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ABSTRACT  

The adolescent and young adult (AYA) oncology population is increasingly recognised as a 

discrete cancer sub-group, deserving of targeted specialised health care provision.  However,, 

knowledge remains limited about the biologic, genetic and therapeutic determinants of its 

incidence, mortality and survival outcomes. Furthermore, few studies have specifically 

studied the long-term consequences of cancer diagnosis, particularly, those related to 

reproductive health and fertility. Drawing on the extensive research capacity of the Western 

Australian Data Linkage System, this thesis examines the epidemiology of cancers diagnosed 

in persons aged 15 to 39 years in Western Australia (WA) between 1 January 1982 and 31 

December 2007, including: 1) trends in incidence and mortality; 2) relative survival and 

excess risk of mortality and; 3) the occurrence of adverse pregnancy and perinatal outcomes 

among female AYA cancer survivors and their offspring. 

For all malignancies combined and for principal tumour subgroups, age-group-specific 

incidence and mortality were calculated with annual percentage changes (APCs) derived 

using joinpoint regression analysis, then relative survival ratios and excess all-cause mortality 

rates were estimated using the Ederer II method and generalised linear models with Poisson 

error structures, respectively. A systematic review was performed of cohort studies of 

adverse reproductive and perinatal outcomes among AYA survivors and their offspring, 

respectively. A multivariate logistic regression was used to investigate adverse maternal and 

perinatal outcomes among female AYA cancer survivors in WA who had a subsequent 

pregnancy. The sub-group of female AYA colorectal cancer (CRC) survivors with a subsequent 

pregnancy was investigated separately in relation to the associations between CRC diagnosis 

and its surgical and adjuvant treatments and a range of adverse maternal and perinatal 

outcomes.  

A total of 12238 AYAs in WA were diagnosed with cancer between 1982 and 2007.  The 

annual incidence rate for all cancers AYA cancers combined increased in males from 1982 

until 2000 (APC = 1.5%, 95% confidence interval (CI) 0.9%; 2.1%) and then plateaued, whilst 

rates for females remained stable across the study period (APC = -0.1%; 95% CI:-0.2%; 0.4%) 

across the study period. For males, significant incidence rate increases were observed for 

germ cell tumours, lymphoblastic leukemia and thyroid cancer. In females, the incidence of 

Hodgkin’s lymphoma, colorectal and breast cancers increased. Significant incidence rate 

reductions were noted for cervical, central nervous system and lung cancers. Mortality rates 
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for all cancers combined decreased from 1982 to 2005 for both males (APC = −2.6%, 95% CI -

3.3%; -2.0%) and females (APC = -4.6%, 95% CI -5.1%; -4.1%). With the exception of bone 

sarcoma and lung cancer in females, mortality rates for specific cancer types decreased 

significantly for both sexes during the study period.. Survival is lower among AYAs diagnosed 

with cancer than in the general AYA population. Fortunately, overall outcomes improved over 

calendar period (excess mortality hazard ratio [HR], latest versus earliest diagnostic period: 

0.52, trend p<0.0001). Excess mortality varied according to age group (HR, oldest versus 

youngest: 1.38, trend p<0.0001), sex (HR, female versus male: 0.66, 95% CI 0.62–0.71), 

ethnicity (HR, Aboriginal versus others: 1.47, CI 1.23–1.76), geographical area (HR, 

rural/remote versus urban: 1.13, CI 1.04–1.23) and residential socioeconomic status (HR, 

lowest versus highest quartile: 1.14, trend p<0.05). Tumour subgroups differed substantially 

in frequency according to age group and sex, and were critical outcome determinants. The 

systematic reviewed identified a few studies of reproductive outcomes following cancer 

diagnosis during the AYA years, however there was still a paucity of studies on this topic. In 

the current cohort, compared with pregnancies among women without a cancer history,, 

female survivors of AYA cancer had an increased risk of threatened abortion (adjusted 

relative risk 2.09, 95% Ci 1.51–2.74), gestational diabetes (2.65, 2.08–3.57), pre-eclampsia 

(1.32, 1.04–1.87), post-partum haemorrhage (2.83, 1.92–4.67), caesarean delivery (2.62, 

2.22–3.04), and maternal postpartum hospitalization>5 days (3.01, 1.72–5.58), but no excess 

risk of threatened preterm delivery, antepartum haemorrhage, premature rupture of 

membranes, failure of labour to progress or retained placenta. Their offspring had an 

increased risk of premature birth (<37 weeks: 1.68, 1.21–2.08), low birth weight (<2500 g: 

1.51, 1.23–2.12), foetal growth restriction (3.27, 2.45–4.56), and neonatal distress indicated 

by low Apgar score (<7) at 1 minute (2.83, 2.28–3.56), need for resuscitation (1.66, 1.27–2.19) 

or special care nursery admission (1.44, 1.13–1.78). Congenital abnormalities and perinatal 

deaths (intrauterine or ≤7 days of birth) were not increased among offspring of survivors. 

Specifically, in women diagnosed with colorectal cancer laparoscopic and open surgical 

treatment were independently associated with a significantly increased risk of antepartum 

haemorrhage [odds ratios (ORs): 1.25; 2.13 for the respective procedures], postpartum 

haemorrhage (ORs: 1.61; 3.31), Caesarean delivery (ORs: 2.42; 4.24), infant low Apgar score 

(ORs: 1.32; 2.64), need for neonatal resuscitation (ORs: 1.49; 3.20), and special care admission 

(ORs: 1.42; 2.87). A history of open surgery was associated with increased risk of 

gastrointestinal obstruction during pregnancy (OR 1.17) and prolonged postpartum 

hospitalization (OR 3.11). Among women with previous CRC, rectal (versus colonic) 
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malignancy was independently associated with a significantly higher risk of overall maternal 

and neonatal adverse outcomes (ORs: 3.73 and 2.73, respectively), as was radiotherapy (ORs: 

4.24 and 2.81, respectively). Chemotherapy was independently associated with a marginally 

but significantly higher risk of overall maternal outcomes (ORs: 1.11; 0.98).  

The information produced from this thesis will potentially contribute to determining service 

needs for AYA cancer survivors, and to identify target groups within this population who have 

specific healthcare and long-term follow-up requirements. Future research should investigate 

the increasing incidence of certain AYA cancers and disentangle the contributions of tumour 

biology and health service factors to outcome disparities between ethno-demographic, 

geographic and socioeconomic subgroups.  
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THESIS AIM AND STRUCTURE  

Thesis aim  

The thesis comprised four discrete, but inter-related, aims as follows: 

i) To review and evaluate the existing literature on adverse reproductive and perinatal 

outcomes among AYA survivors and their offspring, respectively. 

ii) To describe overall and type-specific AYA cancer incidence and mortality in WA. 

iii) To estimate relative survival and excess all-cause mortality for all AYA cancers 

combined and for principal tumour subgroups diagnosed in WA.  

iv) To investigate obstetric outcomes among female survivors diagnosed with cancer in 

WA and perinatal outcomes among their offspring.  

Structure of the thesis  

The thesis is composed of five studies, presented as separate chapters.  The thesis begins with 

an introduction to the topic, followed by a review of the reproductive health consequences of 

AYA cancer and the sequelea of its associated treatments. A general methods chapter 

overviewing the data sources used for all the original research in this thesis is then presented. 

Four peer-reviewed published studies describing AYA cancer epidemiology and reproductive 

health outcomes conducted on the entire AYA population, resident in the state of WA are 

presented. The finding of the studies are synthesized and summarized in the discussion and 

conclusion chapters, with additional information regarding the study limitations, 

recommendations for future research and implications of the findings for policy and practice. 

The specific outline for each thesis chapter is presented below. 

Chapter 1: Introduction - This introductory section provides a general overview of AYA 

cancers and the rationale for choosing this age-group as a distinct study population. 

Chapter 2: Long-term health consequences of cancer diagnosis - This chapter comprises a 

systematic review of adverse reproductive and perinatal outcomes among AYA cancer 

survivors and their offspring, respectively. 

Chapter 3: Data sources and linkage methods - This chapter provides an overview of linked 

data sources used in this thesis, the potential benefits of using whole-population record 

linkage to enhance the effectiveness and efficiency of health research and the methods used 
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for data extraction and the sources and quality of the data used to generate the results for the 

manuscripts included in chapters three to seven.   

Chapter 4: Cancer incidence and mortality trends in adolescents and young adults - This 

chapter describes overall and type-specific cancer incidence and mortality trends among 

AYAs in WA.  This chapter was published in BMC cancer in 2012 [BMC Cancer.12:151. doi: 

10.1186/1471-2407-12-151] 

Chapter 5: Survival and excess-risk of death - In this chapter, relative survival ratio and 

generalised linear models Poisson error structures were used to address the study objective: 

to estimate disease-specific survival and model the excess all-cause mortality associated with 

a diagnosis of AYA cancer, respectively. Survival was also evaluated among ethno-

demographic, geographic and socioeconomic subgroups of AYAs with cancer. The results of 

the study presented in this chapter was published in PLOS One in 2013 [PLoS One 8(2): 

doi:10.1371/journal.pone.0055630] 

Chapter 6: Adverse pregnancy outcomes following AYA cancer - Stratified Mantel-Haenszel 

methods were applied to estimate relative risk of selected adverse pregnancy and neonatal 

outcomes respectively, among AYA females diagnosed with cancer when aged 15-39 years 

and their offspring. This chapter was published in PLOS One in 2014 [PLoS One 8(9): e113292. 

doi: 10.1371/journal.pone.0113292]. 

Chapter 7: Adverse pregnancy outcomes of AYA treated for colorectal cancer - Logistic 

regression models were used to investigate a range of adverse obstetric outcomes 

independently associated with colorectal cancer and its surgical and adjunctive treatments. 

This chapter was published in Surgical Endoscopy in 2013. [Surg Endosc. 7(7): 2327-36. doi: 

10.1007/s00464]. 

Chapter 8: Discussion - This chapter synthesises the results from all studies presented in the 

thesis as well as detailing study limitations, and the clinical implications and 

recommendations for future directions.  

Chapter 9: Conclusions - The findings of the sub-studies are briefly summarised in a 

statement addressing the study aims, with an overall conclusion harmonising the main study 

findings is also presented. 
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Chapter 1. INTRODUCTION 

1.1 Preamble 

This introductory chapter provides a general overview of adolescents and young adult (AYA) 

cancers and the rationale for choosing this age-group as a distinct study population, followed 

by the justification for performing the thesis.  

1.2 AYAs as a distinct cancer population 

In recent decades, there has been increased attention on the adolescent and young adults 

(AYA) cancer population, primarily due to an apparent relative lack of progress in survival 

improvements among these patients compared to other age groups.[1] Possible contributors 

to this relative lack of survival improvement for AYAs, referred to as the ‘AYA survival gap’ 

[2], include factors such as the tendency for AYAs to wait longer before seeking clinical 

consultation about their symptoms, their under-utilisation of healthcare services, 

comparatively limited access to care and health insurance coverage, and poorer treatment 

adherence among young people diagnosed with cancer [2]. Other reasons include health 

systems-related factors such as delays in diagnoses by doctors who are not familiar with AYA 

cancers. [3] The literature also highlights the limited availability and/or low rates of 

enrolment of AYAs in clinical trials, which are known to improve outcomes, and the age-based 

division between paediatric and older adult oncology services which may not best meet the 

treatment and psychosocial needs of some AYA patients [4]. Accordingly, there has recently 

been a greater focus on the unique needs of the AYA population, leading to the formation of 

groups such as the Adolescent and Young Adult Oncology Progress Review Group  by the 

Livestrong Foundation [5]. 

1.3 AYAs defined  

AYAs are specifically defined as individuals who are first diagnosed with cancer between the 

ages of 15 and 39 years (3). This definition is supported by major international collaborative 

oncology groups, national and international scholars in the field and advocacy groups that 

service this population (3, 10). This definition is adopted by most cancer registries, including 

the Western Australian (WA) Cancer Registry. This age limit is used because the individuals in 

this age group share common biologic, physiologic, and psychological, development and social 

issues that emerge around the time of puberty and often continue into early adulthood. Most 

of these individuals would have passed puberty but have not yet experienced the effects of 
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hormonal or immune response changes. Additionally, relatively few of these AYAs would have 

developed life-style related chronic medical conditions, such as heart disease, hypertension 

and diabetes which typically require concomitant medications that can influence oncologic 

decision-making in the care of older patients. 

1.4 Classification of AYA cancers 

Tumours affecting AYAs often differ from those affecting paediatric and older adult 

populations [6]. For this reason, an AYA-specific classification scheme has been proposed for 

tumours diagnosed in AYAs [7]. This classification scheme was updated based on site and 

histology codes of The International Classification of Diseases for Oncology (ICD-O), Third 

Edition [8], which is the standard tool used for coding cancer diagnoses. The ICD-O permits 

separate coding of topography, morphology and behaviour, and thus allows a more 

comprehensive characterisation of some tumours than the single-code ICD-10 classification 

systems [8].  The proposed AYA diagnostic classification scheme better accounts for childhood 

and adult-like characteristics of the malignancies that commonly affect AYAs [9].  The scheme 

includes nine major diagnostic groups based on morphology which are further subdivided 

into 32 sub-groups based on topography and frequency of occurrence [10] [Appendix III for 

the classification scheme]. The main cancer groups are represented by: leukaemias, 

lymphomas and central nervous system (CNS) tumours (which comprise the major group); 

bone and soft tissue sarcomas; germ cell tumours; melanoma and skin carcinomas; 

carcinomas (except of skin); extremely rare tumours such as neuroblastomas, 

retinoblastomas, Wilms' tumours (grouped under Miscellaneous Specified Neoplasm- Ill-

defined sites not elsewhere classified (NEC)) and; group unspecified - malignant neoplasm. 

1.5 Cancers of the AYA population  

As previously mentioned, the most prevalent cancers in AYAs, and their relative incidence, 

differ markedly from those in both children and older adults [6]. Children, aged under 14 

years, frequently present with embryonal tumours such as round cell tumours, 

neuroblastoma, Wilms tumour, retinoblastoma and rhabdomyosarcoma [11], whereas older 

adults, aged 40 years and above, present with epithelial malignancies,  such as carcinomas of 

the prostate, breast, colon and lung.[12]. Among this older age group, the most common 

neoplasms are carcinomas (i.e. prostate, breast, lung, colorectum, urinary/bladder, ovary, 

kidney and pancreas), non-Hodgkin’s lymphomas, and malignant melanoma [13].  Nearly all 

invasive cancers, however, in the AYA age group are accounted for by breast cancer, 
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lymphomas, melanoma, leukaemias, sarcomas, female genital tract tumours, testicular cancer, 

thyroid carcinoma, soft-tissue sarcomas, colorectal carcinoma, and brain tumours [11, 12, 14-

16]. Most of these neoplasms, particularly, melanoma, testicular cancer, cancer of the ovary 

and uterine cervix, and thyroid cancer, are proportionately more common in AYAs than in any 

other age group [13]. According to data from the WA Cancer Registry, the most common male 

cancer subtypes reported in AYAs from 1982-2007, in order of rank are, carcinomas, 

melanomas, germ cells tumours (testicular cancer) and lymphomas whereas the most 

common females subtypes, include carcinomas (breast), melanomas and lymphomas 

[Table1.1]. The frequency of distribution for AYA cancers does not remain constant for all 

ages but changes throughout this age group. Among adolescents, aged 15-19 years, the most 

frequently diagnosed neoplasm is melanoma, followed by testicular cancers, leukaemias, 

sarcomas and brain tumours [11], whereas in AYAs, aged 20-29 years, the most common 

neoplasms are melanoma, thyroid cancer and testicular cancer [11, 14, 15]. Breast and 

colorectal carcinomas begin to occur with measurable proportionality in 30–39 year olds [14, 

15]. This pattern of distribution and relative frequency of AYA cancers has been demonstrated 

to be similar in many developed countries, including Australia [12, 17].  Further, several 

cancers increase in incidence steadily with peaks during the AYA years [18]. Distinctive 

among these are testicular cancer and bone sarcomas. Leukaemias, ovarian tumours, soft-

tissue sarcomas have an AYA incidence peak before plateauing and increasing in incidence 

again during later adult life. Acute lymphoblastic leukaemia has an incidence peak among 

males in the AYA age range in addition to the well-known incidence peaks during childhood 

and late adult life.  This pattern may indicate different biological types of cancer with similar 

histology that arise in childhood, adolescence and again in older age. 

