overall proportion remained low at 11.6% indicating 

that most first-time screening colonoscopies were still performed on 50-54-year-old patients 

(18). By comparison, the Australian National Bowel Cancer Screening Program (NBCSP) 

remains unchanged (target screening group aged 50-74) with Lew et al. (19) demonstrating a 

less favourable benefits-to-harms ratio using a microsimulation model based on the NBCSP if 

the screening age were to be reduced to 45. Despite this, the NBCSP recommends (as a 

consensus-based recommendation) that 2-yearly immunochemical faecal occult blood tests be 

offered to those aged 45-49 who request screening (20). 

 

1.5 Aims of this thesis  

The aim of this thesis was to establish an Australian EOCRC cohort that also included a subset 

of patients referred for pelvic exenteration (PE) or cytoreductive surgery (CRS) and 
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hyperthermic intraperitoneal chemotherapy (HIPEC). Specifically, Chapter 2 presents a 

literature review of EOCRC (published in the ANZ Journal of Surgery) summarising the 

current evidence on the risk factors, clinical presentation, and pathological and molecular 

profile of EOCRC. Here, we also identify key gaps in the current understanding of EOCRC 

relating to the survival, surgical treatment patterns and outcomes and the health-related quality 

of life (HRQoL) of EOCRC patients and this has directed our subsequent studies. Chapter 3 

outlines a retrospective analysis of an Australian cohort of 111 EOCRC patients describing 

their postoperative outcomes and survival (under review in the ANZ Journal of Surgery). 

Chapter 4 explores the HRQoL of 50 EOCRC patients through a cross-sectional analysis 

utilising the SF-36v2, identifying predictors of their HRQoL and evaluating their HRQoL 

relative to Australian population norms (under review by Diseases of the Colon & Rectum). 

Finally, Chapter 5 discusses the implications of these findings and concludes this thesis.  
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Chapter 2: Early-onset colorectal cancer: why it should be high on our list of 

differentials 

 

2.1 Introduction  

Due to the increasing incidence of EOCRC, there has been a recent paradigm shift in CRC 

research to investigate EOCRC. So far, studies have established some differences between 

EOCRC and LOCRC in terms of risk factors, clinical presentation, pathological features and 

molecular profiles. This review aims to summarise the current EOCRC literature and identify 

any gaps that warrant further research.  

 

2.2 Established risk factors for EOCRC  

2.2.1 Non-modifiable risk factors   

Age between 40-50 years, as opposed to < 40 years, is one of the most significant non-

modifiable contributing factors to EOCRC development (1). Whilst being a male has been 

linked to EOCRC, being a female has been reported as a protective factor for colorectal 

adenomas (1, 2). Inflammatory bowel disease (IBD) is a well-established risk factor for CRC 

and has also been linked to EOCRC (9). However, in a recent EOCRC study, it was a protective 

factor, with authors attributing this to intense surveillance protocols (1). A family history of 

CRC is also a risk factor for EOCRC, however, the proportion of EOCRC patients with a family 

history of CRC in published EOCRC cohorts ranged from 11.1-25%, which suggests that the 

majority of EOCRC cases are sporadic (1, 3, 4). Like other risk factors for LOCRC, studies 

have established cancer syndromes and race (specifically, black, pacific islander or Asian) as 

risk factors for EOCRC (3, 5). It is currently unclear as to what drives the ethnic disparities 
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underlying EOCRC, but this may be related to lifestyle factors and socioeconomic status, 

which has been documented as a risk factor for EOCRC primarily in American-only studies.  

 

2.2.2 Modifiable risk factors  

In comparison to non-modifiable risk factors, there is a greater predominance of EOCRC 

research to investigate modifiable risk factors that represent target areas for prevention with a 

heavy focus on the timing of the exposure. “The Exposome” identifies exposures during 

development related to three domains (general external, specific external environment and 

internal environments) (6). 

 

Exposures resulting in dysbiosis have been explored with weight gain and diet being the two 

exposures that have been the most heavily investigated. A recent 2021 systematic review and 

meta-analysis by Li et al. (7) found that overweight and obese younger adults have 

approximately 32% and 88% higher risk of developing CRC than those with average weight, 

respectively. Whilst previous literature has demonstrated sex-specific associations between 

EOCRC and young adulthood obesity (8), this was not substantiated by Li et al. (7). A sedentary 

lifestyle has also been linked to EOCRC (9). Westernised diet (i.e. increased fat and red meat 

and decreased fibre), which has also been referred to as a sulphur microbial diet, is an 

established risk factor for LOCRC and has been demonstrated by Rosato et al. (10), with the 

addition of increased consumption of alcohol ( 14 standards/week), to be linked with EOCRC 

(6, 10). Two 2021 studies have similarly reproduced these findings; a pooled analysis of 13 

population-based comparative studies of EOCRC versus LOCRC which additionally 

demonstrated that a low-fibre (OR 1.19,  95% CI 1.08-1.31, p < 0.001) and low-folate diet (OR 

1.16, 95% CI 1.08-1.26, p < 0.001) was linked more strongly with early-onset rectal cancer 

and an analysis of the Nurses’ Health Study II data which found an association between those 
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in the highest quartile of sulphur microbial diet scores and early-onset adenomas with greater 

malignant potential (villous/tubulovillous histology) (OR 1.65, 95% CI 1.12-2.45, p = 0.04) 

(11, 12). Data from the Nurses’ Health Study II has been further analysed by two studies which 

found that consumption of sugar-sweetened beverages both in adulthood and adolescence 

conferred a greater risk of EOCRC and colorectal adenomas (13, 14). More specifically, this 

risk was highest when consumption occurred during adolescence, with a linear relationship 

between the number of servings per day and a 32% increase in EOCRC risk (13).  

 

Chemical exposures resulting in dysbiosis have also been explored, albeit to a lesser extent. 

Whilst smoking has been previously associated with LOCRC, current evidence demonstrating 

its correlation with EOCRC is conflicting (1, 15, 16). Aspirin (OR 0.66, 95% CI 1.68-2.91, p 

< 0.05) and non-steroidal anti-inflammatory drugs (OR 1.43, 95% CI 1.21-1.68, p < 0.01) have 

been found to be protective factors against the development of EOCRC in patients without IBD 

(2, 11). Certain antibiotics have also been correlated with an increased risk of proximal EOCRC 

(17). A summary of modifiable and non-modifiable risk factors and protective factors are 

summarised in Table 1. 
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Table 1. Non-modifiable and modifiable risk factors and protective factors for EOCRC  

Risk factors Protective factors 

Non-modifiable 

Male Female 

Age IBD 

Family history  

Cancer syndromes  

Race (non-Hispanic white, Hispanic, black, Asian)  

Modifiable 

Western diet/sulphur microbial diet Aspirin 

Alcohol Non-steroidal anti-inflammatory drugs 

Sugar-sweetened beverages  

Sedentary lifestyle  

Obesity  

Antibiotics   

 

2.3 How does EOCRC present? 

EOCRC typically involves either the left colon or rectum. Specifically, Siegal et al. (18) in 

their analysis of the North American Surveillance, Epidemiology, and End Results (SEER) 

database, found that 41% and 35% of males and females diagnosed with EOCRC, respectively, 

had rectal cancer. This is significant as previous research has demonstrated a distinct difference 

in the aetiology, biology, and treatment response between proximal versus distal colonic 

cancers, with proximal cancers being associated with poorer prognostic features (lymph node 

involvement, lymphovascular invasion, advanced stage at diagnosis) (19). EOCRC presents 

with rectal bleeding, abdominal pain, constipation or diarrhoea, unintentional weight loss and 

iron-deficiency anaemia (20). However, despite these red flag symptoms, studies have shown 

a significant delay in diagnosis of EOCRC compared to LOCRC. Chen et al.  (21) found that 

it took a median of 128 days to diagnose EOCRC patients whilst it only took 79 days to 

diagnose LOCRC patients. Scott et al. (22) demonstrated an even greater disparity in delay 
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from symptom onset to treatment commencement between early-onset and later-onset rectal 

cancer patients (217 vs 29.5 days, respectively). Previous literature has postulated that this 

diagnostic and treatment delay is due to a lack of patient awareness, insurance, and the 

attribution of symptoms to more common benign conditions by physicians and surgeons (23). 

Despite these hypotheses, no statistically significant relationship between delayed diagnosis 

and late-stage EOCRC at presentation or adverse five-year survival has been found (21). 

 

2.4 Pathological features and molecular profiles of EOCRC  

2.4.1 Pathological features  

EOCRCs display more aggressive pathological features in comparison to their LOCRC 

counterparts. Two large-scale comparative studies of the SEER (1,334 patients aged 20-40 

years vs 46,457 patients aged 60-80 years) and the North American National Cancer Database 

(64,068 patients < 50 years vs 52,4801 patients aged > 50 years) demonstrated poorer 

differentiation and increased mucinous and signet-ring tumour morphology in their younger 

cohorts (24, 25). A smaller-scale single-institution study found higher proportions of locally 

advanced tumours invading adjacent structures (pT4) and lymph node metastases with an 

overall higher mean lymph node ratio in EOCRC versus LOCRC (26). Moreover, Vuik et al. 