1.6 Rationale for this study 

International studies have recently shown that the incidence of certain cancers diagnosed in 

AYAs have increased over the last few decades [19, 20]. Improvements in survival are being 

reported in most, but not all types of cancers. Variations in survival are, in part, dependent on 

age, sex, time period of diagnosis and staging and possibly socioeconomic factors [21]. Also, in 

general cancer diagnosis among AYAs usually has a poorer prognosis than individuals in other 

age groups (such as paediatric populations or those over 40 years of age). Compared to both 

children and older adults, AYAs appear to have experienced little improvement in cancer 

survival in the same time period [15, 22, 23]. As a result, the annual rate of improvement in 

five-year survival for AYAs is below average compared with younger children and older adults 
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diagnosed with cancer [14, 15, 24, 25]. Whereas it was once a relative advantage to be 

diagnosed with cancer during the AYA years [25, 26], patients in this age group now lag 

behind patients in all other age groups with regard to utilised services, health outcomes and 

trial enrolments (17). This is in considerable contrast to childhood cancer, in which the 

average overall survival has improved from an estimated 28% in the 1970s to nearly 80% in 

the last decade [15, 22, 23].  Despite the overall survival gap between AYAs and other cancer 

populations, certain AYA cancer subgroups have benefited from recent advances in cancer 

therapy. These advances have led to increases in the number of cancer survivors, who will 

potentially be faced with late and long-term physical morbidity, as well as psychosocial 

challenges. The increasing number of cancer survivors underscores the need for medical and 

public health professionals to address the potential long-term and late effects of cancer 

particular to the AYA population. However, there are still relatively few systematic studies 

specifically investigating long-term and late sequalea of cancer during adolescent and young 

adulthood 
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1.7 Tables and Figures 
Table1.1: Age-specific incidence rates, age-adjusted incidence (/100,000) by sex and diagnostic groups among AYAs in WA, 1983-2007 

 
Diagnostic Groups 

Males Females 
15-19 20-24 25-29 30-34 35-39 ASR, ages 

15-39 
15-19 20-24 25-29 30-34 35-39 ASR, ages 

15-39 

Leukaemia 
ALL 
AML & CML  

3.7 
2.1 
1.3 

3.5 
1.1 
2.4 

1.7 
0.6 
0.9 

3.8 
0.8 
2.4 

3.1 
0.3 
1.6 

3.3 
1.0 
1.7 

1.7 
0.3 
1.1 

1.7 
0.9 
0.9 

2.4 
0.6 
1.5 

1.9 
0.0 
1.9 

4.0 
0.5 
2.9 

2.4 
0.5 
1.6 

Lymphoma 
NHL 
HL 

4.0 
2.7 
1.3 

4.3 
2.4 
1.9 

5.5 
2.3 
3.2 

7.2 
4.8 
2.4 

8.6 
6.8 
1.8 

7.2 
5.1 
2.1 

5.7 
1.6 
5.1 

7.4 
2.6 
4.9 

6.0 
2.1 
3.9 

5.2 
3.0 
2.2 

6.0 
3.9 
2.1 

7.1 
3.8 
3.3 

Brain & CNS  2.1 0.8 1.7 3.8 1.8 2.8 1.1 0.9 2.1 3.6 3.5 2.4 
Bone Sarcoma 1.3 1.1 0.9 1.6 1.1 1.1 1.2 1.1 0.6 1.0 0.8 0.8 
Soft Tissue Sarcoma 2.1 0.5 2.3 1.9 2.6 2.3 0.6 1.1 3.0 2.5 3.5 2.3 
Germ Cell  

Gonadal  
Non-gonadal 

3.7 
2.9 
0.8 

11.5 
10.7 
0.8 

17.8 
17.8 
0.0 

16.1 
15.3 
0.8 

18.0 
17.5 
0.5 

13.4 
12.7 
0.7 

0.6 
0.6 
0.0 

0.9 
0.6 
0.3 

1.5 
0.7 
0.9 

0.3 
0.3 
0.0 

1.3 
0.5 
0.8 

1.0 
0.4 
0.6 

Melanoma 5.1 9.9 15.5 28.5 33.5 23.1 4.8 11.2 15.9 35.7 26.6 22.7 
Carcinoma 

Thyroid  
Gonads 
Lung  
Breast  
Cervix & Uterus 
Colon & Rectum 

1.9 
0.8 
0.3 
0.3 
0.0 

- 
0.0 

5.3 
1.9 
0.0 
0.3 
0.0 

- 
1.9 

11.8 
3.7 
0.0 
0.6 
0.0 

- 
2.0 

21.5 
2.7 
0.0 
1.3 
0.0 

- 
4.0 

38.2 
3.4 
0.0 
1.8 
0.0 

- 
8.4 

25.2 
2.8 

0.04 
1.3 
0.0 

- 
4.8 

5.9 
3.4 
0.6 
0.3 
0.0 
0.9 
0.3 

10.0 
3.2 
0.3 
0.8 
0.3 
2.0 
2.9 

32.1 
9.0 
2.7 
0.0 
8.4 
5.4 
3.9 

61.2 
10.4 
0.8 
0.8 

26.1 
13.2 
4.1 

107.8 
15.2 
3.2 
2.9 

49.2 
17.0 
7.7 

69.4 
9.8 
2.5 
1.6 

39.5 
9.5 
5.4 

All malignancies 23.9 38.7 58.8 86.8 111.9 82.1 21.8 35.2 65.9 115.3 163.1 113.8 
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Chapter 2. REPRODUCTIVE HEALTH CONSEQUENCES OF AYA 

CANCER DIAGNOSIS  

2.1 Preamble 

This chapter comprises an overview of the effects of AYA cancer diagnosis and treatment on 

reproductive health. A formal systematic review was specifically conducted to summarise the 

existing literature on adverse reproductive and perinatal outcomes among AYA survivors and 

their offspring, respectively. 

2.2  Introduction 

Malignancies that present in the AYA age range encompass a spectrum of diverse histologic 

subtypes managed with heterogeneous treatment approaches. The treatment protocols for 

localized and biologically favourable presentations of AYA cancers, and most other cancers, 

have been modified over time to improve survival, while at the same time minimising the risk 

of therapy-related late effects.  The term ‘late effect’ or long-term effect refer to any chronic or 

late-occurring outcome, either physical or psychological, that persists or develops months or 

years after cancer diagnosis [27]. AYAs, in particular, are faced with a unique range of AYA-

specific late effects, including those related to growth and development (e.g., 

neuropsychological sequelae and impaired cognitive function) and psychosocial difficulties 

(e.g., body image, relationships, employment). The diversity and potential interplay of factors 

contributing to cancer-related morbidity are illustrated in Figure 2.1. 

AYA survivors who have not started or completed their family, may be specifically confronted 

with concerns about potential effects on reproductive health, fertility and the possibility of 

adverse outcomes among their offspring. The long-term consequences of therapy on 

reproduction and fertility have been well documented in adult survivors of childhood cancers. 

Much of this knowledge is derived from a few landmark studies, such as the Childhood Cancer 

Survivor Study [28]. These results, however, may not be generalizable to those diagnosed 

with cancer in adolescence or young adulthood whose cancers typically differ from those of 

children because of dissimilarities in tumour biology, hormonal, pharmacology (e.g. drug 

clearance), polymorphisms or genomic properties, and with respect to cancer susceptibility 

and aggressiveness of therapies received [29-31]. The AYA cancer population is therefore, a 

distinct oncological age-group in this regard. 



 

 

22 

Accordingly, it is important to delineate the risks of long-term reproductive complications of 

cancer diagnosis and treatment specific to the AYA sub-population, and to understand the 

extent to which certain cancer sub-types and their treatment may be involved in the 

development of such complications.  Most of the studies specifically examining reproductive 

outcomes in AYA cancer survivors are relatively recent and, to date, a systematic review of 

this literature has not been undertaken. We performed a systematic review of the published 

literature on pregnancy and neonatal outcomes among survivors diagnosed with cancer and 

their offspring. 

Figure 2.1: Range of possible adverse health outcomes among AYA survivors  

 

 

 

 

 

 

 

 

 

 

 

 

 

2.3 Methods 

Search strategy  

Electronic literature searches were conducted in Medline and EMBASE from January 1, 1980 

to September 2014, according to the search algorithm presented in Table 2.1. Search terms 

included combinations of the following keywords: ‘cancer survivors OR cancer survivorship’ 

AND ‘fertility OR reproductive outcomes OR childbearing OR pregnancy’ AND cohort 

/longitudinal study design. We restricted searches to English language studies only. 

Adolescent and 
young adult 

cancer survivor  

Growth and development  
(e.g., neuropsychological 
sequelae and impaired 
cognitive functioning 

 

Organ dysfunction  
(e.g., cardiovascular, 

endocrine, 
reproductive, dental, 

nervous system) 

Pregnancy and 
fertility concerns   

Psychosocial 
survivorship 

issues  
(e.g., body image, 

relationship, 
employment 

issues) 
 

Carcinogenesis 
(e.g., subsequent 
malignancies and 

cancer recurrence) 
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Screening process  

Two independent reviewers (FH and JA) screened the titles and abstracts of all identified 

citations. Obviously irrelevant citations and those related to reviews, editorials, case reports, 

letters to the editor, unpublished data and duplicate publications were excluded. Full-text 

articles were retrieved if either reviewer considered the publication relevant based on the 

initial title/abstract review screening criteria. Full-text articles were carefully assessed 

independently by each reviewer and final inclusion was based on an a priori selection criteria. 

Reference lists of full text-articles and relevant review papers were further examined for 

additional studies that met our inclusion criteria. Disagreements on study inclusion/exclusion 

were resolved with a consensus meeting or by involving a third reviewer. 

Study selection criteria  

We considered any cohort study that investigated the occurrence of pregnancy and neonatal 

outcomes, among individuals diagnosed with cancer and their offspring, respectively. To be 

eligible, studies had to additionally meet the following criteria: (1) include AYAs – typically 

defined as individual diagnosed with cancer between ages 15 and 40 years; exceptions were 

made for studies with lower age limit of 13 and/or upper age limit of up to 45 years; (2) 

include a comparison group without a history of cancer diagnosis or treatment; (3) report 

objective measures of at least one reproductive outcome (e.g., measures of fertility, gonadal 

dysfunction, post-cancer pregnancy, pregnancy complications) or neonatal outcome (e.g., 

gestational age, birth weight, congenital abnormalities).   

Two reviewers (FH and JA) independently selected studies were excluded according to the 

following criteria: (1) Study cohort only included the paediatric cancer population (i.e., age at 

cancer diagnosis <15 years). Paediatric studies including subjects diagnosed with cancer at 

ages ≥15 years that overlapped the AYAs population were included, if, data on the AYA 

population could be extracted; (2) Data based only on psychological and patient reported 

quality of life-related outcomes, such as sexual dysfunction and body image; (3) Studies which 

examined cancer diagnosed in pregnancy, such as gestational breast cancers, trophoblastic 

neoplasia (i.e., molar pregnancies). 

Data extraction and quality assessment 

A systematic approach to data extraction was used to produce a descriptive summary of 

participants and study findings. Two reviewers (FH, AJ) independently extracted the data 

from each eligible study and recorded information in a standardised table. Key information 
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was collected on the study site/location, inclusion criteria, source of data, number of cancer 

survivors, number of comparison subjects and reported outcome measures. The data were 

discussed to ensure congruence of information extracted. No attempt was made to contact 

authors for additional information. 

Study quality was assessed using the Newcastle–Ottawa Scale (NOS), a qualitative instrument 

designed to evaluate observational studies in three domains: selection of participants, 

comparability of study groups and ascertainment of outcome or exposure depending on study 

design [32]. The instrument comprises eight scored items and the total scores can range from 

0 to 9 points.  Two reviewers (FH, AJ) independently conducted study appraisal using NOS.  

2.4 Results 

The results of this review are presented in a narrative format, organised by search results, 

description of the included studies and a summary of the reported outcomes and results. 

Search results 

The electronic literature search resulted in the identification of 4442 unique citations (Figure 

2.2). Based on the title and abstract review, 4389 citations were excluded, leaving 92 articles 

for full-text review. After careful review of full-text articles, a total of 13 studies [33-45] met 

our inclusion criteria. 

Description of included studies  

Characteristics of the included studies are summarized in Table 2.2. Included studies were 

published between 1992 and 2014, with the majority (eight) of studies from Scandinavian 

countries [35, 39-45], three from the United States [34, 36, 37] and one each from Canada [33] 

and Australia [38].  Nine studies reported reproduction outcomes for all malignant neoplasms 

combined, [34, 36, 37, 39, 41-45] two included female breast cancer survivors, [35, 40] and 

one each were of non-gynaecological cancers, [33] and colorectal cancer in females [38]. The 

number of subjects per study ranged from 71 to 27556. 

Study quality 

The Newcastle-Ottawa score (NOS) varied from 2 to 9, with 10 studies scoring ≥7 points 

(median: 8, inter-quartile range: 2.5). The majority (n=10) of studies [33-35, 38-45] identified 

their study cohort and ascertained exposure (cancer diagnosis/treatment) using population-

based cancer registry data. Details of the NOS for the individual items are shown in 

Supplemental Table 2.3. All the studies used a comparison group of individuals with no 
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previous history of cancer; nine studies [33, 35, 38-40, 42-45] used comparison group 

individuals drawn from the general population, two studies [34, 41]  used healthy sibling 

comparisons and two studies recruited comparison individuals from their health practices 

and through advertising.  Several studies used multivariable logistic regression to adjust for 

confounding factors, however, studies differed on which/how many confounding factors were 

adjusted for. Five studies [33, 36, 39, 40, 44] matched for important explanatory factors, such 

as sex, age and parity. 

Reported outcomes   

Included studies investigated the following outcomes: measure of fertility [34, 36, 37], rates of 

childbirth, [33, 39, 42, 44] caesarean delivery, [35, 38, 44] pregnancy bleeding, [35, 38] pre-

term delivery, [35, 40-42, 45] low birth weight (LBW), [35, 40-42, 45], small for gestational 

age, [35, 41] low Apgar score, [35, 38, 45] [35, 38] perinatal mortality, [35, 38, 40, 41, 45] and 

congenital anomalies [35, 40, 42, 43, 45]. Other outcomes reported included: birth injury [35], 

delivery complications [35] (defined as deliveries complicated by placenta previa, ante- or 

postpartum haemorrhage, retained placenta, abnormal bone pelvis, fetopelvic disproportion, 

malpresentation of foetus, prolonged labour, rupture of uterus, laceration of perineum, or 

other complications), postpartum length of stay [38], admission to intensive care unit [38], 

infant resuscitation [38] and gastrointestinal (GI) obstruction [38]. The effect measures of 

outcomes reported in at least two included studies are summarised in a narrative format 

below.   

Measures of fertility  

Three studies [34, 36, 37] reported on measures of fertility among females diagnosed with 

cancer during adolescent or young adulthood. One [34] reported the risk of early menopause 

after treatment for cancer during childhood and adolescence and the other two studies [36, 

37] which were conducted as part of an ongoing prospective cohort study by the same 

researchers reported measures of ovarian reserve in AYA survivors. In the study [34] 

investigating early menopause among AYAs found that adolescents were significantly more 

likely to become menopausal compared with healthy controls during the age interval of 21-30 

years (RR 2.3 95% CI 1.6-3.3). In contrast, childhood cancer survivors were not significantly 

more likely to become premenopausal compared to healthy controls. The initial [37] study of 

measures of fertility found that ovarian reserve was more likely to be impaired in cancer 

survivors than in healthy controls, with diminished average anti-Mullerian Hormone (AMH) 
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(0.8 ng/ml CI 0.61-1.07 versus 2.9 ng/ml CI 2.1–4.0; p<0.01) and antral follicle count (AFC) 

(14.6 CI 10.8–18.3 versus 27.2 CI 23.1–31.4; p<0.001). However, survivors had a higher 

follicle-stimulating hormone (FSH) levels compared with comparison females (11.1 mIU/mL 

CI 9.5–13.1 versus 7.3 mIU/mL CI 6.0-8.8; p<0 .001).  A follow-up study [36] with a larger 

sample found that cancer survivors had significantly lower AMH and AFC compared with 

unexposed females (AMH: 0.6ng/ml CI 0.3–1.1 versus 1.8 ng/mL CI 1.1-3.0; p<0.01); AFC: 10.2 

CI 6.8-15.3 versus 20.7 CI 16.5-26.0; p<0.003). FSH appeared higher in the cancer survivors 

compared to unexposed women, but did not reach significance (12.1 mIU/mL CI 8.0-18.4 

versus 7.9 mIU/mL CI 6.2-10.1; p<0.06).  

Rates of parenthood  

Four studies [33, 39, 42, 44] reported rates of biological parenthood among females [33, 39] 

and males [42, 44] previously diagnosed with cancer during adolescents or young adulthood. 

One study [44] found that overall, females and males diagnosed with malignant neoplasms 

had a lower rate of parenthood than their respective controls from the general population, 

with parenthood in females lower than their male counterparts (hazard ratio [HR] for 

females: 0.61 95%CI 0.58–0.64; males: 0.74 95%CI 0.71–0.78).  Further subgroup analysis 

showed that sex-specific malignancies had significantly lower births rates compared with the 

comparison group: breast cancer (HR 0.33, 95%CI 0.27-0.39), cervical cancer (HR 0.34, 95%CI 

0.29-0.40), ovarian cancer (HR 0.43, 95%CI 0.33-0.56) and testicular cancer (HR 0.68, 95%CI 

0.63-0.72). [44] Rates of parenthood were also significantly lower for survivors of brain 

tumours (females: HR 0.59, 95%CI 0.51–0.69; males: HR 0.70, 95%CI 0.61–0.81), Hodgkin’s 

lymphoma (females: HR 0.61, 95%CI 0.51–0.73; males: HR 0.70, 95%CI 0.69–0.92) and acute 

leukaemia (females: HR 0.35, 95%CI 0.22–0.56; males: HR 0.57, 95%CI 0.40–0.80. [44] By 

contrast, rates did not differ between the comparison group and survivors of thyroid cancer, 

non-Hodgkin lymphoma, or malignant melanoma. [44] Another study [42] reported rates of 

first parenthood among female and male survivors of malignant neoplasm. At the end of the 

observation period, cumulative birth among female survivors was significantly lower than 

that of females from the general population (66%, 95%CI: 59–73 vs. 79%, 95%CI 78.8–79.2, p 

= 0.007) [42]. In contrast, the proportion of male survivors’ cumulative births did not differ 

with that of males from the general population (63%, 95%CI: 56–70 versus 64%, 95%CI: 

63.7–64.3, p < 0.41) [42]. A third study [39] of  standardised birth ratio (SBR) among females 

diagnosed with malignant neoplasms reported that overall, females cancer survivors were 

less likely to give birth than females from the general population (SBR for adolescents, 13-18 
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years: 0.83, 95%CI 0.79-0.88; SBR for young adults, 19 years and older: 0.72, 95%CI 0.70-

0.74), respectively. Survivors of thyroid, head and neck, thoracic, and melanoma skin cancer 

had similar birth rates to the comparison study population (SBR 0.98, 95%CI 0.93-1.03; SBR 

1.00, 95%CI 0.87-1.14; SBR 1.01, 95%CI  0.76-1.31; SBR 1.04, 95%CI 0.99-1.10, respectively), 

whereas women treated for cancer of the reproductive organs (minus ovary), breast, and 

ovary were significantly less likely to give birth than the background population (SBR 0.32, 

95%CI 0.29-0.35; SBR 0.52, 95%CI 0.47-0.57; and SBR 0.56, 95%CI 0.51-0.61, respectively).  A 

study [33] of females diagnosed with non-gynecological cancers reported a modest but 

significantly lower overall cumulative birth rate among survivors compared with females 

from the general population (HR 0.92, 95%CI 0.87-0.98).  Subgroup analysis revealed that 

those females with previous childbirth and a history of breast cancer (HR 0.45, 95%CI 0.29–

0.68) or Hodgkin disease (HR 0.57, 95%CI 0.36–0.91) had the lowest rates. 