(27) established that within their EOCRC cohort exclusively, an inverse relationship existed 

between age and the presence of adverse pathological features; whereby being in a younger 

age group (20-29 vs 30-39 vs 40-49 years) was associated with an increased presence of signet-

ring cells, poorly differentiated tumours, and lymph node involvement.   
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2.4.2 Molecular features  

Studies comparing EOCRC and LOCRC have demonstrated that whilst gene mutation rates 

remain relatively the same, specific genes that have previously been established as prognostic 

biomarkers or treatment targets for LOCRC differ in EOCRC. EOCRCs harbour fewer KRAS, 

BRAFV600E and APC mutations but are more likely to have TP53 and CTNNB1 mutations 

(28-30). EOCRC tumours are also more likely to undergo epigenetic changes (promoter 

methylation of the CpG islands) (23). In recent times, consensus molecular subtypes (CMS) 

have been used to classify CRC based on molecular features. Willauer et al. (30) found that 

younger patients were more likely to be of the CMS1 subtype characterised by high 

microsatellite instability and inflammatory/immunogenic markers, which is associated with 

germline mutations implicated in hereditary syndromes such as Lynch syndrome. Despite this, 

approximately 80-85% of EOCRCs are sporadic, microsatellite stable tumours (31). Lam et al.  

(32) demonstrated a link between NR0B2 frameshift variants and increased susceptibility to 

microsatellite stable, APC-negative EOCRC. Further, recent molecular research has 

demonstrated a higher tumour mutational burden and distinct innate immune signature of 

EOCRC, has correlated specific gene mutations (SSA1, C7, CFD, CXCL3, IL1B, MET, 

TNS1), and aberrant pathways (wild-type WTN and mutated TGF-β pathway) with poorer 

overall survival (OS) in EOCRC and has identified accelerated ageing in normal mucosa of 

EOCRC patients as a potential contributor to carcinogenesis (33-36). While molecular studies 

comprise a substantial amount of the current EOCRC body of literature, most of these studies 

are limited by a lack of reproducibility, heterogeneous inclusion criteria and methods, and small 

cohort sizes. To date, the molecular landscape and diagnostic, prognostic, and therapeutic 

biomarkers of EOCRC are relatively unknown.  
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2.5 Survival outcomes of EOCRC  

At present, EOCRC survival studies are limited with varying EOCRC definitions and different 

survival measures. As such, the results of these studies are conflicting and are difficult to 

interpret without more uniform research. For example, two large studies found either superior 

or equivalent survival outcomes of EOCRC patients compared to their LOCRC counterparts 

despite a higher rate of advanced stage at diagnosis. More specifically, Saraste et al. (37) in 

their large Swedish study investigating 34,434 CRC patients found that EOCRC patients had a 

superior 5-year stage-adjusted disease-free survival (DFS) in comparison to those aged 50-74 

and  75 (stage I: 0.96 vs 0.88 vs 0.69, p < 0.001; stage II: 0.90 vs 0.82 vs 0.62, p < 0.001 and 

stage III: 0.77 vs 0.68 vs 0.49, p < 0.001). O’Connell et al. (24) in their study of 47,791 SEER 

database patients demonstrated that whilst younger CRC patients (20-40 vs 60-80 years) had 

an overall worse 5-year cancer-specific survival (61.5% vs 64.9%, p = 0.015), after adjusting 

for stage, the 5-year stage-specific survival was similar for stage I (93.3% vs 94.9%, p > 0.05) 

and III (58.9% vs 57.2%, p > 0.05 ) disease and better for stage II disease (88.6% vs 82.7%, p 

= 0.01). The improved survival benefit of EOCRC patients following stage adjustment was 

supported by Cheng et al. (38).  Other studies investigating early-onset rectal cancer have found 

a significant improvement in OS at the 5- and 12-year marks (39, 40). The improved or 

equivalent survival outcomes of EOCRC patients in these studies has been attributed to their 

fewer comorbidities and higher receipt of neoadjuvant therapy and surgery. By contrast, a 2021 

Australian rectal cancer study found that EOCRC patients had poorer median DFS post-

neoadjuvant radiotherapy and surgery (4.67 vs 16.02 months, p = 0.023) as well as a poorer 

progression-free (2.66 vs 9.70 months, p = 0.006) and OS (40.46 vs 58.26 months, p = 0.036) 

following relapse. The authors of this study hypothesised that this was due to the more 

aggressive tumour biology of younger-onset rectal cancer and its potential to create a treatment-

resistant environment (41). 
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2.6 Limitations of current research 

Although a substantive platform of EOCRC research exists, there are a few notable limitations. 

Firstly, most EOCRC studies comprise American-only cohorts, limiting the generalisability of 

their results. Secondly, aside from research into the risk factors of EOCRC, there is a 

substantially larger proportion of studies utilising smaller cohort sizes and a retrospective study 

design. Hence, the impact of selection bias inherently associated with this study design cannot 

be ignored. Thirdly, a comparison of variables and outcomes with LOCRC was only performed 

in roughly half of the studies limiting the ability to interpret comparative differences between 

these groups and thus ascertain whether current management guidelines translate (with the 

same efficacy) to EOCRC patients. Lastly, current literature primarily investigates the 

epidemiology, risk factors and molecular profile of EOCRC. However, studies focusing on the 

surgical outcomes and HRQoL of EOCRC are scarce. 

 

2.7 Current gaps that require further exploration  

Two recent American studies have investigated the comparative short-term surgical outcomes 

of EOCRC versus LOCRC and early-onset versus later-onset rectal cancer. In both studies, the 

early-onset groups had significantly reduced 30-day mortality (0.4% vs 1.8%, p = 0.04 and 

0.3% vs 1.3%, p = 0.04, respectively) and 30-day postoperative complications (18% vs 22%, 

p = 0.02 and 25% vs 29%, p = 0.02, respectively) on univariate analyses, which did not 

demonstrate statistically significant differences on multivariate analyses. This was thought to 

be secondary to the confounding effect of the larger tumour sizes and aggressive histopathology 

of early-onset tumours (42, 43). Unfortunately, these studies were limited by their lack of long-

term postoperative data and lack of information regarding surgical margins. Aside from these 
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two studies, few other large non-American cohort studies investigate the surgical outcomes of 

EOCRC, and thus further research is warranted.  

 

Utilising the Functional Assessment of Cancer Therapy-Colorectal (FACT-C) questionnaire, 

Miller et al. (44) compared the HRQoL of EOCRC patients 6-18 months and 19-36 months 

from diagnosis. They demonstrated low global and domain-specific HRQoL scores overall and 

a significant positive correlation between time elapsed from diagnosis/relapse and physical 

(14.31 vs 16.56, p = 0.001) and emotional (11.3 vs 12.56, p = 0.007) well-being scores. Other 

current quality-of-life EOCRC research comprises small qualitative interview-style studies that 

lack reproducibility (45). By comparison, HRQoL in CRC has been widely studied using a 

variety of measurement tools (FACT-C, the European Organisation for Research and Treatment 

of Cancer Quality of life (EORTC) and Quality of Life Questionnaire Colorectal Cancer 

Module (QLQ-CR38/29)) with results demonstrating near equivocal HRQoL following 

primary treatment to the general population except for those patients receiving palliative care 

(46). Despite this, scores were heterogeneous between measurement tools. To ascertain if this 

HRQoL disparity between EOCRC and general CRC is valid, further research comprised of 

large prospective studies comparing EOCRC and LOCRC utilising a uniform HRQoL 

assessment tool is imperative.  

 

2.8 Conclusion  

This review has demonstrated that EOCRC differs from LOCRC, characterised by subtle 

dissimilarities in risk factors (particularly regarding timing of exposure) and molecular profiles. 

Despite the increasing incidence of EOCRC and a plethora of studies that highlight the same, 

EOCRCs are still diagnosed at more advanced stages with a delay in diagnosis from symptom 
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onset. Surgeon awareness of this is imperative to timely diagnosis and workup of EOCRC. 

Moreover, to optimise the current treatment algorithms of EOCRC, larger, prospective research 

with an emphasis on survival, surgical outcomes and HRQoL needs to be performed.   
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Chapter 3: Surgical and survival outcomes of early-onset colorectal cancer patients: a 

single-centre Australian study 

 

3.1 Introduction  

As demonstrated in Chapter 2, despite the rise in EOCRC incidence, EOCRC remains a 

relatively infrequent diagnosis in this age group. Benign anorectal disease also presents 

similarly and thus EOCRC is a less likely consideration in primary care. Consequently, the 

proportion of emergency presentations and advanced-stage disease at the time of diagnosis of 

EOCRC patients is significantly higher (1, 2). Whilst it has been well established that EOCRC 

patients are more likely to undergo multi-agent chemotherapy and radiotherapy than their 

LOCRC counterparts, studies investigating their surgical management are scarce (2). Further, 

over the last few decades, PE, and CRS and HIPEC have become the mainstream treatment 

options for selected CRC patients with locally invasive pelvic disease and stage IV disease 

(M1c), respectively. These represent options for the high burden of EOCRC patients with 

advanced disease. The aim of Chapter 3 is to report on the postoperative and survival outcomes 

of EOCRC at a single Australia centre, which is also a quaternary referral centre for PE and 

CRS and HIPEC. 