Caesarean delivery 

Three studies reported the risk of caesarean delivery for survivors compared with the general 

population.[35, 38, 45] For all malignant neoplasms combined, there was no excess risk of 

caesarean delivery among female (nulliparous: OR 1.01 95%CI 0.86-1.18) and the partners of 

male (nulliparous: OR1.07 95%CI 0.92-1.25); primiparous: OR 0.95 95%CI 0.74-1.22) [45] ; 

whereas primiparous females had an increased risk of caesarean delivery (OR 1.75 CI 

95%1.43-2.15). [45] Females diagnosed with breast cancer had a higher risk of caesarean 

delivery (OR: 1.26 95%CI 1.00-1.66) compared with controls.[35] Pregnancies in women 

treated for CRC also had a higher risk of caesarean delivery (ORs: 2.42 95%CI 1.94–3.15 and 

4.24 95%CI 1.32–13.6 for laparoscopic and open procedures, respectively).[38]   

Pregnancy bleeding 

Two studies [35, 38] reported antepartum (defined as abruptio placenta and placenta praevia; 

and other excessive bleeding) and postpartum haemorrhage (bleeding of ≥500 ml during 

labor and delivery) in a cohort of female breast [35, 38] and colorectal cancer (CRC) [38]  

survivors.  One [35] study found no increased risk of antepartum haemorrhage in women 

diagnosed with breast cancer compared to the general population (OR: 1.32, 95%CI 0.49, 

3.56).  Another [38] study of females who underwent surgery for CRC found an increased risk 

of antepartum haemorrhage (ORs: 1.25 95%CI 1.19–1.36; 2.13 95%CI 1.97–3.32 for 

laparoscopic and open procedures, respectively) and postpartum haemorrhage (laparoscopic: 

1.61, 95%CI 1.46–1.77; open: 3.31, 95%CI 2.78–3.93) compared to the general population.  
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Preterm delivery  

Very preterm and preterm delivery, defined as birth before 32 and 37 weeks of gestation, 

respectively, were reported in five studies.[35, 40-42, 45]  Two [42, 45] studies of all 

malignant neoplasms combined, reported the risk of preterm birth among offspring of male 

and female survivors compared with that of the general population [45] or healthy siblings 

[42].  In one [45] study, nulliparous female survivors were found to have an increased risk of 

preterm birth (OR 1.30 95%CI 1.05–1.61]. Risks of preterm (OR 1.89 95%CI 1.40-2.56) and 

very preterm birth (OR 3.01 95%CI 1.67-5.43) were also elevated among the offspring of 

primiparous females survivors. In the second study [42], the risk of preterm delivery was 

higher in the offspring of female survivors (OR 2.2 95%CI: 1.3-3.6). For males, there were no 

differences in the risk of preterm birth (OR 0.92 95%CI 0.72-1.18) or very preterm birth (OR 

0.54 95%CI 0.24-1.22) between offspring of nulliparous males and offspring of males in the 

general population.  Similarly, there were no differences in the risk of pre-term birth (OR 0.92 

95%CI 0.72-1.18) or very pre-term birth (OR 0.54 95%CI 0.24-1.22) in primiparous males. A 

second study [45] found no differences in the risk of preterm delivery between the offspring 

of nulliparous male cancer survivors and comparison group (OR 1.0 95%CI 0.7-1.7). Another 

study [41] of all cancers combined, but limited to female survivors, found a marginally 

elevated risk of preterm in the offspring of adult survivors (age at diagnosis: 20-34 years) 

compared with their healthy female siblings (OR 1.4; 95%CI 1.0-1.9).  However, no difference 

was evident between adolescent survivors (age at diagnosis: 15-19 years) and their healthy 

siblings (OR 1.56 95%CI 0.96-2.55).  Also, the risk of very pre-term birth among adolescent 

(OR 1.72 95%CI 0.68-4.40) and young adults (1.53 95%CI 0.87-2.67) was similar to that of 

their healthy siblings. [41] Two [35, 40] studies of female’s breast cancer survivors compared 

the risk of pre-term birth with that of the general female population. One study [35] reported 

an elevated risk of very preterm (OR 3.2 95%CI 1.7–6.0) and preterm birth (OR: 1.5 95%CI 

1.0, 2.3); whereas the other study [40] found no evidence of increased risk of preterm delivery 

(OR 1.3 95%CI 0.7-2.2).  

Low birth weight (LBW), <2500 grams 

Low birth weight was reported in five [35, 40-42, 45] studies. Two studies [42, 45] reported 

LBW for all cancers combined and for both male and female survivors and found no 

differences in the risk of LBW between the offspring of male survivors and the general 

population. Risk of LBW was elevated in offspring of nulliparous (1.30 95%CI 1.06-1.68) and 
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primiparous (OR 2.395%CI 1.7-3.2) female survivors in one study[45]; and only primiparous 

female survivors in another study [42] (OR 2.1; 95% CI 1.4-3.2).  A study [41]  of all cancer 

combined found no increased risk of LBW among offspring of females adolescent (OR 0.88 

95%CI 0.38-2.04), young adult (OR 1.03 CI 0.63-1.67) survivors. Two [35, 40] studies focused 

on female breast cancer survivors. One [35] found an increased risk of very LBW (<1500 g) 

(OR 2.9 95%CI 1.4-5.8) but not LBW (OR 0.98 95%CI 0.55-1.75). The second study [40] found 

no difference between the offspring of survivors and a general population (OR 1.3 95%CI 0.7-

2.2).  

Small for Gestational Age (SGA) 

No evidence for an association between SGA and being diagnosed with an AYA cancer was 

found in either of the studies that included SGA as a variable [35, 41]. One study [41] reported 

no increased risk of SGA in the infants of adolescent, 15-19 years (OR 1.18 CI 0.59-2.37) and 

young adult, 20-34 years (OR 0.87 CI 0.54-1.41) survivors of malignant neoplasm compared 

with the infants of their healthy siblings. The second study [35] also found no increased risk of 

SGA among the infants of female breast cancer survivors compared with infants born to 

women in the general population (OR 1.2CI 0.90-1.39).  

Apgar score  

Three studies [35, 38, 45] reported the APGAR scores for the newborn of survivors compared 

with newborn of women in the general population. The overall risk of a low 5-minute Apgar 

score was not elevated for the newborn of females (nulliparous: OR 0.82 95%CI 0.5-1.37; 

primiparous: OR 0.77 95%CI 0.32-1.88) and partners of male (nulliparous: OR 1.31 95%CI 

0.86-1.99); primiparous: OR 1.04 95%CI 0.46-2.36) survivors of malignant neoplasms [45]. 

Also for the newborn of female breast cancer survivors, the 5-minute Apgar score was similar 

to those in the control population (OR1.41 95%CI 0.69-3.10) [35].  

Perinatal mortality  

Four studies [35, 38, 41, 45] reported perinatal mortality among the newborn of AYA cancer 

survivors. Of the two [42, 45] studies reporting perinatal death (outcome of either still birth 

or neonatal death), one [45] study found no increased risk of death in the newborn of female 

(nulliparous: OR 0.91 CI 0.47-1.78; primiparous: OR 1.92 CI 0.98-3.76) and female partners of 

male (nulliparous: OR 1.10 CI 0.56-2.15; primiparous: OR 1.05 CI 0.39-2.84) survivors 

diagnosed with malignant neoplasm compared to newborns in the general population. 

Similarly, another [42] study found no increased risk of perinatal death for the newborn of 
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nulliparous females (OR 2.3 95%CI 1.0-5.0) and female partners of  males (OR 0.8 95%CI 0.3-

2.5) compared with the newborns of the general population. No evidence of excess risk of still 

birth and neonatal death was found among the newborn of female colorectal cancer survivors 

[38] (still birth: laparoscopic surgery: OR 1.85 95%CI 0.73-5.80; open surgery: OR 1.09 95%CI 

0.55-2.17; neonatal death: laparoscopic surgery: OR 1.98 95%CI 0.87-9.11; open surgery: OR 

1.65 95%CI 0.15-4.93) and the newborn of female breast cancer survivors [35] (still birth: OR 

1.17 95%CI 0.30-4.71; neonatal death: OR 1.83 95%CI 0.46-7.37) compared with the newborn 

of their respective healthy controls. 

Congenital malformations 

Five studies [35, 40, 42, 45] reported birth defects in the offspring of female [42, 43, 45]  and 

male [42, 43, 45] survivors of malignant neoplasms and female breast cancer survivors [35, 40].   

There was no increased risk of malformations in offspring of female (nulliparous: OR 0.99 

95%CI 0.71-1.38; primiparous: OR 1.14 CI 0.72-1.82) and male (nulliparous: OR 0.92 95%CI 

0.66-1.29; primiparous: OR 1.04 95%CI 0.42-2.36) survivors diagnosed with malignant 

neoplasms compared with the offspring of the general population; [45] and no increased risk 

of congenital anomalies among offspring of nulliparous female (OR 1.5 95%CI 1.0-2.3) and 

male (OR 0.7 95%CI 0.4-1.6) cancer survivors; [42] and no increased major congenital 

abnormalities in the offspring of male cancer survivors (RR: 1.1 95%CI: 1.0-1.3) compared 

with non-exposed males[43]. One[35] study found that the offspring of breast cancer 

survivors had an increased risk of overall malformation (major or minor) (OR: 1.7 95%CI: 1.1-

2.5); whereas another study [40] did not find an increased risk of malformations among 

offspring of breast cancer survivors (OR 0.9 95%CI 0.4-1.9) compared to females from the 

general population. 

2.5 Discussion  

Statement of the principal findings  

AYA cancer survivors are at high risk of certain adverse reproductive outcomes. However, it 

appears that these outcomes may be limited to select groups of cancer survivors, particularly 

those diagnosed with sex-specific cancers.  Overall, females diagnosed with cancer during 

adolescent and young adulthood were at risk of subfertility and early menopause compared to 

females without a history of cancer and adult survivors of childhood cancer. Fortunately, 

despite potential damage to gonadal function among AYAs diagnosed with cancer, most are 

not rendered infertile – many female and male survivors successfully parent a child. 
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Nevertheless, birth rates among AYA survivors, particularly females and those diagnosed with 

cancers of the reproductive organs were reported to be lower than that of the general 

population.. The risk of caesarean delivery was increased among breast and colorectal cancer 

survivors; however, the results for all cancers combined were not consistent. As might be 

expected, female cancer survivors were at increased risk of preterm delivery, partners of male 

survivors did not experience an elevated risk of this outcome. Pregnancy bleeding, defined as 

either antepartum or postpartum haemorrhage, was also found to be more elevated in female 

CRC survivors. However, breast survivors did not have an increased risk of antepartum 

haemorrhage.  

The offspring of AYA survivors, taken as a whole, were not at elevated risk of reported 

adverse perinatal outcomes. There was no increased risk of LBW among offspring of male 

cancer survivors. Based on reported results, the risk of LBW among the offspring of female 

AYAs cancer survivors was somewhat inconclusive. Apgar score was increased in the 

offspring of female CRC survivors but was not consistently elevated in populations of 

offspring of breast cancer survivors and no evidence of increased risk was found for all 

cancers combined compared to the offspring of their control populations. Overall, no evidence 

of an excess risk of SGA, stillbirth or neonatal death was identified among the offspring of AYA 

cancer survivors. Reassuringly, with the exception of one study of breast cancer survivors, the 

offspring of AYAs diagnosed with cancer do not appear to be at increased risk of congenital 

abnormality.  

Strengths and weaknesses of the study 

Adverse pregnancy-related outcomes in survivors of childhood cancer have been explored 

extensively in studies such as the Childhood Cancer Survivor Study, which was established as 

a resource for investigating the long-term outcomes of a cohort of 5-year survivors of 

childhood cancer. However, the available evidence from adult survivors of paediatric cancer 

may not be generalizable to the AYA population because late effects generally vary depending 

on age per se at initial diagnosis and during treatment. Given the manifold influences of 

physiological and psychological development on responses to disease and therapy, it is 

necessary to delineate the risks of long-term reproductive complications of cancer diagnosis 

and treatment specific to the AYA sub-population.  This review is the most comprehensive 

synthesis of adverse reproductive outcomes in survivors diagnosed during adolescence and 

young adulthood. Included studies were carefully selected according to a rigorous search 

strategy to enable unbiased inclusion of appropriately conducted cohort studies. Still, there 
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are certain limitations that must be taken into account when interpreting this data. Many 

studies did not adequately match or control for important confounding factors, such as age 

and parity.  We could not elucidate the effect of diagnosis of different cancer sub-types and on 

the maternal and perinatal outcomes, as insufficient information was provided to allow sub-

analyses. Overall, the quality score varied between studies (2 to 9) with 10 studies scoring ≥7 

points (median: 8, inter-quartile range: 2.5). The majority of the included studies (10) had a 

score of ≥ 7. 

Implications for Clinical Practice 

Based on the results from this systematic review, there is little doubt that these AYA cancer 

survivors would benefit from long-term surveillance given the number of potential late 

sequelae of cancer diagnosis and treatment on reproductive health. The findings of this 

review may be helpful for clinicians to further identify women who are particularly at risk to 

develop certain adverse reproductive outcomes. Potential interventions to decrease the 

obstetric and perinatal complications associated with the late effects need to include 

scientifically valid evidence-based recommendations for clinical follow-up of survivors. 

Effective counselling of AYA cancer survivors and development of intervention strategies 

demand a clear understanding of the potential long-term impact of cancer diagnosis and 

therapy, and identification of high-risk individuals in this population.  

Importantly, if possible the patient should be offered an option for fertility preservation 

before cancer treatment commences. Recent guidelines from the American Society of Clinical 

Oncology recommend that interested and appropriate patients be referred to reproductive 

specialists as soon as possible following their diagnosis of cancer. [46] A number of fertility 

preservation techniques exist, including oophoropexy and cryopreservation of sperm/ 

oocytes, testicular/ovarian tissue, or embryos. [47-49] Unfortunately, there are some 

challenges regarding the harvesting and storage of gametes for women, although this is a 

developing area. Technological advances in cryopreservation are occurring and it is possible 

to remove and preserve ovarian tissue before cancer treatment is carried out. However, there 

are as yet unresolved dilemmas of ethical and moral issues, as well as implications of cost.  

As more information is gained about outcomes that relate specifically to AYA cancer survivors 

and individuals are offered a multi-disciplinary approach to the diagnosis, treatment, and 

long-term follow-up of their cancer, the goal of cure can be achieved while maintaining 

fertility and reproductive health and ensure the health of any subsequent offspring.  
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Implication for research  

Knowledge of the late effects associated with cancer and its treatment on adolescent 

reproductive health continues to increase through ongoing research efforts.  However, there 

is still a paucity of AYA specific studies and most report only the short-term outcomes.  Also, 

much of the available information relates to outcomes within the first decade following 

treatment and little is known about what latent effects of cancer and its treatment may occur 

in cancer survivors and their subsequent offspring.  Long-term follow-up is crucial because 

outcomes may vary depending on the time between cancer diagnosis and pregnancy. An 

attempt should also be made to overcome common methodological flaws such as the huge 

variability in length of time since diagnosis, lack of information regarding patients disease 

stage at diagnosis and treatment. 

2.6 Conclusion 

Advances in the treatment of AYA cancers have led to high cure rates and prolonged survival 

in AYA patients. Although the reproductive outcomes have been studied extensively, it was 

not until recently that the majority of studies of reproductive outcomes in AYA survivors have 

been published. It is likely that the scope of the long-term treatment effects is still not fully 

appreciated. Future research should focus on conducting methodologically sound, 

longitudinal research on the impact of cancer diagnosis and treatment on a wider range of 

reproductive outcomes of both survivors and their subsequent offspring. It should also take 

into account the diverse histologic cancer subtypes within this age range and the 

heterogeneity in treatment approaches.  
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2.7 Tables and Figures  

Figure 2.2: Flowchart 
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Duplicates removed, n= 1344 

Excluded full text articles with 
reasons *, n=79 

Excluded based on titles/abstracts, 
n= 4350 

Articles identified from 
reference list (n=18) 

Low risk 
(NOS≥7) 

n= 10 

El
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ty
  

Moderate risk 
(3<NOS<7) 

n=1 

High risk  
(NOS≤3) 

n=2 

Reasons for exclusions* 
Childhood cancer only (≤ 15years) (17) 

Unable to extract data from pediatric/adolescent cohort (16) 
Not age-stratified, unable to extract AYA data (5)  

Age at diagnosis not reported/clear (3) 
Pregnancy-associated cancer (8) 

Cervical intraepithelial neoplasm (7) 
No pregnancy related data (8) 

Study design (e.g. no comparison group) (9) 
Abstract only (6) 

Study protocol/narrative review (2) 
Could not locate full-text (1) 

Duplicates (11) 
Review/commentary (4) 

Final included studies  
n=13 

Excluded * 
n=18 

Citations identified from electronic 
databases (Medline and Embase)  

n= 5786 

Full-text retrieved and 
assessed for eligibility 

n= 92 

Titles and abstracts screened  
n=4442 
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Table 2.1: Full Medline and Embase Searches  

Ovid MEDLINE(R) 1946 to Present with Daily Update (secondarily restricted to 1980 onwards) 
 
Reproductive Health OR exp Sexual Dysfunction, Physiological OR Fertility OR exp infertility OR exp 
Pregnancy Complications OR Pregnancy Outcome OR (reproduction or reproductive or fertility or 
infertility).tw. OR Primary Ovarian Insufficiency OR exp Fetal Diseases OR ((pregnan$ or fetal or birth 
or neonatal) adj2 (complication$ or outcome$)).tw. OR ((pregnan$ or fetal or birth or neonatal) adj2 
mortality).tw. OR exp infant, low birth weight OR exp infant, premature OR infant mortality OR 
perinatal mortality 
 
AND  
 
(exp Neoplasms/ and (young adult/ or exp child/ or exp infant/ or Adolescent/)) OR exp (Neoplasms/ 
and survivors/) OR ((cancer or neoplasm$ or leukemia or leukaemia or hodgkin$ or lymphoma or 
tumor$ or tumour$) adj5 (child$ or young$ adult$ or young$ person$ or young$ people or young$ 
m?n or young$ wom?n or infan$ or adolescen$ or pediatric or paediatric)).tw. OR ((cancer or 
neoplasm$ or leukemia or hodgkin$ or lymphoma or tumor$ or tumour$) adj10 survivor$).tw.  
 
AND  
 
exp Cohort Studies OR cohort$.tw. OR (longitud$ or follow up or retrospective or prospective).tw 
 
Embase 1980 to 2014 Week 36 
 
Reproductive health OR exp sexual dysfunction OR exp infertility OR exp fertility OR exp pregnancy 
complication OR exp pregnancy outcome OR fetus outcome OR reproduction or reproductive or 
fertility or infertility).tw. OR 9 premature ovarian failure OR exp fetus disease OR ((pregnan$ or fetal 
or birth or neonatal) adj2 (complication$ or outcome$)).tw. OR ((pregnan$ or fetal or birth or 
neonatal) adj2 mortality).tw. OR exp low birth weight OR infant mortality OR exp perinatal mortality  
 
AND 
 
(exp neoplasm/ and (child/ or infant/ or young adult/ or adolescent/)) OR ((cancer or neoplasm$ or 
leukemia or hodgkin$ or lymphoma or tumor$ or tumour$)) adj5 (child$ or young$ adult$ or young$ 
person$ or young$ people or young$ m?n or young$ wom?n or infan$ or adolescen$ or pediatric or 
paediatric)).tw. OR cancer survivor OR ((cancer or neoplasm$ or leukemia or hodgkin$ or lymphoma 
or tumor$ or tumour$) adj10 survivor$).tw.  
  
AND 
 
(Cohort analysis OR longitudinal study OR prospective study OR follow up OR cohort$.tw.) OR 
(longitud$ or follow up or retrospective or prospective).tw.  
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Table 2.2: Summary of published studies included in the systematic review  

First author, 
publication 

year 
 

Location Inclusion 
criteria 

Exposure 
ascertainment 

Outcome 
ascertainment 

Relevant 
outcomes 

Number 
exposed 

NOS 
score 

Matching, 
and 

adjustment 

Baxter [33] 
(2013) 

Ontario, 
Canada 

Female survivors 

diagnosed with 
non-gynaecologic 
malignancies (i.e., 
brain, breast, HL, 
NHL, melanoma, 

thyroid and other 
malignancies) 

Registered with 
cancer registry 

1992-1999 

Age at diagnosis 
between 20 and 34 
years and survived 

at least 5 years 
after diagnosis 

Delivery occurred 
at least 1 year post-

diagnosis 

Provincial-wide 
cancer registry 
(Ontario Cancer 

Registry) 

Linkage with 
hospital records 

(CIHI-DAD) 

 

Cumulative rate 
of childbirth12 

months after 
diagnosis 

Time to first 
childbirth at 

least 12 months 
after diagnosis 

Childbirth 
defined as a 

delivery of a live 
or stillborn 
infant >20 

weeks 
gestational age 

 

1194 
females 

1910 
births 

8 

6049 
randomly 
selected 

females from 
general 

population.  

Comparison 
females 

delivered 
9516 

children 

Matched on 
calendar year 
of birth and 
geographic 

location 

Model 
adjusted for 

SES, and 
parity. 

Byrne [34] 
1992 

United 
States 

Female survivors 
 

diagnosed with 
malignant 

5 cancer 
registries 
California 

department 

Linkage with 
data collected 

from interviews, 
hospital and 

Risk of early 
menopause 

1048 
females 6 

1598 female 
controls 

matched to 
full sibship, 
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First author, 
publication 

year 
 

Location Inclusion 
criteria 

Exposure 
ascertainment 

Outcome 
ascertainment 

Relevant 
outcomes 

Number 
exposed 

NOS 
score 

Matching, 
and 

adjustment 

neoplasm (all 
diagnostic groups)   
between  194 5 and 

1975 
 

13-19 years old at 
age of diagnosis  

and survived at 5 
years 

health services, 
Yale Tumour 

Registry, 
University of 

Iowa, University 
of Kansas and 
the University 
of Texas MD 

Anderson 
Hospital 

physician chart 
review 

 
Self-reported 
menopause 

status 

sex and age 
 

No 
adjustments 

Dahlberg [35] 
2006 Sweden 

Female survivors  

Treated for 
invasive breast 

cancer 

Any age of 
diagnosis  (1% ≤ 19 

years) 

 

Swedish 
Medical Birth 

Registry during 
1973-2002 

 
Restricted to 
live, singleton 

births, 
gestational age 

(>22 weeks) 

Linked with 
Swedish Cancer 

Registry 

Birth outcomes 
(pregnancy 

bleeding, 
delivery 

complications, 
instrumental 

delivery, 
caesarean, 

gestational age,  
stillbirth and 

neonatal death, 
birth weight, 
Apgar score, 
birth trauma, 

malformations 

331 
females  

 
331 

births 

8 

2 780 518 
control births 

of females 
from general 

Swedish 
population 

 
no matching 

 
Adjusted for 

age of 
mother, 

parity, and 
year of 
deliver 

 

Dillon [36] 
2013 

Philadelphi
a, United 

Female survivors Abstraction of 
medical charts 

Structured 
interview: self-

 
 

84 
females 3 98 controls 

from health 
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First author, 
publication 

year 
 

Location Inclusion 
criteria 

Exposure 
ascertainment 

Outcome 
ascertainment 

Relevant 
outcomes 

Number 
exposed 

NOS 
score 

Matching, 
and 

adjustment 

States Diagnosed with 
leukaemia, 
lymphoma, 

sarcoma, Wilms 
tumour, breast 

cancer, and other 
(brain and ovarian 

excepted) 

Survived at least 1 
year post treatment 
with no evidence of 

disease 

Aged 15-39 years 
at time of cancer 

diagnosis 

Recruited for 
interview between 

2000 and 2006 

from the 
Children’s 
Hospital of 

Philadelphia 
Survivorship 
Program and 

the Transition 
Program at 

Penn’s Living 
Well 

After Cancer 
Survivorship 

Program 
 

reported 
pregnancy 
outcomes 

Pelvic  
ultrasono-

graphy 

Hormone 
analysis 

Only subjects at 
risk of 

pregnancy 
included 

Measures of 
ovarian reserve, 

including, 
ultrasound 

measures (AFC, 
ovarian volume) 

and serum 
measures (INH, 

AMH, E2, LH, 
FSH) 

 
 

practices 
affiliated 

with 
University of 
Pennsylvania 

and 
advertising 

Multivariate 
model 

adjusted for 
age, race and 

BMI 

No matching 

Garcia [37] 
2012 

Philadelphi
a, United 

States 

Female survivors 

Diagnosed with 
leukaemia, 
lymphoma, 

sarcoma, Wilms 
tumour, breast 

cancer, and other 
(brain and ovarian 

Abstraction of 
medical charts 

from the 
Children’s 
Hospital of 

Philadelphia 
Survivorship 
Program and 

the Transition 
Program at 

Structured 
interview: self-

reported 
pregnancy 
outcomes 

Pelvic  
ultrasono-

Measures of 
ovarian reserve, 

including, 
ultrasound 

measures (AFC, 
ovarian volume) 

and serum 
measures (INH, 

AMH, E2, LH, 
FSH) 

71 
females 4 

67 controls 
from health 

practices and 
advertising 

Multivariate 
linear 

regression. 
No 
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First author, 
publication 

year 
 

Location Inclusion 
criteria 

Exposure 
ascertainment 

Outcome 
ascertainment 

Relevant 
outcomes 

Number 
exposed 

NOS 
score 

Matching, 
and 

adjustment 

excepted) 

Survived at least 1 
year post treatment 
with no evidence of 

disease 

Aged 15-39 years 
at time of cancer 

diagnosis 

Recruited for 
interview between 

2000 and 2006 

Penn’s Living 
Well 

After Cancer 
Survivorship 

Program 

 

graphy 

Hormone 
analysis 

adjustment 
details 

reported 

No matching 
reported 

Haggar [38] 
2014 

Western 
Australia, 
Australia 

Female survivors 

diagnosed with 
colorectal 

carcinoma between 
2000 and 2006 

birth occur at least 
1 year post 
diagnosis 

Aged 15-39 years 
at time of diagnosis 

State-wide 
cancer registry 

(Western 
Australia Cancer 

Registry) 

Record linkage 
to state-wide 

midwives 
registry 

(Midwives 
Notification 

System) 

Restricted to 
singleton births 

(>20 weeks) 

Maternal 
outcomes - GI 
obstruction, 
ante/post-

partum 
haemorrhage, 

caesarean 
delivery,  

postpartum LOS 
> 5 days 

Neonatal 
outcomes -  

APGAR score, 
resuscitation 

and ICU 

232 
females 

232 
births 

9 

2310 births 
of female 

controls from 
state 

population 

Adjusted for 
calendar year 

of cancer 
diagnosis, 

age at 
delivery,  

calendar year 
of delivery, 
parity and 

other 
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First author, 
publication 

year 
 

Location Inclusion 
criteria 

Exposure 
ascertainment 

Outcome 
ascertainment 

Relevant 
outcomes 

Number 
exposed 

NOS 
score 

Matching, 
and 

adjustment 

admission, still 
birth and 

neonatal death 

variables 

No matching 

Hartman [39] 
2013 Sweden 

Female survivors 

diagnosed with 
malignant 

neoplasm (all 
cancer sites) from 

1958 -2001 

Aged 0-44 years at 
time of cancer 

diagnosis 

birth occurred at 
least one year post-

diagnosis 

results reported for 
paternal age at 

diagnosis ≥ 13-44 
years (13-18; 19-

44) 

Cancer registry 
(Swedish 

Cancer 
Registry) 

Linked with 
medical birth 

registry (multi-
generation 

register) 

Relative birth 
rates 

(standardised 
birth ratios) 

4492 
females 

 
7213 
births 

 
 

9 

1864511 
possible 

controls from 
background 
population 
3786420 

births) 

Matched  by 
attained age , 
year of birth 
and number 

of live 
childbirths 

Adjusted for 
calendar year 

of cancer 
diagnosis, 

age at 
delivery,  

calendar year 
of delivery, 

parity 
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First author, 
publication 

year 
 

Location Inclusion 
criteria 

Exposure 
ascertainment 

Outcome 
ascertainment 

Relevant 
outcomes 

Number 
exposed 

NOS 
score 

Matching, 
and 

adjustment 

Langager-
gaard [40] 

2006 
Denmark 

Female survivors 

Diagnosed with 
breast carcinoma 

1943-2002 

Diagnosed any time 
before pregnancy 

during the 
pregnancy or until 

2 years postpartum 

 

Danish Cancer 
Registry 

Danish Medical 
Birth Registry 

Restricted to 
singletons only, 
gestational age 

between 22 and 
44 weeks 

Preterm birth 
(birth before 37 

completed 
weeks of 

pregnancy), 
LBW at term, 

congenital 
anomalies 

442 
females 

442 
births 

7 

33443 
control births 

of females 
from general 

Danish 
population 

Matched by 
month and 

year of birth, 
country of 
mother’s 
residence 

Adjustment 
made for 

maternal age, 
parity, 

calendar 
period of 

birth 

Madanat-
Harjuoja [41] 

2010 
Finland 

Female survivors 

Diagnosed with 
malignant 

neoplasm (all sub-
types included) 

between 1953 and 
2004 

National cancer 
registry 

(Finnish Cancer 
Registry) 

Linkage with 
Medical Birth 

Registry 

Records 
restricted to 
primiparous 

and singletons 
pregnancies 

Preterm 
delivery (<37 

weeks) 

LBW (<2500 g) 

Small for 
gestational age  

 

1012 
females  

1012 
births 

8 

5916 
offspring of 

female 
siblings 

Model 
adjusted for 

maternal age, 
delivery year, 
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First author, 
publication 

year 
 

Location Inclusion 
criteria 

Exposure 
ascertainment 

Outcome 
ascertainment 

Relevant 
outcomes 

Number 
exposed 

NOS 
score 

Matching, 
and 

adjustment 

Aged 0-34 years at 
time of diagnosis. 

First subsequent 
births at least 9 

months post 
diagnosis 

Results reported 
for AYA diagnostic 
age group (15-19, 

20-34 years) 

(>22 weeks)  child sex, 
maternal 
smoking, 
maternal 

hypertension
, placental 
problems, 

use of ART, 
malpresenta-

tion and 
cesarean 
delivery 

 
SGA was 

additionally 
adjusted for 
gestational 

weeks 

Magelssen [42] 
2008 

Norway 

Female and male 
survivors 

Diagnosed with 
malignant 

neoplasm (all sub-
types included) 

Patient born 
between 1945 -

1982 and aged 15--
35 years at time of 

Regional 
Hospital (Riks-

hospitalet-
Radium-

hospitalet 
Medical Centre) 

Linkage with 
the Cancer 
Registry of 

Norway and the 
Medical Birth 

Registry of 
Norway) 

Records 
restricted to 

nulliparous and 
primiparous 
individuals, 

Probability of 
parenthood 

(first birth after 
cancer 

diagnosis) 

Perinatal 
mortality, LBW, 

preterm 
delivery, 

congenital 
anomalies 

463-487   
males 

251-284 
females 

 

8 

Eligible male 
and female 

controls from 
general 

population 

Adjustments 
made for 

mother’s age, 
education 
level, time 

period 
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First author, 
publication 

year 
 

Location Inclusion 
criteria 

Exposure 
ascertainment 

Outcome 
ascertainment 

Relevant 
outcomes 

Number 
exposed 

NOS 
score 

Matching, 
and 

adjustment 

diagnosis 

No restriction on 
timing of post-

cancer pregnancy 

singletons 
pregnancies 
(>16 weeks) 

father’s age 
and time 
interval 

between two 
births 

Stahl [43] 
2010 

Denmark 
and 

Sweden 

Male survivors (all 
cancer diagnoses 

considered) 

Offspring born in 
Denmark between 
1994 and 2004 and 
in Sweden between 

1994 and 2005 

Father diagnosed at 
least 1 year before 

child’s birth 

Results reported 
for paternal age at 

diagnosis ≥ 18 
years 

Swedish and 
Danish Cancer 

Registries 

Danish and 
Swedish 

Medical Birth 
Registers 

Danish and 
Swedish 
Hospital 

discharge 
registers and 
the Swedish 
register of 
congenital 

malformations 

Danish IVF 
Register 

Records 
restricted to live 
birth, singletons 

Major 
congenital 

abnormality, 
from which 

children with 
minor 

abnormalities 
(preauricular 
appendices, 

patent ductus 
arteriosus in 
children born 

preterm, single 
umbilical artery, 

minor skin 
malformations 
[mainly nevi]) 

and consistently 
registered 
conditions 

(undescended 
testicles, 

congenital hip 
subluxation) 

were excluded 

7333 
births 9 

57067 males 
controls from 

Danish and 
Swedish 

population 

Model 
adjusted for 
year of birth, 
maternal age 

at birth, 
maternal 

parity and 
maternal 
smoking. 
Country, 
mode of 

conception 
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First author, 
publication 

year 
 

Location Inclusion 
criteria 

Exposure 
ascertainment 

Outcome 
ascertainment 

Relevant 
outcomes 

Number 
exposed 

NOS 
score 

Matching, 
and 

adjustment 

Stensheim [44] 
2011 

Norway 

male and female  
survivors 

Diagnosis of 
invasive cancer (all 

cancer types 
considered) 

between  1967 and 
2004 

Aged 16-45 years 
at time of diagnosis 

Pregnancy any time 
after diagnosis 

National Cancer 
Registry 

Linked with 
Medical birth 

registry 

Restricted to 
singleton births 

(still and 
abortions) 

All registered 
gestations are 

included 
regardless of 
duration and 

outcome 

Post cancer 
pregnancy rates 

11,451 
males 

16, 105 
females 

8 

57,200 male 
and  80,500  

female 
controls from 

the general 
population 

matched by 
sex and age 

Adjustments 
made for 

diagnostic 
period, 
parity, 

educational 
level 

Stensheim [45] 
2013 

Norway 

Male and female 
survivors  

Diagnosis of 
malignant 

neoplasm  (all sub-
types) between  
1967 and 2004 

Aged 16-45 years 
at time of diagnosis 

National Cancer 
Registry 

Linked with 
Medical birth 

Registry 

Restricted to 
nulliparous and 

primiparous 
individuals, 

singleton 
pregnancies, 22 
weeks gestation 

Perinatal death 

Preterm birth 
(<37 weeks) 

LBW (<2500 g) 

Low APGAR 
score at 5 min 

Caesarean 

2309 
females, 

2309 
births 

2695 
males, 
2695 
births 

8 

144653 
births from 
the general 
population 

No matching 

Adjustments 
made for 

diagnostic 
period, parity 

and 
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First author, 
publication 

year 
 

Location Inclusion 
criteria 

Exposure 
ascertainment 

Outcome 
ascertainment 

Relevant 
outcomes 

Number 
exposed 

NOS 
score 

Matching, 
and 

adjustment 

 or >500g 

Nulliparous 
survivors (n 
52,574) and 
primiparous 
survivors (n 

51,341) 

delivery 

Congenital 
anomalies 

IVF 

Pre-eclampsia 

educational 
level 

Abbreviations: SES; AFC; MOV; INH; AMH; E2; LH; FSH; LOS; APGAR; ICU; LBW; IVF;  

 

 

 

 

 

 

 

 

 

 



 

 

46 

Supplemental Table 2.3:  Risk of bias assessment for the quality of included studies using the The Newcastle-Ottawa Scale (NOS) 

The NOS was used to assess the quality of studies. Each asterisk represents indicated an individual criterion within the subsection was fulfilled.  

Authors 
Selection  Comparability  Outcome Overall quality 

score 
(/max of 9) S1 S2 S3 S4 C1 C2 O1 O2 O3 

Baxter  * * * * * * * * * 9 

Byrne - * * * - - * * * 6 

Dalhberg * * * * * * - - * 8 

Dillon - - - * - - - * - 2 

Garcia - - - * - - * * - 3 

Haggar * * * * * * * * * 9 

Hartmann * * * * * * * * * 9 

Langagergaard * * * * * - * - * 7 

Madanat-
harjouja * * * * *   * * - * 8 

Magelssen * * * * * * * - * 8 

Stahl * * * * * * * * * 9 

Stensheim 
2011 * * * * * * * - * 8 

Stensheim 
2013 * * * * * * * - * 8 

Abbreviations: S1: representativeness of the sample; S2: selection of the non-exposed cohort - selection of non-consecutive or obviously representative cases; S3: ascertainment of exposure - cancer 
registry and trial registry; S4: demonstration that outcome of interest was not present at start of study – first subsequent pregnancy/birth only); C1: comparability of cohorts on the basis of the design 
or analysis (i.e., the study controls for age and or parity, either by matching of adjustment); C2: other controlled factors - study controls for at least three additional confounding factors (e.g. age at 
diagnosis, maternal SES. smoking during pregnancy, diagnostic group). O1: assessment of outcome - record linkage; 02: follow-up of at least 1 year post diagnosis; 03: follow-up unlikely to introduce 
bias; complete follow-up, or subjects lost to follow-up. 
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Chapter 3. METHODS  

3.1 Preamble  

Linked administrative health data are a valuable resource for monitoring and evaluating the 

health of a large population and the effectiveness of health services. The Western Australian 

Data Linkage system (WADLS) provides a strong basis for research using linked data from 

multiple sources to monitor trends in the health status of AYAs diagnosed with cancer and to 

investigate the consequences of cancer diagnosis and its sequelae. The original research 

studies presented in subsequent chapters all relied on whole-population data linkage. This 

chapter describes the process of data linkage, the data sources and quality of data used to 

generate the results for the manuscripts. The chapter begins with an overview of linked data, 

the WADLS, and its potential for health services research.  

3.2 Data linkage and its benefits and strengths  

Data or record linkage is a methodology of connecting data from multiple sources for the 

same entity, most commonly for an individual person but it may also be for larger groups such 

as the same family or even a place or even a place or event [50]. This process can provide an 

unparalleled resource for conducting longitudinal research in epidemiology and evaluation of 

health outcomes [51]. Today, data linkage is used for a wide variety of purposes, including 

social policy (e.g. immigration, education) judicial reasons (e.g. taxation, social security, 

census, fraud, crime and terrorism intelligence) and business (e.g., client mailing lists, 

exchange of customer data)[52, 53]. In addition, linking data between different domains might 

be used to inform and develop policy.  As a result, the benefits of data linkage are increasingly 

recognised by policymakers and health planners as a significant source of information to 

monitor, assess and review a range of service areas.  In Australia, the development of national 

data linkage capabilities is a key priority of the Australian Government. This is evidenced by 

the recent investment of $64 million to further develop data linkage infrastructure under the 

National Collaborative Research Infrastructure Strategy (NCRIS) [54]. State and Territory 

Governments and academic partners invested a further $32 million to support this initiative. 