 

3.2 Methods 

This study was conducted in agreement with the Declaration of Helsinki. Ethics approval and 

Governance Authorisation were obtained from the Sydney Local Health District Human 

Research Ethics Committee (ethics approval identification X21-0214 and 2021/ETH00976).  
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A retrospective study was conducted on 111 EOCRC patients treated in the Colorectal Surgical 

Unit at the Royal Prince Alfred Hospital (RPAH), Sydney, Australia between January 2013 and 

December 2021 (inclusive). Patients were included if they had: (1) histopathologically 

diagnosed colorectal adenocarcinoma prior to the age of 50 and (2) underwent surgical 

resection (regardless of primary or subsequent resection) of their CRC at RPAH. Patients were 

excluded if no data from their primary operation was available.  

 

Data regarding patients’ primary operations were collected from electronic and paper medical 

records. Patients’ demographic and surgical outcomes data were collected. High and low 

anterior resection were defined as final anastomosis above and below the peritoneal reflection, 

respectively (3). The Clavien-Dindo Classification was used to grade complication severity (4). 

Survival data collected included: absolute survival, DFS and OS. Absolute survival was 

defined as the percentage proportion of patients alive at one, three and five-year time intervals 

from their primary surgery. DFS was defined as the time from resection to radiological or 

histopathological confirmation of disease recurrence. OS was defined as the time from 

resection to death. If recurrence or death did not occur prior to the end date of this study (1st 

July 2022), the patient’s date of last contact was used as the censored date.  

 

Statistical analyses were performed using IBM SPSS Statistics Version 26. A descriptive 

analysis was performed. DFS and OS were calculated using Kaplan-Meier survival curves. 

After matching for stage, log-rank tests assessed whether DFS and OS differed significantly 

based on age, tumour location and surgery type. Data were complete for each variable in this 

study.   
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3.3 Results 

Of the 156 patients who met the inclusion criteria for this study, 45 were excluded due to no 

information on their primary operation. Thus, a total of 111 EOCRC patients were included for 

data analysis (Figure 1). 

 

Figure 1. Flowchart demonstrating final study numbers after exclusion criteria applied 

 

3.3.1 Demographic and tumour characteristics  

This cohort was comprised of 57.66% women (n = 64/111). The average age at diagnosis was 

38.20  6.80 years. Most patients were diagnosed between the ages 40-49 years (46.85%, n = 

52/111), followed by 30-39 years (41.44%, n = 46/111) and <30 years (11.71%, n = 13/111). 

In this study, 68 patients (61.26%) had colon cancer and 43 had rectal cancer (38.74%). Despite 

this, almost 80% of all tumours were left-sided with a nearly equal distribution between 

tumours located between the splenic flexure and sigmoid colon (37.84%, n = 42/111) and those 

located in the rectum (38.74%, n = 43/111). Forty-two (37.84%) patients were diagnosed with 

stage IV disease at the time of presentation. Thirty-four (30.63%), 20 (18.02%) and 15 

(13.51%) patients were diagnosed with stage III, II and I disease respectively. Whilst 16 

patients (14.41%) did not receive any chemotherapy or radiotherapy, 26.13% (n = 29/111) 

underwent neoadjuvant chemoradiotherapy (CRT), 45.95% (n = 51/111) had adjuvant 
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chemotherapy and 10.81% (n = 12/111) had combined neoadjuvant CRT and adjuvant 

chemotherapy. Three patients (2.70%) underwent palliative chemotherapy or radiotherapy. 

Further demographic and tumour characteristics are detailed in Table 1.  

 

Table 1. Patient and tumour characteristics of EOCRC patients 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 
 

 

 

Variables  Frequency (n=111, %) 

Gender, female n=64 (57.66%) 

Age at diagnosis   
 <30 years n=13 (11.71%) 
 30-39 years n=46 (41.44%) 

 40-49 years  n=52 (46.85%) 

Chemotherapy or radiotherapy   
 None n=16 (14.41%) 
 Neoadjuvant CRT n=29 (26.13%) 
 Adjuvant chemotherapy n=51 (45.95%) 

 Neoadjuvant CRT and adjuvant chemotherapy  n=12 (10.81%) 
 Palliative chemotherapy or radiotherapy  n=3 (2.70%) 

Tumour location  
 Caecum to transverse colon n=26 (23.42%) 
 Splenic flexure to sigmoid colon n=42 (37.84%) 

 Rectum n=43 (38.74%) 

Mucinous  n=28 (25.23%) 

Signet ring  n=14 (12.61%) 

Stage at diagnosis   
 I n=15 (13.51%) 

 II n=20 (18.02%) 
 III n=34 (30.63%) 
 IV  n=42 (37.84%) 
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3.3.2 Surgical outcomes  

Eighty patients (72.07%) did not undergo either PE or CRS and HIPEC. In this group, low 

anterior resection (19.82%, n = 22/111) was performed most frequently followed by high 

anterior resection (17.12%, n = 19/111), right hemicolectomy (14.41%, n = 16/111), 

abdominoperineal resection (6.31%, n = 7/111), Hartmann’s procedure (5.41%, n = 6/111), 

extended right hemicolectomy (2.70%, n =  3/111), left hemicolectomy (2.70%, n = 3/111), 

total colectomy (1.80%, n = 2/111) and total proctocolectomy (1.80%, n = 2/111). Thirty-one 

patients (27.93%) underwent either PE or CRS and HIPEC. PE was performed in 11.71% (n = 

13/111) of patients and CRS and HIPEC was performed in 15.32% (n = 17/111) of patients. 

One patient underwent combined PE and CRS and HIPEC. Half of this study’s cohort had a 

stoma fashioned (50.45%, n = 56/111) and 26.13% (n = 29/111) of all patients had their surgery 

performed in an emergency setting.  

 

A postoperative intensive care unit (ICU) admission occurred in 40.54% (n =45/111) patients 

with a mean duration of 5.80  11.60 days. Total parenteral nutrition (TPN) was administered 

to 30.63% (n = 34/111) patients postoperatively for an average of 16.10  23.20 days. The 

mean time to pass flatus and stool was 4.80  2.80 and 5.20  3.10 days, respectively. 

Complications occurred in 54.95% (n = 61/111) patients of which Clavien-Dindo grade II 

(47.54%, n = 29/61) was the most common followed by grades III (19.67%, n = 12/61) and IV 

and I (16.39%, n = 10/61 for both). Ten (9.01%) patients were taken back to theatres and there 

were no deaths within 30 days following surgery. All postoperative outcomes for EOCRC 

patients are demonstrated in Table 2.  
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CRS/HIPEC and PE-specific outcomes  

Of the 13 patients that had a PE, ten (76.92%) had an R0 resection and three had an R1 resection 

(23.08%). No patients had an R2 resection. Out of the 17 patients who underwent CRS and 

HIPEC, mitomycin was used as the HIPEC agent in 12 patients (70.59%) and oxaliplatin in 

five (29.41%). The mean PCI was 10.00  4.66 and most patients (88.24%, n = 15/17) had a 

CC-1 score followed by CC-0 (11.76%, n = 2/17,). No patients had a CC score of two or three.  

 

Table 2. Surgical outcomes of EOCRC patients  

 

Variables Frequencies (n (%) or mean  SD 

Type of Surgery  All (n=111) Other colorectal 
resections (n=80) 

CRS and HIPEC or 
PE (n=31) 

Emergency surgery n=29/111 (26.13%) n=17/80 (21.25%) n=12/31 (n=38.71%) 

Stoma  n=56/111 (50.54%) n=38/80 (47.50%) n=18/31 (58.06%) 

ICU admission  n=45/111 (40.54%) n=14/80 (17.50%) n=31/31 (100.00%) 

ICU length of stay (days) 5.80  11.60 4.50  4.20 6.30  13.60 

TPN  n=34/111 (30.63%) n=5/80 (6.25%) n=29/31 (93.55%) 

Time on TPN (days) 16.10  23.20 15.00  13.50 16.30  24.60 

Time to pass flatus (days) 4.80  2.80 3.60  1.50 6.10  3.40 
Time to first bowel motion 
(days) 5.20  3.10 4.20  1.80 6.40  3.90 

Length of hospital stay (days) 15.90  18.40  11.40  9.60 27.10  28.30 

Complications  n=61/111 (54.95%) n=37/80 (46.25%) n=24/31 (77.42%) 

Clavien-Dindo grades     

 I n=10/61 (16.39%) n=7/37 (18.92%) n=3/24 (12.50%) 

 II n=29/61 (47.54%) n=17/37 (45.95%) n=12/24 (50.00%) 

 III n=12/61 (19.67%) n=6/37 (16.22%) n=6/24 (25.00%) 

 IV n=10/61 (16.39%) n=7/37 (18.92%) n=3/24 (12.50%) 

Wound complications n=12/111 (10.81%) n=8/80 (10.00%) n=4/31 (12.90%) 

Abdominal collection n=20/111 (18.02%) n=8/80 (10.00%) n=12/31 (38.71%) 

Return to theatre < 30 days n=10/111 (9.01%) n=6/80 (7.50%) n=4/31 (12.90%) 

Death < 30 days  n=0/111 (0.00%) n=0/80 (0.00%) n=0/31 (0.00%) 
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3.3.4 Survival  

For survival analysis, the singular patient who underwent PE and CRS and HIPEC was 

excluded. The median follow-up time was 21.00 months (IQR: 8.00-36.50). Disease recurrence 

occurred in 38.74% of the patients (n = 43/111) and their median DFS was 13.90 (IQR: 7.20 - 

29.30) months. Absolute survival rates at 1-, 3- and 5-year time intervals were 93.69%, 87.39% 

and 86.48%, respectively. After adjusting for stage, an adverse DFS and OS were demonstrated 

for PE followed by CRS and HIPEC then other colorectal resections for patients with stage IV 

disease (p < 0.001 and p = 0.003, respectively) (Figure 2). DFS was significantly poorer in 

those aged < 30 followed by 30-39 and 40-49 with stage II disease (p < 0.001). However, it is 

important to note that only one patient < 30 years old had stage II disease. For all other matched 

stages, age, type of surgery and tumour location had equivocal DFS and OS.  
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Figure 2. DFS and OS for stage IV EOCRC patients based on type of surgery 

 

 



 

 

46 

3.4 Discussion  

This study is the first of its kind to examine the surgical treatment patterns and outcomes of an 

Australian EOCRC cohort that included a subset of patients who had undergone PE and CRS 

and HIPEC.  Overall, we demonstrated that left-sided and advanced disease at the time of 

presentation was common. A substantial proportion of our EOCRC patients underwent either 

PE or CRS and HIPEC and had a stoma fashioned. Although they had complicated 

postoperative courses, the majority were minor. Whilst PE and CRS and HIPEC were 

associated with poorer stage-matched DFS and OS in comparison to other colorectal resections, 

the overall 5-year absolute survival in this cohort was good (86.48%). 

 

In keeping with previous literature, the majority of our EOCRC cohort had stage IV disease at 

the time of presentation (37.84%) and left-sided disease was more common (76.58%) (1, 5-8). 

Subsequently, almost one-third of our EOCRC patients underwent either PE, CRS and HIPEC 

or both for their primary operation. This trend towards more aggressive surgical approaches in 

EOCRC patients has also been demonstrated in a large Chinese cohort. Gao et al. (9), through 

their comparison of 6,369 EOCRC and 27,698 LOCRC patients, found that EOCRC patients 

were more likely to undergo an extended radical resection (12.6% vs 10.2%, p < 0.001). 

Unfortunately, their paper did not define extended radical resections and thus, it is unclear if 

they were referring to PE and CRS and HIPEC. In our study, for those patients who did not 

undergo PE or CRS and HIPEC, the most common operation types were variations of left 

colonic resections.  

 

Only three other studies have investigated the short-term surgical outcomes of EOCRC 

patients. Two large-scale studies utilised the American College of Surgeons National Surgical 

Quality Improvement Program (NSQIP) dataset to compare early- and late-onset colon and 
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rectal cancer and found that younger patients had lower complication rates (18% vs. 22%, p = 

0.02 and 25% vs. 29%, p = 0.02) (10, 11). By comparison, Avellaneda et al. (1), in their 

Argentinian cohort of 34 EOCRC and 175 LOCRC patients, demonstrated a higher reoperation 

rate (18.75% vs. 7.43%, p = 0.04) and complication rate in their younger patients (43.75% vs. 

28%, p = 0.07) of which 64.29% were graded III and IV Clavien-Dindo complications. 

Interestingly, EOCRC patients in our study had a higher complication rate (54.95%) but lower 

rates of major complications (36.06%) and return to theatres (9.01%). This high complication 

rate is contributed to, at large, by the cohort undergoing either PE or CRS and HIPEC with 

77.42% experiencing complications. The fact RPAH is a quaternary referral service for PE and 

CRS and HIPEC may explain the fewer major complications and takebacks to theatres. 

Unfortunately, data on postoperative complication type, return to normal gut function and 

nutrition, ICU admission and length-of-stay were not reported in these EOCRC surgical 

outcomes studies.  

 

Whilst the wound complication rate in this EOCRC cohort is equivalent to those reported for 

LOCRC (10.81% vs 12.6%), the rate of abdominal collections (18.02% vs 9.9%) and time to 

first flatus (4.80 vs 2.3-3.8) and bowel motion (5.20 vs 3.4-4.9) were increased (12, 13). These 

results are again contributed to by the cohort undergoing PE and CRS and HIPEC where 

38.71% of patients had abdominal collections and the mean time to pass first flatus and stool 

was 6.10 and 6.40 days, respectively. Postoperative abdominal collections have been associated 

with prior radiation and are a common complication following CRS and HIPEC with heat 

injury, the shrinking effect of HIPEC on infiltrating tumour nodules located on the intestinal 

wall and the suctioning of the outflow catheter as proposed mechanisms (12, 14). Postoperative 

ileus has been linked with stoma formation and in this study, nearly 60% of PE and CRS and 

HIPEC patients had a stoma fashioned (15). Although this rate is high, it is secondary to 
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patients who required faecal diversion following pelvic anastomoses post-HIPEC and patients 

who underwent PE (16). Surprisingly, the rate of stoma formation in patients undergoing other 

colorectal resections was close to 50% which can be explained by the high proportion of 

patients in this group who underwent an emergency operation (21.25%). Other studies have 

also demonstrated comparatively higher rates of emergency resections in their EOCRC versus 

LOCRC cohorts (11.3-15.63% vs 6.86-7.8%) (10, 11). The large percentage of patients 

requiring ICU admission and TPN is secondary to the standardised postoperative management 

of patients undergoing PE and CRS and HIPEC at RPAH.   

 

PE followed by CRS and HIPEC then other colorectal resections had significantly poorer DFS 

and OS in EOCRC patients with stage IV disease only. This result is not surprising and is 

explained by the relatively smaller disease burden of non-PE and CRS and HIPEC patients and 

the enhanced cytotoxicity from direct exposure to heated chemotherapy in the CRS and HIPEC 

group which has been shown to confer a survival benefit (17, 18). Interestingly, despite this 

finding and the fact that nearly one-third of our cohort underwent either PE or CRS and HIPEC, 

the absolute five-year survival rate was 85.5%. This highlights that in appropriately selected 

EOCRC patients who have been referred to a quaternary hospital specialising in PE and CRS 

and HIPEC, these can be performed with acceptable survival with the trade-off of high rates of 

stoma formation and minor postoperative complications. To assess the impact of this on the 

quality of life of EOCRC patients, our centre has conducted a cross-sectional analysis utilising 

the SF-36v2. The results of this analysis will be detailed in Chapter 4.   

 

3.4.1 Limitations  

Firstly, this study utilised data from a single quaternary referral centre for CRC patients in 

Australia and thus, referral bias, particularly for advanced cancers may have skewed the results 
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of this study, limiting its generalisability. Secondly, due to the retrospective nature of this study, 

there is an inherent risk of selection bias. Thirdly, although EOCRC incidence is increasing, 

the number of EOCRC patients relative to LOCRC patients is still small. This limited the study 

size of our cohort and decreased the statistical power of our study. Fourthly, due to the high 

proportion of patients referred to RPAH, a significant amount of EOCRC patients’ molecular 

and oncological data were not captured in the electronic databases interrogated for this study. 

Lastly, no comparison to LOCRC patients was made in this study, limiting the ability to 

determine if any significant differences in surgical outcomes and survival exist between 

EOCRC and LOCRC patients.  

 

3.5 Conclusion 

This study is the first of its kind to describe the surgical and survival outcomes of EOCRC 

patients treated at an Australian centre which is also a quaternary referral centre for PE and 

CRS and HIPEC. The majority of EOCRC patients had left-sided and stage IV disease at the 

time of presentation. PE and CRS and HIPEC were performed in nearly one-third of the cohort 

and the rate of stoma formation was high. Postoperative complications were common; 

however, the majority were minor. The absolute five-year survival rate was 85.5% and PE and 

CRS and HIPEC conferred poorer DFS and OS in comparison to other colorectal resections in 

stage IV patients. Future research evaluating the impact of this on the functional outcomes and 

quality of life of EOCRC is necessitated.  
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Chapter 4: The health-related quality of life of early-onset colorectal cancer patients: an 

Australian cross-sectional study 

 

4.1 Introduction  

EOCRC patients are a unique cohort that is theoretically more likely to place significant value 

on returning to or improving upon their preoperative HRQoL following surgery due to their 

need to return to paid work, their studies, or their familial roles. In Chapter 3, we showed that 

a high proportion of EOCRC patients presented with advanced disease, underwent either PE 

or CRS and HIPEC, had their surgery performed in an emergency setting with high rates of 

stoma formation and experienced significant rates of minor postoperative complications (1-5). 

Whilst these findings have been corroborated by other EOCRC studies, minimal qualitative 

and quantitative research exists that evaluates the impact of this on the postoperative HRQoL 

of EOCRC patients. Generally, these studies have demonstrated lower HRQoL of EOCRC 

patients relative to LOCRC patients with significantly poorer physical, psychosocial, and 

financial well-being (6-10). However, a recent systematic review of these studies found 

significant heterogeneity in quantitative HRQoL scoring tools and a lack of comparison to 

population norms (11). Current HRQoL EOCRC research is also limited by a lack of evaluation 

of patients undergoing PE or CRS and HIPEC.  