The overarching goal of NCRIS was/is to provide researchers in Australia with the capability 

to link de-identified data from a diverse and rich range of health datasets, across jurisdictions 

and sectors, to carry out nationally and internationally significant population-level research, 
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to improve health and wellbeing and enhance the effectiveness and efficiency of health 

services [54]. 

Data linkage is a resource intensive process and initial investment in the development of data 

linkage capabilities may be substantial; however, once the linkage has been undertaken, the 

cost and time for subsequent research projects are subsequently reduced [51].  Linked data 

can be effectively and efficiently used to conduct a wide range of clinical research such as 

assess long-term health outcomes; monitor health and/or social service provision; identify 

adverse outcomes and compare data obtained from different sectors or agencies; conduct 

surveillance of rare diseases; and study the aetiology, co-morbidities and outcomes of 

diseases [53]. One of the major benefits of data linkage is the reduction in cost of collecting 

primary data for large study populations, particularly when it involves vulnerable subjects or 

mobile groups of people. In the current economic environment of resource constraints and 

drives for efficiency, linked data will perhaps be seen as an efficient and effective alternative 

to individual longitudinal field studies, as well as providing data easily for essential 

monitoring, surveillance and analytical assessment of the total population; and conducting 

research used to inform policy. 

Another major benefit of using linked data is access to large population samples and thus 

increased statistical power. Data linkage is also beneficial in investigating rare events where 

traditional study designs rarely reach adequate power to detect marginal effects. For instance, 

a trial investigating an uncommon outcome or side-effect (such as surgical site infections in 

laparoscopic surgery) would require very large studies to detect clinically relevant 

differences, and their costs would be difficult to justify in terms of their potential benefits.  

Even in situations where adequate power is reached, because of patient selection bias, these 

designs rarely represent the true entire clinical population within the community. However, 

since linked data are often routinely collected on a whole-population for administrative 

purpose, non-participation or subject attrition is less of an issue. This also removes issues 

associated with recall, reporting and social desirability bias.  

Although randomised control trials (RCTs) may be the only unambiguous method to address a 

clinical question, it is not always feasible due to ethical issues and, at times, professional 

resistance due to perceived lack of equipoise, or in situations where a technology or 

intervention has already been introduced into routine practice. For example, despite largely 

unexplained differences in caesarean rates between consultants or obstetric units, a 

randomised trial of delivery by caesarean section would be considered unethical.  
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3.3 Limitations of linked data  

The majority of linked data used in research has been gathered for administrative purposes 

(e.g. delivery of health services, payment for services), and under legal guarantees of 

confidentiality, privacy, and security. There is an obligation, therefore, to protect an 

individual’s interests when collecting, sharing, and studying this person-specific information. 

In the WADLS, great effort and best-practice methodologies are used that contribute to 

privacy protection [55, 56]. In the case of the WADLS, the use of linked data actually has 

helped conserve patient privacy by reducing the amount of identified data released to 

researchers [57]. Data linkage reduces the need for names and other personal identifiers to be 

made available to researchers, which were previously required in order for them to be able to 

find and clerically gather information on individuals and perform their own ad hoc matching. 

Despite measures put in place, there are still concerns that need to be addressed in terms of 

assessing patient personal health information. Other limitations of linked data outcomes 

research include issues of confounding due to comorbidity, socio-demographic factors and 

effect modification; incompleteness or poor quality data; lack of additional relevant clinical 

data regarding diagnostic indicators, treatment and risk factors. However, some of these 

limitations can be effectively addressed through the use of proper study design and statistical 

methods appropriate for the research questions.  

3.4 Data linkage and AYA Cancer  

Cancer occurs comparatively infrequently in young people and consequently very few 

epidemiologic studies have been carried out to address research questions related to 

aetiology, clinical outcomes, and disparities in this group of people. Studies of cancers 

diagnosed in AYAs (aged 15–39 years) are even less frequent compared to studies of 

childhood cancer (0–14 years). Research into childhood cancers has benefited greatly from 

the creation of international cooperative groups that have collected detailed information for 

paediatric cancers; this has included the collection of tumour and normal tissue in tissue 

banks [16]. Unfortunately, AYA cancers have not benefited from the creation of such 

resources. 

In 2006, after convening a Progress Review Group (PRG) of experts in the area of AYA 

Oncology, the National Cancer Institute and LIVESTRONG Young Adult Alliance issued a report 

which identified the need to create a prospective database on all AYA cancer patients as one of 

its five research and care imperatives for improving the outcomes of AYAs diagnosed with 
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cancer [16]. However, the establishment of a prospective AYA cancer specific data repository 

presents many challenges. The location and follow-up of AYAs is often difficult and time-

consuming. This could be due to several reasons, including the high mobility of this age group 

(e.g., moving for employment, education) and difficulty in updating contact information. In 

addition, research has shown that individuals in this age range tend to maintain minimal 

ongoing contact with their treatment centres [53, 58]. This is especially true for individuals 

treated for cancers with good prognoses. Other reasons that may contribute to limitations in 

data availability for AYAs diagnosed with cancer are the reluctance/lack of incentive of 

researchers and pharmaceutical companies to recruit patients in this age group to clinical 

trials.  Many of the cancers common in the AYA age group are low incidence (particularly for 

the rarest sub-types) and therefore heavy investment in this group will be limited[59].  

Currently, there is a paucity of published studies addressing research questions related to 

AYA cancer.[16] The whole population coverage and availability of routinely collected de-

identified population health datasets linkable through the WADLS provides a unique 

opportunity to investigate the total burden of cancer diagnosis and treatment for this 

population in a jurisdiction of around 2.3 million people [56] . Further, few studies have 

specifically investigated long-term consequences of treatment for the AYAs diagnosed with 

cancer although a few population-based studies have reported on certain age subgroups 

within the AYA population[16]. Linkage of various datasets will enable the capture of 

important longitudinal outcomes including mortality and major morbidities and also facilitate 

the ability to follow-up all AYAs diagnosed with cancer in this entire population over long 

periods. This can be done while minimising the risk of inflicting psychological harm given that 

many AYAs may prefer to move on with their life after diagnosis and treatment of their 

cancer. Additionally, this approach allows the inclusion of minorities, such Aboriginals or 

people from different ethnic backgrounds who are typically underrepresented in other types 

of study designs.  

3.5 Data linkage in Western Australia  

State of Western Australia 

The State of Western Australia (WA), which occupies the entire western third of Australia, is 

the largest State by area (2,529,875 square kilometres) – a significant part of WA is sparsely 

populated (Figure 3.1).  
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Figure 3.1: Population Density – June 2010 

 

[Source: Regional Population Growth, Australia (3218.0)] 

As of the 2011 Australian census, the population of WA was 2.2 million, of these 50.3% were 

male and 49.7% were female. The median age in WA was 36 years, with individuals, aged 15-

39 years, comprising 28.8 % of the population. Aboriginal and Torres Strait Islander people 

made up 3.1% of the population[60]. All major tertiary health centres in WA, are situated in 

the capital city of Perth, where approximately 75% of the WA population reside – more than 

1000 miles from any other major city in Australia [60]. As a result of WA’s isolation, trans-

border health services provision is very low. In addition, the relatively low and stable 

overseas and internal migration (~2%) of the WA population [61] has the advantage of 

reduced loss to follow-up - all of which make WA an ideal place to perform studies on an 

entire population. Furthermore, previous investigation has also shown that WA is closest to 

the average of the eight Australian states and territories with respect to: median age; 

distribution of sex, people living in remote areas, income, per capita health expenditure and 
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hospital bed supply, which enables research results to be extrapolated to the entire country 

[61].  

The WA Data Linkage System 

In 1995, the Data Linkage Branch (DLB) of the Department of Health WA was established with 

seed infrastructure funding from the Lotteries Commission of WA. This allowed the 

development and maintenance of a system of linkages connecting health-related events across 

all individuals in WA [62]. The activities of the WADLS are now a coordinated and 

collaborative effort between the Department of Health WA, the University of Western 

Australia, Curtin University and the Telethon Institute for Child Health Research. As of August 

28th 2012, a total 39.9 million records on a historical cohort of 3.9 million people were 

available to be linked [63]. The system comprises eight core data sets including: all inpatient 

hospital separations (22,201,954 records), all inpatient and public outpatient mental health 

contacts (449,661 records), public hospital emergency department presentations (11,678,772 

records), cancer registrations (310,972 records), midwives notifications (879, 159 records), 

birth registrations (1,518,296 records), death registrations (448,456 records) and Electoral 

Roll records (2,117,863). In addition to the listed core datasets, linkages are possible for over 

40 data sets, including diagnostic tests and imaging (Figure 3.2). 

Figure 3.2: The structure of data sets comprising the WADLS  

                                                            
[DATA LINKAGE WA] 
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3.6 Linkage and extraction 

The linkage process 

The fundamental requirement for correct matching in the linkage process is that there should 

be a means of uniquely identifying the person on every dataset to be linked. Direct linkage, 

using deterministic matching, is applied when there are one or more identifiers, such as a 

health care service number (e.g.UK NHS number, US Medicare number) or a national identity 

number that will match completely with the other dataset/s. Linkages are created and 

maintained using rigorous internationally accepted privacy preserving protocols, 

probabilistic matching and extensive clerical review[62]. THE WADLS uses the Automatch 

software package, which performs probabilistic matching based on medical record number, 

names and initial(s), date of birth, sex and address as the principal fields.  The system initially 

uses the NYSIIS (New York State Intelligence Information System) name compression 

algorithm to identify possible matches based on commonly confounded letters groups (e.g. ch 

versus sh, sh versus sch) and removing vowels. The system then uses Soundex, which involves 

identifying similar sounding consonants. The resultant groups of sounds are assigned 

different weights for agreement depending on their frequency in the population.  Finally, 

clerical checking of additional information is undertaken for possible matches that fall 

between definite matches and definite non-matches. A previous validation study found that 

invalid or mis-linked data are a very low at 0.11%. [64] The process of linking the different 

databases takes places in eights steps. A simple schematic of the linkage process is shown in  

Figure 3.3: A schematic of the linkage process

 

[DATA LINKAGE WA] 



 

 

54 

Data extraction  

Access to linked data from the WADLS for research requires relevant data custodian, Data 

Linkage and Department of Health WA, Human Research Ethics Committee approval. Once 

approvals have been obtained the data extractions are coordinated by Data Linkage WA, 

located at the Department of Health WA. The steps used to extract data are shown in Fig. 3.4. 

Figure 3.4: A schematic of the extraction process   

[DATA LINKAGE WA] 

3.7 Data sources  

The four core datasets provided in a de-identified form via data linkage for the research 

comprising this thesis were: WA Cancer Registry (WACR), Hospital Morbidity data Collection 

(HDMC), Midwives Notification System (MNS) and the Death (Mortality) Registry.  

WA Cancer Register (WACR) 

The WACR was established by the Health (Notification of Cancer) Regulations 1981 after 

which time the notification of all cancer diagnoses, except Merkel Cell carcinomas, has been a 

statutory requirement for all public and private hospitals, Radiation Oncologists and 
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pathology services in WA [65]. Sources for identifying new cases are pathology laboratories 

reports, hospitals discharge reports, radiation oncology departments and death certificates (if 

the diagnosis was not made prior to death). Data collection and usage is now covered by the 

Health Regulations 2011[66]. The registry contains information on basic demographics (e.g. 

date of birth, sex, Aboriginality, area/geozone of residence), tumor-specific details (date of 

diagnosis, modality of original diagnosis, anatomic site, morphology, histologic type and 

grade, behavior, mode of diagnosis, and information on subsequent primary malignancies) 

and vital status of patients [67]. Not included are staging details, type of chemotherapy, 

radiotherapy doses and date of recurrence or relapse treatment. Please refer to Appendix IV 

for data variable list for the WACR.  

The main measures of data quality accuracy in cancer registries include morphologically 

verified cancer diagnoses and percentage of death certifications only  (DCO) registrations [68, 

69].  Microscopic confirmation is a particularly important indicator of data quality in AYA 

cancers because the primary classification is by histological type. Great variation in the 

proportion of histologically verified cases exists among cancer registries around the world. A 

low proportion of histologically verified cases may reflect a failure to obtain registrations 

from other sources (clinic records, autopsy reports, death certificates, histology examination, 

operation, pathology report or cytologic examination.); and/or a lack of a thorough or 

complete effort to verify the diagnosis. In the WACR, a high proportion of cases were 

confirmed microscopically (98% overall) – a figure much higher than the European average in 

EUROCARE-4 [70]. The percentage  of microscopically verified cases varied according to AYA 

category, and the lowest was for CNS malignancies (88%). DCOs, are defined as ones for which 

a death certificate is the only source record supporting the diagnosis of cancer. Because DCOs 

lack histologic verification of the cancer, a high proportion of DCOs in a registry is 

unsatisfactory, suggesting low level of completeness of cancer registration. Minimizing the 

DCO proportion is among the key aspects in ensuring that survival estimation is relatively free 

of bias and fit for comparisons. DCOs should generally be less than 10% of the cases in a 

registry. In the WACR, less than 1% of tumours records are classified as DCO [66]. In this 

doctoral research DCO cases were rare (0.6% overall).  
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Hospital Morbidity Data Collection (HDMC) 

The HMDC is a compilation of episode-level records from admitted patient morbidity data 

collection systems in WA since 1970 [50]. The database contains data related to all patients 

admitted to any hospital in WA. This includes public and private acute hospitals, public and 

private psychiatric hospitals and private freestanding day hospital facilities. Private hospitals 

are required by law to submit information of hospital separations on a monthly basis to the 

Department of Health. Public hospitals are required to submit 80% of their morbidity data to 

the HMDC within two weeks of patients being discharged from the hospital with the 

remaining 20% submitted within four weeks of hospital separation.  Prior to the introduction 

of electronic data transfer systems, a HA22 form was used by hospitals to manually record 

and submit data to the HMDC. A copy of the form may be found in Appendix V. Patient 

information recorded in HMDC includes patient details and principal and all additional 

diagnoses recorded at every separation. The HMDS also includes details of all procedures 

performed in hospital, including cancer treatments. There were approximately 850,000 

records added to the HMDC in the financial year 2009/10 [63]. Please refer to Appendix VI for 

data variable list for the HMDC. 

Midwives notification system (MNS) 

The Midwives' Notification System (MNS) was established under the authority of the Health 

Act 1911[50]. The MNS requires notifications of all birth attendances in WA within 48 hours. 

The MNS records data for any birth of at least 20 weeks gestation, or in cases where the 

gestation is unknown, where the birth weight is at least 400 grams, including all live births 

and stillbirths (Appendix VII provides details of data variable list for the MNS). The midwife in 

attendance completes the Midwives’ notification of case attended form. A copy of the form can 

be found in Appendix VIII. The submission of data is expected to occur after the infant is 

discharged from hospital (private and public), or in the case of home birth, when the midwife 

is satisfied the birth event has been completed. Essentially all of the deliveries described in 

this thesis occurred in a hospital setting. The frequency of homebirths in WA throughout the 

study period was <1% [71]. Data obtained are submitted electronically from a number of 

‘feeder’ systems (STORK, Ramsay System, South West System, SJOG System, and Midwives 

Data Entry Package) or manually in paper form. Quality assurance of the MNS data includes 

ongoing reviews of the data, including return of incomplete or inconsistent forms for 

verification to the source. At the time of data-entry (hard copy) and automated import of data 
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file, a validation code in the MNS allows verification of inconsistent data or data entry error 

(e.g. discrepancies with number of previous pregnancies and history of caesarean section). In 

addition, every six months, records held in the MNS are linked with separation records in the 

HMDC and registrations of birth in the Births Deaths and Marriages Registry to crosscheck 

accuracy of recording. Cases identified in either of these other collections, not found in the 

MNS are further investigated and may be referred to the appropriate health service for 

verification. The MNS is a rich source of data and is the basis of the annual report of perinatal 

statistics and perinatal infant and maternal mortality in WA [50]. These reports are used for 

planning of issues related to obstetric facilities, neonatal care units and community child 

health planning decisions. This source contains information on maternal characteristics (age, 

smoking status during pregnancy, ethnicity, marital status and socio-economic status), 

medical condition of the mother, obstetric outcomes and complications (including type of 

delivery, procedures, anaesthesia and analgesia used and treatments during pregnancy), and 

pre-existing medical conditions (including use of assisted-reproductive technology). The date 

of hospital discharge for both mother and newborn is registered together with measurements 

of the newborn such as, weight, length, APGAR scores at 1- and 5- minutes and infant’s vital 

status. The mother’s last menstrual period and gestational age are included with information 

regarding the validity of the gestational age and ultrasound confirmation, if performed.  

Death registry  

The WA Registry of Births, Deaths and Marriages was used to identify individuals who died 

during the study period. The Births, Deaths and Marriages Registration Act 1998 require that 

a person’s death is registered within 14 days of the date of death[50]. The registration of a 

death requires a death registration statement and either a medical report or coroner's report. 

The death registry includes, but is not limited to: the name of the deceased, date and place of 

birth, sex, occupation, age at death, the date and location of death and ICD-10AM coding for 

the underlying cause of death and other contributing causes of death. Coded cause of death 

data are updated annually and can be delayed years after the event if under coronial 

investigation. Please refer to Appendix IX for the lists of data variable list collected for death 

registry. 

Other data sources 
 
In addition to the above data sets, data related to the individual’s geographic location 

(Accessibility/Remoteness Index of Australia, ARIA) and socioeconomic status (Socio-
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Economic Indexes for Areas, SEIFA) was provided. A high proportion (14.6%) of values were 

missing. Values were imputed using fully conditional specification multiple imputation (five 

imputations) on the assumption that they were missing at random (MAR). This model is 

compared with a complete case regression. 
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Chapter 4. AYA CANCER INCIDENCE AND MORTALITY TRENDS  

4.1 Preamble  

This chapter presents the first of the four published peer-reviewed research using linked-data 

described in the thesis. In this chapter, a joint-point regression analysis was applied to 

describe overall and type-specific cancer incidence and mortality trends among AYAs in WA.  

This chapter was published in BMC cancer: Cancer Incidence and mortality trends in 

Australian adolescents and young adults. BMC Cancer.12: 151. doi: 10.1186/1471-2407-12-

151. 