 

Therefore, this study is the first of its kind to quantitatively evaluate the postoperative HRQoL 

of an Australian cohort of EOCRC patients referred to a highly specialised centre utilising 

norm-based summary scores from SF-36v2. A secondary aim of this study will be to identify 

the determinants of EOCRC patients' HRQoL.  
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4.2 Methods 

This study was conducted in agreement with the Declaration of Helsinki. Ethics approval and 

Governance Authorisation were obtained from the Sydney Local Health District Human 

Research Ethics Committee (ethics approval identification X21-0214 and 2021/ETH00976).  

 

4.2.1 Study Design, Setting and Participants  

A cross-sectional study was performed on EOCRC patients who were treated in the Colorectal 

Surgical Unit at the RPAH, Sydney, Australia. This study’s methodology adhered to the 

Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines 

on reporting cross-sectional studies (12). Patients were included if they had: 

histopathologically diagnosed colorectal adenocarcinoma prior to the age of 50 and were 

surgically treated for their CRC between January 2013 and December 2021 (inclusive) at 

RPAH (regardless of primary or subsequent resection). Patients were excluded if no data from 

their primary operation was available, they did not consent to participate or had passed away. 

Further, for ethical purposes, patients who were in the terminal phase were also excluded.   

 

4.2.2 Variables, Data Sources and Measurement 

The SF-36v2 is a tool that quantitatively evaluates HRQoL. It is comprised of 36 questions that 

target eight domains of health (physical functioning, role physical, bodily pain, general health, 

vitality, social functioning, role emotional and mental health). Overall physical and mental 

HRQoL can be derived from these scores as reflected by the physical component summary 

(PCS) and mental component summary (MCS) scores. Further, norm-based scores were used 

to represent the data for EOCRC patients in this study and these were compared to the norm-

based scores of the general Australian population. Scores that fell within plus or minus three 

of the population mean of 50 were normal. Therefore, scores below 47 or above 53 reflected 
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poorer or better than average health status. The SF-36v2 is a well-validated HRQoL assessment 

of general and scientific populations that compares the relative burden of disease and 

differentiates the health benefits of a variety of different treatments (13). It has also been 

validated as a metric of postoperative recovery in colorectal patients (14).   

 

For patients who underwent PE or CRS and HIPEC, SF-36v2 surveys are performed routinely 

pre- and postoperatively at 6-monthly intervals up to three years, then at 12-monthly intervals 

up to five years as part of the PESQI and PREMIER databases at RPAH. The PESQI and 

PREMIER databases are prospectively maintained databases on PE and CRS and HIPEC 

patients at RPAH (15, 16). For these patients in our cohort, the most recent SF-36v2 (relative 

to this study’s data collection end date) was used. For patients who underwent other colorectal 

resections, SF-36v2 surveys were posted to patients in November 2022. Follow-up phone calls 

were made to patients who had not returned the survey one and two months following the initial 

postage. The end date for data collection was March 2023.  

 

Data was collected from a combination of the PESQI and PREMIER databases and patients' 

electronic and paper medical records. Data collected included patient demographics, the time 

interval from initial surgery and surgical outcomes data such as surgery type, duration of 

surgery (hours), emergency operation, ostomy formation, ICU admission, TPN requirement, 

hospital length of stay (days) and in-hospital complications. Data collection was complete for 

all variables.  

 

4.2.3 Bias, Quantitative Variables and Statistical Methods 

The cross-sectional design of this study was chosen to reduce the confounding effect of time 

and disease progression on HRQoL scores. Specifically, our cohort was divided into those ≤ 2 
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years from their index surgery and those who were > 2 years. A cut-off of two years was chosen 

as studies have demonstrated that over 50% of CRC patients recur within this time frame (17). 

Optum software was used to transform SF-36v2 question answers into norm-based PCS and 

MCS scores. Statistical analyses were performed using IBM SPSS Statistics Version 26. 

Utilising the Shapiro-Wilk test, data was determined to be non-parametric. Continuous data 

were presented as medians (interquartile range (IQR)) and categorical data were presented as 

frequencies (%). The Mann-Whitney U test and Kruskal-Wallis one-way analysis of variance 

were used to assess if a significant relationship existed between variables and PCS and MCS 

scores.  

 

4.3 Results  

4.3.1 Participants  

A total of 156 patients met the inclusion criteria for this study. After accounting for those who 

did not have complete data on their primary operation or were terminal or dead, 93 patients 

remained. Of the 21 (n = 21/93, 22.6%) patients who had undergone PE or CRS and HIPEC, 

16 (n = 16/93, 17.2%) consented to have their SF-36v2 surveys stored in PESQI and PREMIER 

databases. Of the 72 (n = 72/93, 77.4%) patients who underwent other colorectal resections, 34 

(n = 34/93, 36.6%) consented and returned their SF-36v2 surveys. In total, 50 (n = 50/93, 

53.8%) patients were included for analysis in this study (Figure 1).   
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Figure 1. Flowchart demonstrating final study numbers after exclusion criteria were applied 

 

4.3.2 Demographic and surgical outcomes  

Overall, the median age of patients was 40.0 (36.8-45.0) years. Most patients had stage IV 

disease at the time of diagnosis (n = 16, 32.0%), followed by stages II (n = 13, 26.0%), III (n 

= 11, 22.0%) then I (n = 10, 20.0%). Left-sided disease occurred in 39 patients (78.0%), whilst 

right-sided disease occurred in 10 (20.0%). Of the 16 patients that underwent PE or CRS and 

HIPEC, six (12.0%) underwent PE and ten (20.9%) underwent CRS and HIPEC. Other 

n=156 EOCRC patients surgically managed at the 
Colorectal Unit, RPAH between 2013-2021  

n=111 EOCRC patients after excluding those with 
incomplete data on primary operation  

n=93 EOCRC patients after excluding those who had 
passed away or were on end-of-life pathway 

n=21 EOCRC PE or CRS and HIPEC 
patients with data in PESQI or PREMIER 

databases  

n=72 EOCRC patients who underwent other 
colorectal resections that were sent SF-36 

surveys  

n=16 EOCRC PE or CRS and HIPEC 
patients with complete SF-36v2 data on 

PESQI or PREMIER databases  

n=34 EOCRC patients who underwent other 
colorectal resections that consented to 
participate and returned their SF-36v2 

surveys  

n=50 EOCRC patients for analysis 
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colorectal resections were performed in 34 patients (68.0%). Emergency surgery was 

performed in 12 patients (24.0%), a stoma was fashioned in nearly half of the cohort (n = 20, 

40.0%) and 19 patients (38.0%) experienced postoperative complications. Whilst 19 patients 

(38.0%) were ≤ 2 years from their index colorectal surgery, 31 patients (62.0%) were > 2 years. 

Table 1 demonstrates demographic and surgical variables based on the time interval from 

surgery using the cut-off of two years. In the ≤ 2 vs > 2-years groups, there were smaller 

proportions of rectal tumours (15.8% vs 54.8%) and no PEs performed (0% vs 19.4%). 

Otherwise, all other variables remained similar. The median follow-up time for patients was 

24.0 months (range, 1.0-95.0 months).  

 

4.3.3 PCS and MCS scores relative to the Australian population  

For patients ≤ 2 years from the initial surgery, the median PCS and MCS scores were 53.3 

(IQR: 36.4-58.9) and 47.3 (IQR: 37.5-55.7), respectively. For those > 2 years from index 

procedure, the median PCS and MCS scores were 50.6 (IQR: 43.3-57.7) and 50.2 (IQR: 39.04-

56.2), respectively. EOCRC patients ≤ 2 years from index surgery had PCS scores that were 

higher than the norm-based range (47-53) and the Australian population PCS score. The PCS 

score for EOCRC patients > 2 years from index surgery was within the norm-based range and 

was similar to the Australian population PCS score. EOCRC patients ≤ 2 and > 2 years from 

index surgery had MCS scores that were within the norm-based range but were slightly lower 

than the Australian population MCS score (Table 2).  
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Table 1. Demographic and surgical variables of patients ≤ 2 and > 2 years from index surgery 

 

 

 

 

 Frequency n (%) 

Variables Overall (n=50) ≤ 2 years (n=19) > 2 years (n=31) 

Sex (male) n=13 (26.0) n=6 (31.6) n=7 (22.6) 

Tumour location     

 Caecum to transverse colon n=11 (22.0) n=8 (42.1) n=3 (9.7) 

 Splenic flexure to sigmoid colon n=19 (38.0) n=8 (42.1) n=11 (35.5) 

 Rectum  n=20 (40.0) n=3 (15.8) n=17 (54.8) 

Tumour stage     

 I n=10 (20.0) n=3 (15.8) n=7 (22.6) 

 II n=13 (26.0) n=5 (26.3) n=8 (25.8) 

 III n=11 (22.0) n=4 (21.1) n=7 (22.6) 

 IV n=16 (32.0) n=7 (36.8) n=9 (29.0) 

Chemotherapy or radiotherapy n=41 (82.0) n=15 (78.9) n=26 (83.9) 

Type of surgery     

 PE or CRS and HIPEC    

  PE n=6 (12.0) n=0 (0.0) n=6 (19.4) 

  CRS and HIPEC n=10 (20.0) n=6 (31.6) n=4 (12.9) 

 Other colorectal resection n=34 (68.0) n=13 (68.4) n=21 (67.7) 

Emergency operation  n=12 (24.0) n=6 (31.6) n=6 (19.4) 

Length of surgery     

 ≤ 4 hours n=27 (54.0) n=12 (63.2) n=15 (48.4) 

 > 4 hours n=23 (46.0) n=7 (36.8) n=16 (51.6) 

Length of hospital stay (days)    

 ≤ 5 days n=18 (36.0) n=5 (26.3) n=13 (41.9) 

 > 5 days n=32 (64.0) n=14 (73.7) n=18 (58.1)  

Stoma formation n=20 (40.0) n=6 (31.6) n=14 (45.2) 

ICU admission  n=17 (34.0) n=6 (31.6) n=11 (35.5) 

TPN  n=16 (32.0) n=6 (31.6) n=10 (32.3) 

Complications n=19 (38.0) n=6 (31.6) n=13 (41.9) 
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Table 2. PCS and MCS scores for patients ≤ 2 and > 2 years from index surgery compared with 

Australian population norms  
Subscale Overalla ≤ 2 yearsa > 2 yearsa Australian 

populationb 
Physical component 
summary 

52.0 (42.6-58.7) 53.3 (36.4-58.9) 50.6 (43.3-57.7) 50.3 (9.7) 

Mental component 
summary  

48.8 (39.0-55.8) 47.3 (37.5-55.7) 50.2 (39.0-56.2) 52.9 (10.2) 

avalues are median (IQR) due to the non-normal distribution of this study’s data  
bvalues are mean (SD) as presented by Austin et al. (18) 

 

4.3.4 Variables that impacted PCS and MCS scores between groups 

Tables 3 and 4 demonstrate the association between variables and PCS and MCS scores in 

EOCRC patients ≤ 2 and > 2 years from index surgery, respectively. Stage was significantly 

associated with PCS scores in patients ≤ 2 years but not > 2 years from surgery (p = 0.02). 

Specifically, having stage I disease at the time of presentation detrimentally impacted PCS 

scores in comparison to those with stage II disease (31.9 vs 58.9, p = 0.04). All other 

comparisons between stages were insignificant. Having had their primary operation within an 

emergency setting was associated with poorer PCS scores in patients ≤ 2 years from surgery 

(36.1 vs 56.3, p = 0.007) but superior MCS scores in those > 2 years from surgery (56.6 vs 

44.2, p = 0.02). No other variables significantly impacted PCS or MCS scores in EOCRC 

patients ≤ 2 and > 2 years from index surgery.  
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Table 3. Association between variables and PCS and MCS scores in EOCRC patients ≤ 2 years 

from index surgery  

aSample size too small for IQR  

 

 

 PCS MCS 
Variables Median (IQR)  P-value Median (IQR) P-value 

Gender  0.52  0.90 
 Male 54.0 (44.20-60.5)  49.2 (39.6-56.0)  
 Female 53.3 (34.2-59.1)  47.3 (36.1-55.9)  
Tumour location  0.39  0.34 
 Caecum to transverse colon 54.0 (32.9-60.9)  52.0 (41.9-56.5)  
 Splenic flexure to sigmoid colon 45.7 (36.6-55.2)  41.1 (33.8-55.3)  
 Rectum 58.8a  47.3a  
Stage  0.02  0.20 
 I 31.9a   33.5a  
 II 58.9 (57.0-62.3)  47.3 (35.9-56.5)  
 III 55.5 (48.2-60.9)  45.5 (41.5-51.8)  
 IV 37.1 (35.8-55.2)  55.1 (40.4-57.0)  
Type of surgery  0.07  0.34 
 PE or CRS and HIPEC     
  PE -  -  
  CRS and HIPEC 36.7 (34.4-54.0)  54.5 (39.7-56.8)  
 Other colorectal resection 55.2 (45.7-59.5)  46.3 (35.9-54.7)  
Emergency operation  0.007  0.90 
 Yes 36.1 (31.5-46.6)  52.2 (38.7-55.5)  
 No 56.3 (49.3-59.5)  46.3 (37.3-56.4)  
Stoma  0.96  0.73 
 Yes 55.8 (36.9-59.0)  43.9 (36.8-54.7)  
 No 51.6 (31.0-59.6)  50.5 (37.1-55.7)  
Length of surgery  0.10  0.77 
 ≤ 4 hours 57.0 (45.0-59.5)  46.8 (37.9-55.2)  
 > 4 hours 37.1a  53.9a  
ICU admission  0.07  0.37 
 Yes 36.7 (34.4-54.0)  54.5 (39.7-56.8)  
 No 55.2 (45.7-59.5)  46.3 (35.9-54.7)  
Postoperative TPN  0.07  0.37 
 Yes 36.7 (34.4-54.0)  54.5 (39.7-56.8)  
 No 55.2 (45.7-59.5)  46.3 (35.9-54.7)  
Complications  0.15  0.75 
 Yes 36.7 (34.4-54.8)  47.2 (39.7-55.5)  
 No 55.2 (45.1-59.4)  46.8 (35.3-55.2)  
Length of hospital stay  0.44  0.07 
 ≤ 5 days 58.8 (39.3-62.3)  40.5 (34.9-46.0)  
 > 5 days  52.5 (36.3-57.0)  53.7 (39.7-56.8)  
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Table 4. Association between variables and PCS and MCS scores in EOCRC patients > 2 years 

from index surgery  

aSample size too small for IQR  

 
 

 PCS MCS 
Variables Median (IQR) P-value Median (IQR)  P-value 

Gender  0.13  0.34 
 Male 45.5 (41.1-53.1)  43.0 (36.9-51.7)  
 Female 51.8 (43.5-58.7)  51.6 (40.0-56.3)  
Tumour location  0.35  0.49 
 Caecum to transverse colon 47.9a  43.0a  
 Splenic flexure to sigmoid colon 55.1 (43.3-59.6)  55.0 (46.4-56.4)  
 Rectum 50.6 (42.1-56.4)  44.2 (39.0-54.9)  
Stage  0.12  0.34 
 I 58.7 (50.6-59.6)  56.2 (43.0-56.5)  
 II 43.5 (41.2-57.3)  45.3 (37.5-49.8)  
 III 53.0 (44.5-55.1)  52.5 (39.1-55.6)  
 IV 47.0 (41.1-52.8)  43.0 (35.8-56.7)  
Type of surgery  0.10  0.19 
 PE or CRS and HIPEC      
  PE 43.2 (39.4-47.5)  39.0 (31.6-53.1)  
  CRS and HIPEC 45.1 (34.5-58.6)  56.7 (38.7-59.6)  
 Other colorectal resection 53.1 (46.2-58.2)  50.2 (43.0-55.9)  
Emergency operation  0.61  0.02 
 Yes 53.6 (47.2-56.5)  56.6 (51.0-58.4)  
 No 47.9 (43.2-58.2)  44.2 (38.0-55.4)  
Stoma  0.55  0.59 
 Yes 52.7 (41.3-57.0)  50.5 (39.1-57.6)  
 No 52.2 (45.0-58.1)  46.6 (41.5-55.8)  
Length of surgery  0.12  0.77 
 ≤ 4 hours 53.1 (47.0-60.5)  46.8 (39.1-55.6)  
 > 4 hours 44.6 (41.2-57.5)  50.5 (38.9-57.4)  
ICU admission  0.28  0.61 
 Yes 43.4 (44.4-57.0)  46.4 (33.0-57.7)  
 No 53.1 (41.1-58.7)  50.2 (43.0-56.0)  
Postoperative TPN  0.15  0.83 
 Yes 43.2 (39.1-58.7)  53.2 (32.8-58.3)  
 No 54.2 (44.6-58.6)  46.4 (43.0-54.1)   
Complications  0.23  1.00 
 Yes 45.5 (41.1-56.4)  50.2 (35.0-57.1)  
 No 54.1 (43.4-58.4)  45.5 (40.1-54.8)  
Length of hospital stay  0.49  0.74 
 ≤ 5 days 50.6 (44.4-58.4)  46.8 (38.0-56.0)  
 > 5 days  50.8 (41.3-56.9)  50.5 (39.1-56.8)  
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4.4 Discussion 

This is the first Australian study to evaluate the HRQoL of EOCRC patients including a subset 

of patients who underwent PE and CRS and HIPEC and to utilise norm-based scores to enable 

a comparison with the Australian population.  

 

For all time intervals from surgery, EOCRC patients’ PCS and MCS scores remained within 

the norm-based range. Thus, we found that EOCRC patients’ HRQoL was comparable to that 

of the Australian population. In previous studies, average-onset CRC patients’ QoL has been 

found to be equivalent to German and Finnish population norms (19, 20). However, surgical 

outcomes studies have demonstrated that EOCRC patients are more likely to undergo extended 

radical resections with higher rates of complications (2, 21). The impact of this on the QoL of 

EOCRC patients remains a grey area in the current literature and, to our knowledge, only one 

other study has compared the HRQoL of younger CRC patients to the general population. Arndt 

et al. (22) found that CRC patients aged 60 years or under had lower mean scores across all 

health domains relative to German population controls one year following surgery. The 

difference in their findings is likely explained by their inclusion of patients who were within a 

shorter postoperative time frame. Thus, the findings of our study demonstrate the resilience of 

EOCRC patients and suggest that the “longer-term” HRQoL of EOCRC patients is not hindered 

by an aggressive surgical approach and that postoperative morbidity does not necessarily 

translate into poorer physical or mental functioning.  