4.2  Introduction 

Cancers in adolescents and young adults (AYAs), aged 15–39 years, account for less than 10% 

of all new cancer diagnoses in developed countries [72]. The most commonly occurring 

malignancies in this age group differ markedly from those in older adults and younger 

children [6, 73]. In children (<15 years), embryonal tumours represent the most prevalent 

neoplasms, whereas the most common cancers in older adults (>39 years) are epithelial 

malignancies of the lung, prostate, breast and colorectum [6]. In AYAs, nearly all invasive 

cancers are accounted for by lymphomas, leukaemias, germ cell tumours, melanoma and 

carcinomas [74, 75].  

Recent major advances in treatment and coordinated international research efforts have led 

to remarkable improvements in childhood cancer outcomes. However, AYAs, while having a 

higher and increasing incidence of cancer, have not benefited from similar improvements. 

During the past years, this deficit has become the subject of international focus and initiatives 

[6, 16] but in Australia, few empirical reports have specifically focused on cancer outcomes 

among AYAs. Herein, we provide data on recent cancer incidence and mortality rates, and a 

detailed analysis of long−term trends for the most prevalent malignancies among AYAs, using 

routinely-collected administrative health data in WA during the period 1982−2007. 

4.3 Patients and Methods 

A retrospective cohort study of AYA cancer incidence and mortality trends was conducted 

using whole-population, health record linkage in WA. Incident cases included all malignant 

neoplasms registered from January 1, 1982 to December 31, 2007. Cases were restricted to 

those in individuals aged 15−39 years at diagnosis. Notifications of all malignancies, including 

in situ and invasive malignant neoplasms and excluding Merkel Cell carcinomas, have been a 
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statutory requirement since 1981 in WA. Cancer registrations include information on basic 

demographic data (date of birth, sex, Aboriginality, area of residence) and tumour data (date 

of diagnosis, tumour site, morphology, behaviour, grade, basis of diagnosis, information on 

subsequent primary malignancies) and vital status. Active data follow−up of all patients was 

performed by the WA Data Linkage Service (WADLS ) through linkage of the Cancer Registry, 

the Mortality Register, and the Hospital Morbidity Data System, which contains information 

on all hospital separations within WA. Anonymised linked records from the Cancer Registry, 

the Mortality Register, and the Hospital Morbidity Data System (containing information on all 

hospital separations within WA) were provided by the WADLS. Malignancies were classified 

according to histological origin as described in the 3rd edition of the International 

Classification of Diseases for Oncology and further grouped according to the most prevalent 

cancer types based on the Surveillance, Epidemiology, and End Results Program (SEER) AYA 

cancer diagnostic groups (Table 1). The groups were based on the AYA classification scheme 

which was developed to better define the major cancer sites that affect individuals between 

15 and 39 years of age [76]. 

4.4 Data Analysis 

Five-year age−adjusted incidence and mortality rates were calculated for the periods 1982-

2007 and 1982-2005, respectively, by sex and SEER AYA diagnostics groups. Rates were 

adjusted by direct standardization against the five−year age distribution of the standard 

Australian population in 2001. Annual population estimates used in the calculation of the 

rates were obtained from the Australian Bureau of Statistics. Analyses were performed for all 

malignancies combined and for diagnostic groups and subtypes separately. Joinpoint 

regression analysis was used to identify points at which statistically significant changes in 

temporal trend occurred. The annual percentage change (APC) in each joinpoint segment is 

the rate of change in a cancer rate per year in a given time frame.  Changes in rates included a 

shift in the magnitude or a change in the direction of the rate. A negative APC indicates a 

decreasing trend whereas a positive APC indicates an increasing trend. Joinpoint analyses 

were performed using the Joinpoint Regression Program (3.4) [77]. Subtypes of certain 

diagnostic groups were excluded from joinpoint regressions because there were too few cases 

to allow for a trend analysis. To graphically summarise the direction of the trends, locally 

weighted regression (LOWESS) curves were fitted to provide smoothed lines through a 

scatter plot of ASRs by calendar period. Incidence and mortality rates and standard errors 

were calculated using SAS 9.2. We used the standard error for an age-adjusted rate, which 
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assumes that the cancer counts have Poisson distributions. Ethics approval for this study was 

obtained from the University of Western Australia Research Ethics Committees. 

4.5 Results 

There were 12238 incident cases of malignant neoplasms reported from 1982-2007, among 

AYAs aged 15–39 years. Table 4.1 presents the histological distribution of the tumours. 

Detailed data on the AYA classification groups and histological codes are provided in appendix 

III.  

All malignancies combined  

Trends in age−adjusted rates and the results of the joinpoint analysis for all malignancies 

combined and for the individual cancer types are shown in Figures 4.1−4.4 and Tables 4.2 & 

4.3. The year periods for all trends are from 1982-2007 unless otherwise specified.  

The overall incidence of malignancies in males significantly increased between 1982 and 

2000 (APC=1.5%), after which there was no significant change in the rates. In contrast, 

incidence for females remained stable throughout the study period. Mortality significantly 

decreased, during the study period, for males (APC=−2.6%) and females (APC=−4.6%). 

Leukaemias and lymphomas  

The incidence of acute lymphoblastic leukaemia (ALL) increased significantly among males 

(APC=3.6%), and that of Hodgkin’s lymphoma (HL) increased (APC=2.6%) among females. No 

evidence of change in incidence was observed for other haematological cancers. A significant 

downward trend (1982-2007) in myeloid leukaemia mortality was evident (males, 

APC=−5.6%; females, APC=−5.0%).  A significant downward trend (1982-2007) in Non-

Hodgkin Lymphoma mortality was also observed among both males (APC=−4.8%) and 

females (APC=−4.5%). 

CNS, bone and soft tissue sarcomas & germ cell tumours  

For all CNS tumours combined a modest (but statistically significant) decrease in incidence 

rates from 1982-2007 was observed in males (APC=−1.2%) with no trend evident among 

females. Male germ cell tumours, comprising predominately (approximately 94%) gonadal 

tumours, also increased  from 1982-2007 (APC=2.6%).  From 1982-2007, no changes in the 

incidence of bone tumours or soft tissue tumours in either sex, or of female germ cell tumours 

were evident, although this is likely due to the smaller number of cases.  
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A significant decline in mortality from CNS tumours was observed from 1982-2005 for males 

(APC=−3.1%) and between 1982 and 2005 for females (APC=−4.6%). Soft tissue sarcoma 

mortality decreased among females (APC=−3.7%). No evidence of change in mortality from 

soft tissues sarcoma was observed for the males.  

Melanoma and Carcinomas 

Incidence of melanoma significantly increased from 1982 until 1999 for males (APC=3.5%) 

and until 2000 for females (APC=1.6%). Afterwards, the incidence of melanoma declined 

significantly for both males (APC=−5.3%) and females (APC=−3.8%). A small but significant 

increase in incidence was observed for breast carcinomas (APC=0.5%). Cervical carcinoma 

incidence (APC=−2.7%) also decreased significantly. Thyroid carcinoma incidence increased 

significantly for both sexes (males, APC=4.0%; females, APC=2.1%). Incidence rates increased 

significantly for colorectal carcinoma (APC=1.4%) among females only and lung carcinoma 

incidence significantly decreased for males only (APC=−2.6%).  

Melanoma mortality decreased from 1982-2005 for both sexes (male, APC=−5.5%; females, 

APC=−10.9%). Mortality rates for all carcinomas combined decreased for males (APC=−2.4%). 

In females, incidence (APC =−3.0%) was similar to males from 1982−96 but a steeper decline 

in mortality was observed thereafter (APC=−8.2%). This trend was likely driven by breast 

cancer mortality, which significantly decreased from 1982-1996 (APC=−2.9%) and was 

followed by another more rapid significant decrease thereafter (APC=−14.4%). Mortality from 

ovarian cancer (APC=−2.6%) and cervical cancer (APC=−6.8%) cancer decreased significantly. 

Significant reductions in mortality rates were observed for colorectal carcinoma in both males 

(APC=−2.1%) and females (APC=−2.3%). Lung carcinoma mortality significantly decreased for 

males only (APC=−2.8%).  

4.6 Discussion 

Improvements in modern treatments and diagnosis has led to reductions in incidence and 

mortality attributed to many neoplasms, including those that commonly occur among AYAs 

[75].  However, incidence is still increasing for some cancers that commonly occur among 

AYAs and decline in mortality has lagged for certain cancers. This is the first study to have 

comprehensively investigated cancer incidence and mortality trends at the whole population 

level for a broad range of cancers that commonly occur among Western Australian AYAs aged 

15–39 years using the adolescent and young classification scheme. 
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Increases in incidence rates were observed for testicular cancer, thyroid cancer, and ALL 

among male AYAs, whereas in young females, the incidence of HL, breast, and colorectal 

cancers increased over the 26-year study period. Decreases in the incidence of lung cancer 

and CNS tumours were observed among males only, cervical cancer among females, and 

melanoma for both sexes. Between, 1982-2005, cancer mortality rates decreased for both 

sexes, although considerable disparity existed between males and females by cancer type. 

Despite expanding knowledge on many AYAs cancers, the reasons for the increasing incidence 

of some cancers are still poorly understood, particularly for testicular cancer [78]. Known 

risks factors for testicular cancer include cryptorchidism, testicular atrophy and maternal 

exposures [79, 80]. Exposure to ionizing radiation, particularly in childhood, may influence 

the incidence of thyroid carcinoma later in life [81]. However, the sex differential observed 

among AYAs in this study is not clear, although it may imply a specific susceptibility gene 

hormone receptor in the pathogenesis of thyroid carcinomas or possibly due to a greater 

medical surveillance in young women. Some of the increase in the incidence of thyroid cancer 

may be also explained by the use of improved diagnostic tests, although diagnostic scrutiny 

alone is unlikely to explain the trends observed in this study. Decreasing exposures to 

infections in childhood and thereby increased susceptibility later in life may play a role in the 

occurrence of both ALL and HL in AYAs. In fact, Epstein Barr virus, in particular, may play a 

role in the incidence of a substantial proportion of HL cases [82].  

There was a small but significant increase in breast cancer incidence. This may be a result of 

recent improvements in diagnostic imaging of the dense fibroglandular breast tissue in young 

women and adjuvant chemo- and radiation therapy. Other potential contributing factors may 

include use of oral contraceptives and changes in the fertility patterns [83]. Fortunately, 

breast cancer mortality among young WA women decreased over the same period. In fact, this 

group experienced the greatest decrease in mortality in this study, particularly post 1996. 

Although it does not completely explain this observed phenomena, some of the increase may 

be due to advances in newer imaging techniques, such as magnetic resonance imaging (MRI), 

that can detect occult tumours . The recent changes to Medicare rebate for MRI fee for young 

women <50 years of age and at high risk of breast cancer has the potential to further decrease 

mortality in this population by encouraging women who would not otherwise get MRI if they 

have to pay out-of pocket.  

Tobacco smoking causes the overwhelming majority of lung cancers in AYAs. Tobacco control 

is currently a priority in Australia, with WA seen as the national leader in this area [84]. 
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Smoking prevention and cessation programs are aimed not only at the general population, but 

are increasingly targeting young people. However, while there has been some recent evidence 

of a decreasing trend in both incidence and mortality among men [85], the situation in 

women, particularly young women, is a cause for concern. The present study results indicate 

that young women are not experiencing the same decline in lung cancer incidence as young 

men, which is consistent with differences in historical smoking uptake and cessation trends 

between the sexes [86, 87]. Nonetheless, it is expected that recent declines in female smoking 

rates would eventually result in a decline in the future lung cancer incidence and mortality for 

AYA females [88]. 

Colorectal cancer is uncommon among younger AYAs but incidence rises substantially after 

the age of 25 years [25]. The incidence of colorectal cancer increased for young females in our 

study, but not in males. Yet, hereditary predisposition, the main risk factor in this age group is 

expected to be similar in both sexes [89]. Sex hormones have immuno-modulatory effects and 

may differentially affect the incidence of colorectal cancer in AYAs [90-92]. However, the 

observed trend in incidence among females in our study is more likely to be attributed to 

environmental factors, such as changes in nutrition, smoking and alcohol consumption [89], 

although these factors could not be evaluated in our study [89]. Overall, mortality due to 

colorectal cancer has decreased substantially in the last decades. Recognition of familial 

colorectal cancer syndromes and refinement of diagnostic techniques may have contributed 

to reductions in mortality among AYAs. 

Trends in incidence and mortality in cervical cancer are largely influenced by earlier detection 

and improved treatments. Cervical cancer screening to detect potentially pre-cancerous 

changes which are usually caused by sexually transmitted human papillomaviruses (HPV) 

infection is likely responsible for the sharp decrease in deaths observed in our study. The 

recent implementation of the HPV immunization program in Australia, in 2007, is likely to 

further reduce the burden of cervical cancer.  

In WA, the spread of independent skin cancer clinics might have initially increased the 

incidence of cutaneous melanomas as a result of increased detection of indolent cases through 

increased surveillance [93]. The rise seems to have reversed more recently, possibly as a 

result of changes in recreational behaviour and increased protection from sun exposure [94]. 

Continued skin awareness campaigns are likely to further decrease mortality due to 

melanomas. 



 

 

65 

The overall pattern of increasing incidence and decreasing mortality of AYA cancers reported 

in this study approximates that observed in other developed countries, including in the United 

States [95, 96, 97], Canada [98, 99]  and some western European nations [100]. Increasing 

incidence of specific cancers such as thyroid [101-103], testicular [104, 105] observed in this 

study population appears to be consistent with results from other AYA populations. The 

emerging lung cancer epidemic observed among females in our study is also consistent with 

other studies from several developed countries [106-109]. Cervical cancer incidence and 

mortality rates continued to decrease among AYAs in WA and other developed countries [110, 

111], although declines seem to be moderating or plateauing in some populations [112, 113]. 

A strength of this study is its use of routinely-collected, whole-population data from the 

WADLS, which has undergone extensive validation with false-positives and false-negatives 

shown to be <1% [62]. Using these data, we investigated incidence and mortality trends over 

a 26-year period for AYAs aged between 15-39 years, and this is the first comprehensive 

analysis of cancer incidence and mortality trends among for a broad range of cancers that 

commonly occur among AYAs in Australia. Although WA’s population of 2.3 million is not very 

large, the WA population is representative of the rest of Australia; it is closest to the average 

of the eight Australian states and territories with respect to: median age; distribution of sex, 

people living in remote areas, income, per capita health expenditure and hospital bed supply. 

In addition, the relatively low and stable overseas and internal migration (~2%) of the WA 

population has the advantage of reduced loss to follow-up. These characteristics of WA and 

the completeness of our data strengthened our study. 

However, a number of challenges exist, particularly in the interpretation of results for rare 

cancers. Random fluctuations may erroneously appear as noteworthy trends and, therefore, 

care must be exercised in interpreting the trends for these cancers. Multiple comparisons 

were adjusted to ensure an overall type I error rate of 0.05 through the joinpoint permutation 

test. However, spurious associations are still possible due to the large number of statistical 

tests conducted. Important sub-population trends may have been obscured, given the 

epidemiological heterogeneity of the study population, particularly its broad age range and 

ethnic diversity, and the potential for interaction of these with both the spectrum of cancers 

identified and health service utilisation. In addition, AYA cancers represent a heterogeneous 

group of diseases with specific aetiologies. Nonetheless, the observed differences in the trends 

between the sexes and across cancer subgroups provide starting points for aetiologic 

research. Testable hypotheses, including individual characteristics and environmental 
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exposures, can be investigated in relation to specific cancers through further rigorous study 

designs. 

4.7 Conclusion 

We have presented data representing a comprehensive longitudinal analysis of cancer 

incidence and mortality among AYAs in WA. Mortality from cancer showed persistent 

downward trends between 3% and 5% among young men and women in the last ten years of 

the study. We observed favourable trends in mortality, particularly among AYAs diagnosed 

with testicular cancer, HL, leukaemias and other neoplasms amenable to treatment. This 

might also reflect major trends in the risk factors and preventive interventions. 

Notwithstanding these major improvements, incidence continues to rise for certain cancer 

types such as ALL, HL, and breast, colorectal, testicular and thyroid cancers. Thus, further 

research into the aetiology of the distinctive spectrum of cancers affecting AYAs and more 

widespread adoption of screening, early diagnosis should become key priorities for cancer 

control among AYAs. 
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4.8 Tables and figures 

Table 4.1: Number of cases, sex ratio and international classification f diseases for oncology topography 

and histology among AYAs in WA, 1982-2007 

 
Diagnostic Group 
 

  
  n (%) 

 
M:F 

Leukaemia 
ALL 
AML & CML 
Other 

 444 (3.6) 
 120 (1.0) 
 276 (2.3) 
   48 (0.4) 

1.4 
1.7 
1.2 
2.5 

Lymphoma 
NHL 
HL 

 907 (7.4) 
 472 (3.9) 
 435 (3.5) 

1.3 
1.6 
1.0 

CNS Tumour  406 (3.3) 1.3 
Bone   183 (1.5) 1.4 
Soft Tissue   323 (2.6) 1.4 
Germ Cell  
Gonadal 
Non−gonadal 

 960 (7.8) 
 875 (7.1) 
   85 (0.7) 

10.5 
24.0 

1.4 
Melanoma 3551 (29.0) 0.9 
Carcinoma 
Thyroid 
Lip & oral cavity 
Gonads 
Lung  
Breast 
Cervix  
Colorectum 
Other  

5012 (40.9) 
  640 (5.2) 
  515 (4.2) 
  107 (0.9) 
  129 (1.1) 
1440 (11.8) 
  782 (6.4) 
  500 (4.1) 
  899 (7.3) 

0.4 
0.3 
3.6 

0.01 
1.1 
na 
na 

1.0 
2.2 

Other   452 (3.7) 0.6 
Total 12238  0.7 

CNS, central nervous system; ALL, acute lymphocytic leukemia; AML and CML, acute and chronic myeloid  
leukaemia; HD, Hodgkin’s disease; NHL, Non−Hodgkin’s lymphoma; M/F: Sex ratio; *Trachea, bronchus, and lung 
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Figure 4.1: Annual Percentage Change in incidence for all malignancies combined and selected 

diagnostic groups for adolescents and young adults of ages 15–39 years, in WA, 1982–2007 a 

 

a dots represent observed rates and solid lines represent the (LOWESS) smoothed trend. ALL: acute lymphoblastic 

lymphoma; HL: Hodgkin’s lymphoma; NHL: non-Hodgkin’s; CNS: central nervous system 
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Figure 4.2: Annual percentage change in incidence for all malignancies combined and selected 

diagnostic groups for AYAs of ages of 15–39 years, in WA, 1982–2007 

 

a dots represent observed rates and solid lines represent the (LOWESS) smoothed trend. 
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Figure 4.3: Annual percentage change in mortality for all malignancies combined and selected 

diagnostic groups for AYAs of ages 15–39 years, in WA, 1982–2005 

 

a dots represent observed rates and solid lines represent the (LOWESS) smoothed trend. ALL: acute lymphoblastic 

lymphoma; HL: Hodgkin’s lymphoma; NHL: non-Hodgkin’s; CNS: central nervous system 
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Figure 4.4:  Annual percentage change in mortality for all malignancies combined and selected 

diagnostic groups for AYAs of ages 15–39 years, in WA, 1982–2005 

 

a dots represent observed rates and solid lines represent the (LOWESS) smoothed trend.  
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Table 4.2: Joinpoint analysis of annual percentage change in incidence rates, AYAs aged 15–39 years in Western Australia, 1982–2007 