 

When compared to the Australian population PCS score, EOCRC patients' PCS scores trended 

slightly higher in the ≤ 2-year group (53.3 vs 50.3) but were similar in the > 2-year group (50.6 

vs 50.3). EOCRC patients often present with advanced disease, and this was true for our study 

where 32.0% of patients had stage IV disease at the time of diagnosis (2, 23). EOCRC patients 
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also experience delays in diagnosis with their symptoms being attributed to more benign 

common conditions (24-26). Thus, the transiently superior PCS score of EOCRC patients in 

comparison to the Australian population could reflect the perceived improvement of their 

physical functioning relative to their extensive preoperative disease burden and symptom 

duration.   

 

EOCRC patients in both groups had lower MCS scores in comparison to the Australian 

population's MCS score. This is not surprising as EOCRC patients have reported significant 

impacts on the financial and emotional aspects of their QoL in previous qualitative research. 

Specifically, EOCRC patients have expressed concerns regarding their financial income, work 

performance, and career trajectory and have reported a lack of social support networks, 

prolonged time away from family and significant relationship strains (27). Further, this finding 

could be explained by Calman’s (28) “gap” hypothesis; whereby EOCRC patients report poorer 

QoL due to the “gap” between their previous expectations and aspirations as a healthy 

individual and their new lived reality.  

 

In the ≤ 2-year group, having stage II disease was associated with better PCS scores than 

EOCRC patients with stage I disease at the time of presentation. All other comparisons between 

stages for the ≤ 2-year and > 2-year groups were insignificant. Ramsey et al. (29) conducted a 

longitudinal prospective HRQoL analysis using the FACT-C survey on 173 CRC patients over 

five years. They found that for stage I disease, whilst average HRQoL scores were initially low, 

they began to increase steadily around the two-year mark. For stage II and III disease, average 

HRQoL scores declined over the first two years but then increased. For stage IV disease, 

HRQoL scores declined and then plateaued at the two-year mark. Although the cross-sectional 

nature of our study prohibited an assessment of temporal changes in HRQoL, our findings are 
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similar to Ramsey et al. (29). The impact of stage on the HRQoL of EOCRC patients is likely 

dynamic and most prominent in the first two years following treatment as EOCRC patients re-

conceptualise their QoL (30). 

 

Having had an emergency index operation was significantly associated with poorer PCS scores 

in patients in the ≤ 2-year group. Emergency resections in the setting of CRC are performed 

when bowel obstruction, perforation or significant bleeding occurs (31). Although there is a 

scarcity of literature evaluating the correlation between emergency colorectal resections and 

postoperative QoL, Seeto et al. (32) demonstrated that emergency colorectal resections were 

associated with increased minor, but not major, complications and end stoma formation rates. 

Interestingly, complications and ostomy formation did not impact PCS or MCS scores in either 

≤ 2 or > 2-year groups in our study. This suggests that other factors may contribute to the 

temporary correlation between emergency surgery and poorer physical functioning such as 

exacerbation of pre-existing conditions and lack of prehabilitation, particularly for those 

undergoing either PE or CRS and HIPEC (32, 33). MCS scores were better in patients in the > 

2-year group who had an emergent, rather than elective, index surgery. This was an unexpected 

finding that may reflect small sample bias and thus warrants further investigation with larger 

cohorts.     

 

Our findings should be interpreted with some caution as this study had a small cohort limiting 

its statistical power. This is likely derived from multiple factors including the non-digital 

method of survey delivery, the length of the SF-36v2 survey itself and the fact that younger 

patients are more likely to be time-poor. This study was also limited by its cross-sectional study 

design making it subject to participation and response bias and prohibiting an assessment of a 

temporal association between EOCRC and HRQoL. The SF-36v2 survey was utilised due to 
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its ability to calculate normative scores and the fact SF-36v2 surveys were already collected as 

part of the prospectively maintained PESQI and PREMIER databases. However, the SF-36v2 

survey does not include CRC-specific questions that focus on functional outcomes such as 

bowel and urinary continence and sexual dysfunction. In the < 2-year group, PE patients either 

did not meet inclusion criteria or did not consent to have their HRQoL data collected. 

Therefore, no PE patients were included in this group which limited the analysis of surgery 

type and HRQoL. Lastly, no comparison to LOCRC was made.   

 

4.5 Conclusion  

Despite the encouraging results of this study, it is important to note that because of its 

limitations, strong conclusions could not be made. This study suggested that the HRQoL of 

EOCRC patients was equivocal to the Australian population. Having an earlier stage at 

diagnosis and emergency index operation was associated with poorer levels of physical 

functioning in patients ≤ 2 years from surgery. No other demographic or surgical variables 

significantly impacted physical or mental functioning in EOCRC patients ≤ 2 years or > 2 years 

from surgery. These findings require validation in future large-scale prospective studies that 

compare the temporal HRQoL and functional outcomes of EOCRC patients to LOCRC 

patients. 
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Chapter 5: Discussion and Conclusion 

 

5.1 Overview of principle findings 

EOCRC incidence has been increasing worldwide, particularly in Westernised countries such 

as Australia (1). Recently, CRC research has shifted its focus to establishing how EOCRC 

differs from LOCRC. In Chapter 2 we summarised these unique differences. Of particular 

importance, EOCRC patients experience delays in their diagnosis and EOCRC tumours 

harbour more aggressive histopathological features such as invasion of adjacent structures, 

perineural and lymphovascular invasion and mucinous component and signet ring morphology. 

Subsequently, advanced disease is common at the time of diagnosis of EOCRC patients. 

Despite this, there is a paucity of studies, let alone Australian studies, investigating the surgical 

outcomes of EOCRC patients and their HRQoL. Therefore, in addition to summarising the 

current EOCRC literature, this thesis aimed to describe the postoperative outcomes, survival 

and HRQoL of an Australian cohort of EOCRC patients including a subset who underwent PE 

or CRS and HIPEC.  

 

Chapter 3 described the surgical outcomes and survival of our Australian EOCRC cohort. We 

demonstrated that stage IV and left-sided disease were common at the time of presentation. 

Thus, nearly one-third of the cohort underwent either PE or CRS and HIPEC, with low anterior 

resection being the next most performed colorectal resection. Rates of stoma formation and 

minor (Clavien-Dindo grade II) postoperative complications were high. Despite this, the 

absolute five-year survival rate for the EOCRC cohort was acceptable at 85.5%.  
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Understanding the impact of these invasive oncological resections associated with high rates 

of stoma formation and postoperative morbidity on the HRQoL of EOCRC patients is 

paramount, especially in the setting of acceptable five-year survival rates. Thus, Chapter 4 

evaluated the quantitative HRQoL of our Australian EOCRC cohort utilising normative PCS 

and MCS scores from the SF-36v2 survey and identified predictors of HRQoL. Chapter 4 

showed that the physical and mental functioning of EOCRC patients were within the average 

range of the general Australian population. However, MCS scores were slightly lower than the 

mean normative MCS scores for the Australian population at both ≤ 2 and > 2-year time 

intervals. Stage I disease and emergency index operation were associated with poorer levels of 

physical functioning in the first two postoperative years.  

 

5.2 Contribution of this thesis to current knowledge and practice  

In Chapter 1, we demonstrated that the burden of EOCRC follows a geographical pattern (2). 

As a result, screening guidelines in the US changed in 2018 to reduce the screening initiation 

age to 45 (3). In Chapter 2, it became evident that the development of EOCRC is contributed 

to, at large, by environmental exposures resulting in disruption to the gut microbiome (4). 

Therefore, the findings of most EOCRC studies which predominantly evaluate US young-onset 

cohorts have limited translatability to an Australian clinical context.  

 

To address this, this thesis established an Australian cohort of EOCRC patients and to our 

knowledge, only one other Australian EOCRC cohort exists. Siu et al.’s (5) EOCRC cohort, 

whilst larger than ours with 217 patients spanning across four tertiary referral centres in NSW, 

only investigates the clinicopathological characteristics of their EOCRC patients. Therefore, 

our EOCRC cohort is unique in that its dataset is focused on postoperative outcomes, survival 
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and HRQoL and includes patients undergoing the most invasive types of colorectal oncological 

resections (PE and CRS and HIPEC). This is imperative as in Chapter 2 we demonstrated that 

EOCRC patients present with advanced disease with aggressive histopathological features. 

Thus, stage IV patients undergoing invasive oncological resections should be included in 

EOCRC datasets to obtain a complete surgical snapshot of EOCRC, minimising exclusion bias, 

and providing a foundation to direct future, more targeted, Australian research.   

 

Multidisciplinary team (MDT) meetings have been incorporated as part of the “standard-of-

care” management of CRC in Australia. It is recommended that all new CRC patients and 

mandatory that all high-risk and complex CRC cases be discussed at an MDT meeting (6).  

Whilst the composition of the MDT differs from centre to centre, they are typically comprised 

of a colorectal surgeon, medical oncologist, radiation oncologist, pathologist, and radiologist. 

At MDT meetings, patient histories and comorbidities as well as the pre-MDT work-up are 

presented followed by clinical staging by the pathologist and radiologist. Thereafter, an 

agreement is reached on optimal treatment (7). 

 

In Chapter 3, it became evident that despite a high proportion of patients with stage IV disease 

who underwent invasive oncological resections such as PE or CRS and HIPEC, the absolute 

five-year survival rate for EOCRC was acceptable. This will help guide preoperative decision-

making and MDT discussions, particularly regarding expediting onward referral to a 

quaternary service for PE or CRS and HIPEC in appropriately selected EOCRC patients. 

Further, Chapter 3 also demonstrated that EOCRC patients are more likely to have left-sided 

disease, undergo stoma formation and have their index surgery performed in an emergency 

setting (for example, for bowel perforation). Therefore, we advocate that all EOCRC patients 

should be considered as high-risk, and thus referred to an MDT for discussion.  
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In Chapter 4 we demonstrated that despite a high rate of stoma formation and postoperative 

minor complications, EOCRC patients' physical and mental HRQoL was within the average 

range of the general Australian population. This finding is significant, as every CRC patient 

undergoes extensive discussion with their surgeon preoperatively regarding the nature of their 

surgery, the expected postoperative course, and its associated risks. Understandably, in addition 

to being focused on the treatment of their CRC itself, EOCRC patients often ask when they can 

return to work and what their QoL will be both in the short- and long-term setting 

postoperatively. Therefore, the results of Chapter 4 can guide clinicians in their reassurance 

and counselling of EOCRC patients in the preoperative setting.  

 

Although insignificant, MCS scores ≤ 2 and > 2 years from index surgery were lower than the 

mean MCS scores of the general Australian population. EOCRC patients thus represent a 

cohort that may benefit from preoperative psychological consultations to strengthen their 

mental well-being prior to surgery and tailored postoperative outpatient clinics that enable 

ongoing access to social workers to obtain guidance regarding services and financial support, 

psychologists and psychiatrists to develop positive coping mechanisms and to physiotherapists 

(particularly in EOCRC patients who underwent an emergency operation or have early-stage 

disease) to optimise their physical rehabilitation.  

 

5.3 Implications for future research  

This thesis exclusively evaluated an EOCRC cohort. In Chapter 3 we established that EOCRC 

patients undergo more invasive surgeries, emergency surgeries, stoma formations and 

postoperative minor complications with acceptable absolute five-year survival rates. However, 
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it is unclear if these surgical and survival outcomes are unique to EOCRC patients only. 

Certainly, there have been conflicting results in the current literature (8-13). Therefore, future 

Australian EOCRC studies should include a comparison to LOCRC to ascertain if any 

discrepancies in their postoperative morbidity and mortality exist.  

 

Whilst Chapter 4 demonstrated that the physical and mental functioning of EOCRC patients 

was within the average range of the general Australian population, the SF-36v2 survey did not 

address CRC-specific functional outcomes. In our EOCRC cohort in Chapter 3, the majority 

of tumours were in the rectum with anterior resections being the most performed operation in 

those who did not undergo PE or CRS and HIPEC. Low-anterior resection syndrome (LARS) 

is a constellation of symptoms including faecal and gas incontinence, urgency, frequent bowel 

motions, clustering of stools and difficulty emptying (14, 15).  Whether it is a high or low 

anterior resection that is performed, some degree of LARS is common and can impair patients’ 

long-term level of function. Moreover, injury to the hypogastric nerves (either with high 

ligation of the inferior mesenteric artery, at the sacral promontory or in the anterolateral and 

posterolateral rectal dissections) may lead to bladder and sexual dysfunction (16). Therefore, 

future prospective comparative studies investigating the functional outcomes of EOCRC and 

LOCRC patients are imperative.  

 

In order to adequately capture at-risk patients, particularly in view of the steep rise in incidence 

of EOCRC, the US has reduced the CRC screening initiation age to 45, whilst in Australia the 

NBCSP commences at the age of 50. Given the high rates of invasive oncological surgeries, 

associated with increased postoperative morbidity and high rates of stoma formation (of which 

some will require return to theatre for reversal post adjuvant therapy) in our EOCRC cohort, it 

would be prudent to perform a cost-effectiveness analysis investigating the cost-effectiveness 
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ratio of reducing the NBCSP screening initiation age to 45 or even 40. Although this has already 

been done by Lew et al. (17), who found that commencing screening at 45 would be cost-

effective but would also increase colonoscopy demand, their study was limited by their use of 

2001 Australian population data and their assumption that adherence to screening would be 

similar for patients in their 40s and 50s.  

 

If cost-effectiveness studies reveal that lowering the CRC screening initiation age is cost-

ineffective or has a less favourable benefit-to-harms ratio, future research should focus on 

discovering robust minimally invasive diagnostic biomarkers. For example, Loomans-Kropp 

et al. (18) found that the Epi proColon® V2.0, a commercially available mSEPT9 cell-free 

DNA detection kit for patients > 50 years in the US, had good statistical performance 

characteristics to predict EOCRC in comparison to all healthy controls. Nakamura et al. (19) 

established a combination signature of four circulating microRNA (miRNA) (miR-193aa-5p, 

miR-210, miR-513a-5p and miR-628-3p) via genome-wide transcriptomic profiling as a 

diagnostic biomarker for EOCRC in their training cohort with good performance 

characteristics which were reproduced in two independent validation cohorts. If these non-

invasive diagnostic biomarkers are validated in Australian EOCRC cohorts, they may represent 

cost-effective alternatives to the faecal occult blood test and colonoscopy to screen the 

Australian 40-50-year-old population.   
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This letter constitutes ethical approval only.  You must NOT commence this 
research project at ANY site until you have submitted a Site Specific 
Assessment Form to the Research Governance Officer and received 

separate authorisation from the Chief Executive or delegate of that site. 
 
 
Dear Professor Koh, 
 

Re: Protocol no. X21-0214 & 2021/ETH00976 - “Early Onset Colorectal Cancer: 
epidemiology, survival, quality of life after surgery and surgical outcomes 
 

The Executive of the Ethics Review Committee, at its meeting of 5 August 2021 
considered your correspondence of 5 August 2021. In accordance with the decision 
made by the Ethics Review Committee, at its meeting of 14 July 2021, ethical 
approval is granted. 

I am pleased to advise that final ethical approval has been granted on the basis of 
the following: 
 
• The research project meets the requirements of the National Statement on 

Ethical Conduct in Human Research. 
 
• The Committee granted a waiver of the usual requirement for the consent of the 

individual for the use of their health information in a research project, in 
accordance with the Health Records and Information Privacy Act 2002 (NSW) 
and the NSW Privacy Commissioner’s Statutory guidelines on research and the 
NHMRC Guidelines approved under Section 95A of the Privacy Act 1988. 

 
This approval includes the following: 
 
• HREA (Version 2, dated 26 July 2021) 
 
• Protocol (Version 2, 4 August 2021) * see additional condition below 
 
• Participant Information Sheet (Version 2, 4 August 2021) 
 
• Participant Consent Form (Version 1, 15 May 2021) 
 
• Letter of Invitation (Version 1, 4 August 2021) 
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• Telephone Script for follow up (Version 1, 4 August 2021) 
 

• SF-36 Questionnaire (Version 1, 23 May 2021) 
 

• Data Collection Form (Version 2, 4 August 2021) 
 

• Master Code Sheet (Version 1, 15 May 2021) 
 

• SLHD Privacy Compliance Form (Version 2, 4 August 2021) 
 

• Research Data Management Plan (Version 2, 4 August 2021) 
 
* (If Applicable) In accordance with the National Statement, chapter 4.7; you must 
seek ethical approval from the HREC of the Aboriginal Health and Medical Research 
Council (AHMRC) if you intend to use ATSI status in any presentation or publication. 
 
You are asked to note the following: 
 
The Committee noted that authorisation will be sought to conduct the study at the 

following sites: 
 

• Royal Prince Alfred Hospital 
 
• This approval is valid for five years, and the Committee requires that you 

furnish it with annual reports on the study’s progress beginning in August 
2022. This will be through the submission of a milestone in REGIS. 

 
• This human research ethics committee (HREC) has been accredited by the 

NSW Department of Health as a lead HREC under the model for single ethical 
and scientific review and is constituted and operates in accordance with the 
National Health and Medical Research Council’s National Statement on Ethical 
Conduct in Human Research and the CPMP/ICH Note for Guidance on Good 
Clinical Practice. 

 
• You must immediately report anything which might warrant review of ethical 

approval of the project in the specified format, including unforeseen events that 
might affect continued ethical acceptability of the project. 

 
• You must notify the HREC of proposed changes to the research protocol or 

conduct of the research in the specified format. 
 
• You must notify the HREC and other participating sites, giving reasons, if the 

project is discontinued at a site before the expected date of completion. 
 
Should you have any queries about the Committee’s consideration of your project, 
please contact me.  The Committee's Terms of Reference, Standard Operating 
Procedures, membership and standard forms are available from the Sydney Local 
Health District website. 
 
If you are not using REGIS, a copy of this letter must be forwarded to all site 
investigators for submission to the relevant Research Governance Officer. 
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