 Incidence rates per 100 000, Males Incidence rates per 100 000, Females 
 Trend 1 Trend 2 Trend 1 Trend 2 
Diagnostic Groups Period  APC (95% CI) Period APC (95% CI)  Period APC (95% CI) Period APC (95%CI)  

All Tumors 82−00 1.5 (0.9; 2.1)* 00−07 -1.4 (-3.4;0.7) 82−07 -0.1 (-0.2; 0.4)   
Leukemia 

Myeloid 
Lymphocytic 

82−07 
82−07 
82−07 

0.8 (-0.7; 2.4) 
-0.3 (-2.1; 1.6) 
3.6 (0.1; 7.2)* 

  82−07 
82−07 
82−07 

0.0 (-2.1; 2.1) 
-0.4 (-2.6; 2.0 
-1.5 (-4.5; 1.6) 

  

Lymphoma 
NHL 
HL 

82−07 
82−07 
82−07 

0.0 (-1.2; 1.3) 
0.9 (-0.6; 2.4) 
-1.5 (-3.3; 0.3) 

  82−07 
82−07 
82−07 

1.4 (-0.3; 3.1) 
0.5 (-1.5; 2.5) 
2.6 (0.6; 4.7)* 

  

Brain & CNS  82−07 -1.2 (-2.3; 0.1)*   82−07 -1.2 (-3.2; 0.8)   
Bone Tumor 82−07 -0.1 (-2.0; 1.9)   82−07 0.0 (-2.7; 2.8)   
Soft tissue 82−07 -1.2 (-2.9; 0.4)   82−07 0.8 (-1.1; 2.7)   
Germ Cell Tumor 

Gonadal 
Non-gonadal 

82−07 
82−07 
82−07 

2.6 (1.6; 3.6)* 
2.6 (1.8; 3.9)* 
-0.6 (-3.7; 0.5) 

  82−07 
82−07 
82−07 

0.1 (-2.7; 3.0) 
-0.1 (-3.6; 3.4) 
0.2 (-3.6; 4.2) 

  

Melanoma 82−00 3.5 (2.3; 4.6)* 00−07 -5.3* (-9.1;-1.4) 82−99 1.6 (0.0; 3.1)* 99-07 -3.8 (-7.7;03) 
Carcinoma 

Breast 
Colon & Rectum 
Ovary 
Lung 
Cervix Uteri 
Thyroid 
Lip & Oral Cavity 

82−07 
- 

82−07 
- 

82−07 
- 

82−07 
82−07 

1.0 (0.4; 1.5)* 
- 

-0.4 (-1.7; 1.0) 
- 

-2.6 (-4.3;-0.9)* 
- 

4.0 (2.0; 6.1)* 
0.6 (-0.7; 2.0) 

 
 
 

 
 

82−07 
82−07 
82−07 
82−07 
82−07 
82−07 
82−07 
82−07 

0.3 (-0.1; 0.7) 
0.5 (0.0; 0.9)* 
1.4 (0.1; 2.7)* 
-0.3 (2.3; 1.9) 
0.4 (-1.3; 2.0) 

-2.7 (-3.5;-1.8)* 
2.1 (0.9; 3.2)* 
1.1 (-1.1;-3.3) 

 
 
 
 
 
 

00−07 

 
 
 
 
 
 

13.8 (-0.6;30.3) 
 

* The annual percentage change (APC) is statistically significantly different from 0 (p < 0.05) 
95% CI, 95% confidence interval 
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.
Table 4.2: Joinpoint analysis of annual percentage in mortality rates, AYAs aged 15–39 years in Western Australia, 1982–2005 

 Mortality rates per 100 
000, Males 

Mortality rates per 100 000, Females 

 Trend 1 Trend 1 Trend 2 
Diagnostic 
Groups 

Period  APC (95% CI)  Period APC (95% CI ) Period APC (95% CI)  

All Tumors 82−05 -2.6 (-3.3;-2.0)* 82−05 -4.6 (-5.1;-4.1)*   
Leukemia 

Myeloid 
Lymphocytic 

82−05 
82−05 
82−05 

-3.6 (-5.9;-1.2)* 
-5.6 (-8.0;-3.1)* 
1.6 (-1.5; 4.8) 

82−05 
82−05 
82−05 

-3.8 (-6.1;-1.5)* 
-5.0 (-8.3;-1.6)* 
-2.2 (-5.3;-0.9)* 

 
 

 

Lymphoma a 
NHL 

82−05 
82−05 

-5.4 (-7.4;-3.4)* 
-4.8 (-7.1;-2.5)* 

82−05 
82−05 

-4.9 (-7.7;-2.0)* 
-4.5 (-7.3;-1.7)* 

  

Brian & CNS  82−05 -3.1(-4.8;-1.4)* 82−05 -4.6 (-6.9;-2.1)*   
Bone  82−05 -1.8 (-5.0;1.5) 82−05 -4.3 (-0.4; 9.2)   
Soft Tissue  82−05 -4.7 (-7.6; -1.8)* 82−05 -3.7 (-7.0;-0.2)*   
Germ Cell a 

Gonadal 
82−05 
82−05 

-8.2 (10.5;-5.8)* 
-7.7 (-10.3;-5.1) 

82-05      -1.3 (-6.1;3.6)   

Melanoma 82−05 -5.5 (-7.5;-3.4)* 82−05 -10.9 (-13.5;-8.2)*   
Carcinoma a 

Breast 
Colon & Rectum 
Ovary 
Lung 
Cervix & Uterine 
Lip & Oral Cavity 

82−05 
- 

82−05 
- 

82−05 
- 

82−05 

-2.4 (-3.4;-1.5)* 
- 

-2.1 (-4.0;-0.1)* 
- 

-2.8 (-5.2;-0.3)* 
- 

-3.4 (-5.5;-1.3)* 

82−96 
82−96 
82−06 
82−05 
82−05 
82−05 

-3.0 (-4.2;-1.7)* 
-3.0 (-4.2;-1.3)* 
-2.3 (-3.7;-0.8)* 
-2.6 (-5.5;-0.5)* 
-0.9 (-1.3; 3.1) 

-6.8 (-8.2;-5.3)* 

96−05 
96−05 

-8.2 (-10.7;-5.5)* 
-14.4 (18.4;-9.9)* 

 

* The annual percentage change (APC) is statistically significantly different from 0 (p < 0.05) 
a Data for HL and Non-gonadal germ cell tumors and thyroid carcinomas not reported due to low effective sample sizes 
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Chapter 5. AYA CANCER SURVIVAL AND EXCESS DEATH  

5.1 Preamble  

In this chapter, relative survival ratio and generalised linear models Poisson error structures 

were used to address the study objective: to estimate disease-specific survival and model the 

excess all-cause mortality associated with a diagnosis of AYA cancer, respectively. These 

estimates are provided for all AYA cancers combined and for principal tumour subgroups. 

Survival was also evaluated among ethno-demographic, geographic and socioeconomic 

subgroups of AYAs with cancer. This chapter, with the exception of figures 5.2 and 5.3 (due to 

journal-specific table limits) was published in PLOS One in 2013: Cancer Survival and Excess 

Mortality Estimates among Adolescents and young adults in Western Australia, 1982-2004: a 

Population-based study. : PLoS One 8(2): doi: 10.1371/journal.pone.0055630. 

5.2 Introduction  

Cancers in adolescents and young adults (AYAs), generally defined as persons aged 15-39 

years [16], have a distinctive spectrum of pathology, different from those commonly seen in 

children (<14 years) and older adults. These malignancies comprise a mixture of the non-

epithelial cancers that commonly occur during childhood and those of epithelial origin that 

account for most cancers in older adults [6, 16].  

Patients in the AYAs age group have reportedly experienced little or no improvement in 

cancer survival in more than two decades, compared with children and older adults [16]. 

Possible contributory factors for the lack of survival improvement include: delays in seeking 

treatment, delays in recognition of malignancy by physicians, lack of participation in clinical 

trials and low uptake of private health insurance [114-116]. Fortunately, recent international 

advocacy, through dedicated AYA conferences and workshops, has led to better dissemination 

of research findings and greater professional awareness concerning cancer in the AYA 

population [117]. However, few empirical studies to date have focused specifically on relative 

survival and excess mortality experienced by AYA cancer patients. Such long-term, of at least 

3 years, survival estimates are not only necessary for planning the healthcare response to the 

cancer burden in this age-group, but also for national and international comparisons with 

jurisdictions that have different environments or health care systems. Further, they can serve 

as a foundation for appropriate surveillance, including the management of long-term 

consequences of treatment, such as late recurrence, second primary cancers and other 
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delayed complications [118]. In this paper, we estimate relative survival ratios (RSR) and 

model excess mortality from malignancies in AYAs, highlighting differences in outcomes 

according to sex, age, socio-economic status, geographic location and calendar period of 

diagnosis. 

5.3 Methods 

Population and data source 

Data on all individuals first diagnosed with cancer at 15-39 years of age during the period 

1982-2004 were extracted from the Western Australian Data Linkage System (WADLS). 

Notification of all cancer diagnoses has been a statutory requirement for all public and private 

hospitals and pathology services in WA since 1981 [65]. Information obtained included 

demographic data (date of birth, sex, Aboriginality, area/geozone of residence), tumour-

specific details (date and basis/modality of original diagnosis, anatomical site, histology, 

behaviour, grade, date of diagnosis and characteristics of subsequent malignancies) and vital 

status. Active follow-up to December 31 2007 was performed through linkage of data 

provided by the WA Cancer Registry (WACR), the WA Mortality Register. Malignancies were 

classified according to histological origin, as described in the third edition of the International 

Classification of Diseases for Oncology (ICD-O) [119], and further characterized according to 

cancer subtypes based on the AYA classification scheme published by the US Surveillance, 

Epidemiology, and End Results Program (SEER) [76]. The SEER subgroups were developed to 

better define the major cancer sites that affect individuals aged 15-39 years [7]. 

Measurement of Co-morbidity, area-based SES and residential remoteness 

Routine and accurate geocoding of health records is a unique feature of the WADLS. This 

enables anonymised identification of the residential location of patients (including 

categorisation of remoteness), from which socio-economic status (SES) can be inferred. SES 

was measured using the Index of Relative Socio-economic Disadvantage (IRSD), which is 

based on Australian census data elements, including the prevalence of low income, low 

educational attainment, unemployment, rented dwellings, one-parent families, and other 

measures of social disadvantage such as prevalence of poor English language fluency [120]. 

Subjects were classified into four SES groups, based on WA population quartiles (1st-25th 

centiles, most disadvantaged; 76th-100th centiles, least disadvantaged).  Information collected 

during the census year closest the year of cancer diagnosed was used to determine the 

individual’s measure of IRSD.  The degree of residential remoteness was based on the 
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Australian Bureau of Statistics Accessibility/Remoteness Index of Australia (ARIA) codes, 

which use distances to population centres as the basis for quantifying service access [121]. 

For the purpose of this study, ARIA+ categories were collapsed into two groups; urban (major 

cities) and rural & remote (inner regional, outer regional and remote, very remote), due to the 

small numbers of patients in regional and remote areas. The Charlson Co-morbidity Index 

(CCI), a weighted composite score of 17 different chronic conditions, was used to adjust for 

the effects of co-morbidity [122]. 

Analysis 

Relative survival ratio (RSR) was used to estimate disease-specific survival in a cohort-based 

analysis. RSR is defined as the ratio of the observed survival in the diseased individuals under 

study to the expected survival of the underlying general population in WA according to sex, 

age and calendar year of death. WA population estimates for 2001 were supplied by the ABS 

[123]. The major advantage of relative survival is that information on cause of death is not 

required [124]. It provides a measure of excess mortality among cancer patients, irrespective 

of whether or not deaths have been medically certified as directly or indirectly cancer-

induced/related [124, 125]. The Ederer II method, described elsewhere [126], was used to 

calculate expected survival. The cases classified in the absence of histological confirmation on 

the basis of death certificate only (DCO) or other modality of diagnosis (e.g. hospital record 

only) were excluded from the analysis. Generalised linear models with Poisson error 

structures were used to model the excess mortality associated with a diagnosis of cancer (up 

to 10 years after diagnosis) for all cancers combined and within each principal diagnostic 

subgroup. Adjustments were made to control for the effects of age, sex, Aboriginality, co-

morbidity, calendar period of diagnosis, length of follow-up, SES and area of residence. 

Poisson modelling was not applied to bone sarcomas due to small sample size in this 

subgroup. Analyses were performed using SAS 9.2 [127].  

Ethics 

Ethics approval for this study was obtained from the University of Western Australia Research 

Ethics Committee (reference number: RA/4/1/2228). The Ethics Committee waived the need 

for participants’ written informed consent as this was a minimal-risk retrospective study, 

exclusively based on data extraction from administrative databases, and it would not be 

feasible to get patient’s consent for access to all charts. According to Australia human research 

law, informed consent can be waived in cases for which recording informed consent is not 
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possible, provided that a justification is registered and an Ethics Committee gives approval. 

The data was analyzed anonymously.  

5.4 Results 

Description of cohort 

There were 10,266 incident cases of malignant neoplasms reported in WA among AYAs in 

1982-2004. The percentage of AYA cancer patients alive at 1, 5 and 10 years post-diagnosis 

were 91.8%, 75.6% and 49.8%, respectively. The median follow-up time was 8.2 years 

(interquartile range: 12 years). Figures 5.1 & 5.2 display the distribution of each diagnostic 

subgroup and selected carcinomas by age group and sex and age group, respectively. More 

than 98% of the cancer registrations were histologically confirmed cases and 0.1% were DCO 

diagnoses. The total of number of cases included in the study, and the proportions of DCO and 

cases verified histologically are shown for each diagnostic subgroup in Table 5.1.  

Relative Survival: overall and within diagnostic subgroups 

Table 5.2 shows 5-year and 10-year RSR for the most recent study period, 2001-2004, by 

diagnostic subgroup. Overall 5-year RSR for AYAs diagnosed with any cancer was 0.84 (95% 

CI 0.82–0.86) in males and 0.86 (0.85–0.88) in females. Favourable survival prospects were 

observed for AYAs with melanoma (males: RSR=0.96, 0.92–0.96; females: RSR=0.98, 0.96–

0.99) and for males with germ cell tumours (RSR= 1.00, 0.97–1.00). Among females with germ 

cell tumours, average 5-year RSR exceeded 0.90 only in the youngest females (15–19 years). 

RSR for AYAs with carcinomas was better in females compared with males (0.71, 0.67–0.76 

versus 0.85, 0.83–0.87). AYAs diagnosed with lymphoma had encouraging prognoses with an 

overall 5-year RSRs of approximately 0.85 (95%CI). In contrast, diagnoses of leukaemias and 

central nervous system (CNS) malignancies carried poor prognoses, with relatively low 5-year 

RSRs of approximately 0.60 (95%CI) and 0.50 (95%CI), respectively. 

Excess mortality by period of diagnosis 

Adjusted excess mortality hazard ratios in AYAs by diagnostic subgroup and calendar period 

of diagnosis are shown in Table 5.3. With the exception of the CNS and soft tissue sarcoma 

tumour subtypes, excess mortality from cancer decreased over calendar time (group effect p-

value < 0.0001). AYA patients diagnosed in 2001–2004 with any type of cancer were 

estimated to have a 50% (HR 0.50, 95%CI 0.44–0.58) lower excess mortality compared with 

those diagnosed in the earliest study period (1982–1984).  
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Excess mortality by age-group 

Considerable differences in the spectrum of cancers experienced by the different age groups 

were noted (Figure 5.1 and 5. 2). Table 5.4 shows the risk of death by diagnostic group and 

age, sex, Aboriginal status, location and social disadvantage. For all AYA cancers combined, 

excess mortality increased with increasing age at diagnosis. When diagnostic groups were 

analysed separately, younger AYAs (aged 15–19 years) diagnosed with leukaemias had 

significantly worse survival outcomes compared with older AYAs. In other diagnostic groups 

(i.e., lymphoma, CNS and carcinomas) for which there were significant age differentials, excess 

mortality was associated with older age at diagnosis. 

Excess mortality by sex 

Survival for all cancers combined was poorer in males compared with females (0.66, 0.62–

0.71); females with lymphoma (0.65, 0.49–0.87), soft tissue sarcoma (0.54, 0.35–0.83), 

melanoma (0.53, 0.38–0.74) and carcinomas (0.51, 0.46–0.56) experienced significantly lower 

excess mortality compared with males (Table 5.4). In contrast, AYA females diagnosed with 

leukaemias (1.26, 1.03–1.63) and germ cell tumours (3.71, 2.17–6.36) experienced higher 

excess mortality compared with their male counterparts. 

 Excess mortality by Aboriginal status 

Non-Aboriginal AYAs comprised the majority (n=9445, 92%) of cancer cases.  After adjusting 

for sex, age at diagnosis, co-morbidity, locational disadvantage, SES, length of follow-up and 

year of diagnosis, Aboriginality significantly contributed to the risk of death. Overall, 

Aboriginal AYAs experienced a higher excess mortality (1.47, 1.23–1.76) compared with non-

Aboriginal AYAs. At the sub-group level, Aborigines diagnosed with carcinomas experienced 

25% significantly greater excess mortality (1.25, 1.01–1.54) compared with non-Aborigines; 

and those diagnosed with germ cell tumours experienced nearly seven times higher excess 

mortality (6.7, 2.2–20.6). The results for the other diagnostics subgroups did not reach 

statistical significance.  

Excess mortality by area of residence and SES 

AYAs living in rural and remote areas had an increased risk of mortality compared with those 

who lived in urban areas (1.13, 1.04–1.23). However, among the diagnostic subgroups, the 

risk was only significant for those diagnosed with carcinomas (1.38, 1.24–1.82). A significant 

gradient of increased mortality with declining SES for all cancers combined was observed 
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(HR, lowest: highest quartile: 1.14, trend p<0.05). Among the cancer subgroups, the adjusted 

HRs were only significant for AYAs diagnosed with leukaemias (trend p<0.001). 

Approximately 65% of Aboriginal AYAs (vs. 23% non-Aborigines) resided in rural and remote 

areas. Aboriginal AYAs in WA were over-represented in the most socially disadvantaged 

categories, with less than 5% of Aboriginal AYAs cancer patients (vs. 27% non-Aborigines) in 

the highest quartile (least disadvantaged group).  

5.5 Discussion 

Principal findings 

This paper reports estimates of 5-year and 10-year relative survival and risk of excess 

mortality in AYAs diagnosed with cancer in WA, using the current SEER classification for AYAs 

cancer subgroups. Recently diagnosed AYAs had a significantly lower risk of death than those 

treated earlier in the study period. Older age at diagnosis was a predictor of poor prognosis 

for lymphoma, CNS tumours and carcinomas. In general, female AYAs had better survival 

outcomes compared with their male counterparts. Aboriginality was identified as a poor 

prognostic factor, particularly for those among AYAs diagnosed with germ cells tumours. 

These results reinforce the importance of both socio-economic status and area of residence in 

the survival of AYAs diagnosed with cancers.  

Recently diagnosed AYAs (2001–2004) in this population were estimated to have 50% lower 

excess mortality compared with those diagnosed in the 1980s. In particular, survival from 

leukaemias, lymphomas, germ cell tumours, melanoma and carcinomas has improved 

markedly over the last few decades. This is likely to reflect the increasing availability of better 

diagnostic techniques and more effective therapies. Male germ cell tumours and melanomas 

presented the best prognoses with 5-year RSRs of around 0.96 and 1.00, respectively. In a 

previous study, significant improvements in outcomes from the treatment of germ cell 

tumours had occurred mainly before the 1980s, coincident with the widespread introduction 

of platinum-based chemotherapy regimens [128]. Recent improved survival is likely to reflect 

the fact that, in most cases, germ cell tumours can be cured by adequate treatment. 

Improvements in melanoma survival have been attributed mainly to earlier cancer detection 

and increased awareness among young Australians [129].  

Of concern are the poor outcomes associated with CNS tumours in this study. It is difficult to 

ascertain the reasons for these. Unfortunately, WA Cancer Registry data on CNS tumours do 

not include important predictors of survival, such as histological categorisation, extent of 
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disease, and molecular typing such as N-Myc expression. Epidemiological research on CNS 

malignancies is inherently fraught, given the biological heterogeneity of these tumours and 

the relative rarity of any specific histologic subtype, as well as the challenges associated with 

capture of pertinent data [5]. Large multinational prospective cohort studies, similar to the 

Childhood Cancer Survivor Study [130], would facilitate the understanding of CNS neoplasms 

and other biologically complex cancer subgroups common among AYAs.  

Older age at diagnosis was significantly associated with poorer long-term survival overall and 

specifically from lymphoma, CNS and carcinomas.. In the case of leukaemia, survival was 

worse among younger AYAs. This age-group survival disparity for leukaemias has also been 

previously documented. Past research have shown that 15- 29 year-old patients are less likely 

to see health care providers in institutions where clinical trials are usually conducted, which 

may contribute to worse outcomes [131]. In addition, younger AYAs are more often put on 

adult rather than paediatric treatment regimens, which may ultimately be less effective [132, 

133]. In particular, 15–20-year-old patients with acute lymphoblastic leukaemia treated 

within a paediatric protocol have been shown to fare significantly better than those treated 

with an adult regimen [134].  

Male AYAs diagnosed with leukaemias and germ cell tumours had markedly reduced excess 

mortality compared with their female counterparts and had better survival outcomes than 

females, whereas males diagnosed with lymphoma, soft tissue sarcoma, melanoma and 

carcinomas had a worse prognosis. Sex did not significantly affect prognosis in those 

diagnosed with CNS tumours, which is consistent with previous studies [135]. Previous 

childhood cancers studies have shown that girls with acute lymphoblastic leukaemia 

generally have a slightly better prognosis than boys with this disease [136, 137]; possibly due 

to a different immuno-phenotype distribution [138]. However, no studies have yet reported a 

sex differential in the AYA population. Sex has been previously reported to be an independent 

prognostic factor for both non-Hodgkin’s [139] and Hodgkin’s lymphoma [140], with male 

AYA patients having poorer outcomes than females. Although, being female has been 

previously reported to be independently associated with increased survival from melanoma 

in older subjects, no clear explanation for this difference currently exists [141]. Even less is 

known about the sex disparities in AYAs. The finding in our study may be explained by higher 

attention of young women to their bodies [129] and differing screening practices, even though 

a possibility of hormonal or other sex-specific factors that play a role in modulating the 

growth and metastatic potential of melanoma [142] cannot be ruled out. The substantially 
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reduced excess mortality in males with germ cell tumours is likely attributable to a 

prognostically more favourable spectrum of tumours, notably testicular germ cell cancers 

[143]. The converse excess mortality gender disparity in the instance of carcinomas may be 

attributed to the predominance among female AYAs of treatable sex-specific carcinomas, such 

as those of the breast and cervix [6]. 

AYAs diagnosed with cancer living in rural and remote areas had an increased risk of 

mortality compared with their urban-dwelling counterparts. Stratified analyses by diagnostic 

group indicated a socioeconomic gradient in survival in those diagnosed with carcinomas. The 

observed survival disparity for carcinoma may reflect restricted access to optimal care and 

low density of health care in rural and remote Australia. Previous studies in WA have indeed 

identified a service delivery gap for rural residents diagnosed with carcinomas of the colon 

and rectum [144], breast [145] and lung [145]. Treatment at private hospitals, which are 

concentrated in urban areas, has also been identified as an independent predictor of survival 

for colorectal [144], breast [145] and lung [145] cancers. 

Our study demonstrated higher excess mortality in AYAs living in socio-economically 

disadvantaged groups, regardless of area of residence. The effects of SES on prognosis for 

AYAs were significant for all cancers combined. However, when groups were analysed 

individually, a significant gradient was detected only for leukaemias. A similar pattern for 

leukaemias has been found in another study [146]. These measured effects of SES on survival 

may be a proxy for differences in health awareness and behaviours and/or access to health 

services, resulting in delayed presentations and thereby more advanced stages of disease at 

diagnosis. Accordingly, individuals with the highest SES have better access to private 

healthcare insurance [147]. AYAs have comparatively low health insurance coverage, with 

lack of private insurance shown to be associated with worse survival for carcinomas (breast, 

colorectal) that commonly occur in AYAs.  

Our study also revealed that young Aborigines diagnosed with cancer experienced worse 

survival outcomes compared with non-Aboriginal AYAs. Notably, Aboriginal AYAs diagnosed 

with germ cell tumours experienced nearly seven-times greater mortality compared with 

non-Aboriginal AYAs. Although, there is risk of important residual confounding by location 

due to our stratified analysis of urban vs. rural & remote, the difference in survival by 

Aboriginal status persisted after adjustment for area-based SES and locational disadvantage. 

This would suggest the possibility of important biological or other unknown factors that 

contribute to worse survival in Aboriginal males. However, it is difficult from our analysis 
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alone to determine whether differences were due to biology or other possible factors such as 

differential access to adequate treatment and/or health behaviours.  

Strengths and weaknesses 

We were unable to make a more in-depth assessment of differences in survival by stage at 

diagnosis because this information is not routinely collected. Despite this limitation, the high 

quality of WACR data is reflected in two related indicators: firstly, the modality of diagnosis 

(microscopic confirmation/death certificate only [DCO]) is recorded for almost all cases 

(>98%). Further, microscopic confirmation was available on all but a very small minority of 

tumours, with <0.1% classified as (DCO) [66], except for soft tissue sarcomas (0.3%).  

Although the survival results are only based on the AYA population in WA, these estimates can 

nevertheless be readily viewed as indicative of cancer survival in the rest of Australia, given 

the representativeness of WA, in socio-demographic terms, of the whole country and the 

relative homogeneity of the Australian health system [148]. However, because our data are 

limited to WA’s population of 2.1 million, rare tumours, such as bone sarcomas, could not be 

examined with adequate precision.  

5.6 Conclusion  

Survival of AYAs diagnosed with cancer has generally increased over time. Despite favourable 

survival prognoses for some AYAs, there remains considerable disparity between 

demographic categories of AYA cancer patients and substantial variation in the outcomes 

from different types of cancer in this population. Survival differentials identified in this study, 

and in particular, for testicular germ cell tumours should be investigated in greater depth to 

detect possible goals for improvement of cancer survival as well as access to care for diverse 

AYA populations.  
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5.1 Tables and Figures  

Table 5.1: Total of number of cases, sex ratio and proportion of cases verified microscopically 
 Number of cases 

 n (%) 
Sex ratio 

(M:F) 
DCO  
(%) 

Microscopic 
Verification (%) 

All Cancers 10266 (100) 0.7 0.06 98.6 
Leukaemias      384 (3.7) 1.5 0 96.4 
Lymphoma  806 (7.9) 1.4 0.1 97.9 
CNS tumours      350  (3.4) 1.3 0 87.7 
Bone sarcoma 148  (1.4) 1.4 0 98.8 
Soft tissue sarcoma 254  (2.4) 1.5 0.28 95.6 
Germ cell tumours      746   (7.2) 10.0 0 99.1 
Melanoma 3127 (30.1) 0.9 0.02 99.3 
Carcinoma 

Thyroid 
Breast 
Cervix uteri 
Colorectum 
Other  

4291 (41.8) 
528  (5.1) 

1307  (12.7) 
699 (6.8) 

     357  (3.5) 
610 (5.9) 

0.4 
0.3 

- 
- 

1.1 
0.7 

0.03 
0 
0 
0 
0 

0.1 

99.2 
99.7 
99.5 
99.4 
99.4 
98.5 

Other Neoplasms 160  (1.6) 0.7 1.6 79.5 

DCO; Deaths by certificates only; CNS: Central Nervous System 
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Table 5.2: 5- and 10-year relative survival ratio for the most recent diagnosis period, 2001–
2004 a 

  Males Females 
 
 
 
All Cancers  

 

15-19 
20-29 
30-39 
15-39 

5-yr RSR  
(95% CI) 

10-yr RSR  
(95% CI) 

5-yr RSR  
(95% CI) 

10-yr RSR  
(95% CI) 

0.85 (0.79, 0.90) 
0.89 (0.86, 0.92) 
0.81 (0.78, 0.83) 
0.84 (0.82, 0.86) 

0.80 (0.73, 0.85) 
0.88 (0.84, 0.90) 
0.75 (0.71, 0.78) 
0.78 (0.75, 0.81) 

0.92 (0.85, 0.95) 
0.87 (0.83, 0.90) 
0.85 (0.83, 0.87) 
0.86 (0.85, 0.88) 

0.81 (0.71, 0.88) 
0.79 (0.75, 0.83) 
0.81 (0.79, 0.82) 
0.81 (0.78, 0.83) 

 
Leukaemia 

 
15-19 
20-29 
30-39 
15-39 

 
0.64 (0.52, 0.86) 
0.73 (0.57, 0.83) 
0.57 (0.44, 0.82) 
0.62 (0.46, 0.75) 

 
0.53 (0.30, 0.72) 
0.57 (0.33, 0.72) 
0.54 (0.34, 0.73) 
0.55 (0.35, 0.67) 

 
0.62 (0.49, 0.85) 
0.69 (0.53, 0.94) 
0.54 (0.34, 0.83) 
0.61 (0.33, 0.87) 

 
0.45 (0.25, 0.67) 
0.62 (0.38, 0.71) 
0.44 (0.28, 0.63)   
0.46 (0.36, 0.54) 

 
Lymphoma 

 
15-19 
20-29 
30-39 
15-39 

 
0.92 (0.73, 0.99) 
0.89 (0.73, 0.96) 
0.81 (0.67, 0.88)  
0.85 (0.77, 0.90) 

 
0.93 (0.72, 0.98) 
0.94 (0.82, 0.98) 
0.71 (0.58, 0.82) 
0.81 (0.71, 0.88) 

 
0.97 (0.94, 0.99)  
0.85 (0.61, 0.95)  
0.87 (0.72, 0.94)  
0.84 (0.74, 0.91) 

 
0.94 (0.65, 0.99) 
0.83 (0.63, 0.93) 
0.83 (0.69, 0.91) 
0.85 (0.74, 0.92) 

 
CNS  
 

 
15-19 
20-29 
30-39 
15-39 

 
0.62 (0.34, 0.89) 
0.66 (0.38, 0.83) 
0.56 (0.35, 0.78) 
0.55 (0.41, 0.71) 

 
0.47 (0.15, 0.85) 
0.51 (0.29, 0.69) 
0.35 (0.19, 0.52) 
0.42 (0.25, 0.57) 

 
0.57 (0.23, 0.88)  
0.52 (0.26, 0.73)  
0.61 (0.26, 0.84)  
0.52 (0.36, 0.65) 

 
0.46 (0.11, 0.80) 
0.33 (0.15, 0.50)   
0.45 (0.24, 0.65)   
0.43 (0.22, 0.63) 

 
Soft tissue  

 

 
15-19 
20-29 
30-39 
15-39 

 
0.76 (0.13, 0.97) 
0.87 (0.57, 0.97) 
0.87 (0.63, 0.96) 
0.83 (0.67, 0.92) 

 
0.67 (0.20, 0.91) 
0.66 (0.38, 0.83) 
0.65 (0.39, 0.82) 
0.65 (0.43, 0.81) 

 
0.97 (0.94, 1.00)  
0.99 (0.89, 1.00) 
0.76 (0.51, 0.90) 
0.81 (0.64, 0.91) 

 
0.84 (0.27, 0.98) 
0.72 (0.26, 0.93) 
0.53 (0.20, 0.78) 
0.70 (0.38, 0.88) 

 
Germ Cell  

 

 
15-19 
20-29 
30-39 
15-39 

 
0.95 (0.79, 0.99) 
0.99 (0.88, 1.00) 
0.91 (0.80, 0.96) 
1.00 (0.97, 1.00) 

 
0.94 (0.74, 0.99) 
0.98 (0.92, 1.00) 
1.00 (0.94, 1.00) 
0.94 (0.87, 0.97) 

 
0.92 (0.72, 0.98) 
0.85 (0.60, 0.97) 
0.84 (0.27, 0.98) 
0.87 (0.57, 0.97) 

 
0.72 (0.41, 0.89)  
0.80 (0.20, 0.97)  
0.84 (0.27, 0.97) 
0.73 (0.46, 0.88) 

 
Melanoma 

 

 
15-19 
20-29 
30-39 
15-39 

 
0.95 (0.81, 0.99) 
0.97 (0.93, 0.99) 
0.96 (0.90, 0.97) 
0.96 (0.92, 0.96) 

 
0.95 (0.84, 0.98) 
0.97 (0.93, 0.99) 
0.93 (0.89, 0.96) 
0.95 (0.91, 0.97) 

 
0.97 (0.93, 0.99)  
0.98 (0.95, 1.00) 
0.98 (0.95, 0.99) 
0.98 (0.96, 0.99) 

 
0.93 (0.69, 0.99) 
0.98 (0.95, 1.00) 
0.98 (0.95, 1.00) 
0.97 (0.94, 0.99) 

 
Carcinoma 

 

 
15-19 
20-29 
30-39 
15-39 

 
0.88 (0.60, 0.97) 
0.80 (0.70, 0.87) 
0.68 (0.62, 0.73) 
0.71 (0.67, 0.76) 

 
0.65 (0.38, 0.83) 
0.80 (0.70, 0.88) 
0.60 (0.54, 0.66) 
0.62 (0.56, 0.68) 

 
0.97 (0.79, 1.00)  
0.86 (0.81, 0.90)  
0.84 (0.81, 0.87)  
0.85 (0.83, 0.87) 

 
0.75 (0.48, 0.90) 
0.72 (0.64, 0.78) 
0.78 (0.75, 0.81) 
0.76 (0.73, 0.79) 

a Bone Sarcoma not included among subgroup analyses; CI: confidence intervals  
a model also adjusted for sex, Aboriginal status, age at diagnosis, years of follow-up; ARIA, IRSD and Charlson Index; †: highly 
significant group effect (p < 0.0001); ‡: significant group effect (0.001<p<0.05).b Poisson model was not applied to bone sarcomas 
because of instability and lack of convergence in the regression model 
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Table 5.3: Adjusted excess mortality hazard ratios by diagnostic group and calendar period of 
diagnosis, 1982–2004 a, b 

a model also adjusted for sex, Aboriginal status, age at diagnosis, years of follow-up; ARIA, IRSD and Charlson Index; †: highly 
significant group effect (p < 0.0001); ‡: significant group effect (0.001<p<0.05).b Poisson model was not applied to bone sarcomas 
because of instability and lack of convergence in the regression model 
b model also adjusted for sex, Aboriginal status, age at diagnosis, years of follow-up; ARIA, IRSD and Charlson Index; †: highly 
significant group effect (p < 0.0001); ‡: significant group effect (0.001<p<0.05).b Poisson model was not applied to bone sarcomas 
because of instability and lack of convergence in the regression model 

 

 Calendar period (by year of diagnosis) 

Reference: 1982-1984 

 

1985–1987 1988–1990 1991–1993 1994–1996 1997–2000 2001–2004  

All cancers 0.92 
 (0.80, 1.06) 

0.78 
(0.68, 0.90) 

0.66 
(0.58, 0.77) 

0.63 
(0.55, 0.73) 

0.57 
(0.49, 0.66) 

0.50 
(0.44, 0.58) 

† 

Leukaemia 0.98 
(0.86, 1.26) 

1.06 
(0.93, 1.31) 

1.08  
(0.64, 1.81) 

0.90 
(0.54, 1.48) 

0.82  
(0.49, 1.55) 

0.59  
(0.36, 0.98) 

† 

Lympho 0.89 
(0.54,1.47) 

0.66 
(0.39 1.11) 

0.79  
(0.49, 1.29) 

0.67  
(0.39 1.14) 

0.47  
(0.28 0.82) 

0.48  
(0.29, 0.81) 

‡ 

CNS 1.07  
(0.65, 1.75) 

1.06  
(0.66, 1.74) 

0.70  
(0.42, 1.17) 

1.05  
(0.63 1.73) 

0.99 
(0.59, 1.70) 

1.09  
(0.71, 1.79) 

 

Soft tissue 1.21 
(0.55, 2.63) 

1.08  
(0.53, 2.22) 

1.16  
(0.56, 2.34) 

0.87  
(0.41, 1.85) 

0.89  
(0.39, 2.01) 

0.56  
(0.26, 1.20) 

 

Germ cell 0.41  
(0.15, 1.09) 

0.25  
(0.08, 0.86) 

0.19  
(0.06, 0.67) 

0.20 
(0.06, 0.65) 

0.47 
(0.21, 1.06) 

0.19  
(0.07, 0.37) 

‡ 

Melanoma 1.03 
(0.62, 1.78) 

0.64 
(0.35, 1.16) 

0.53 
(0.29, 0.94) 

0.21 
(0.10, 0.47) 

0.20 
(0.09, 0.46) 

0.46 
(0.27, 0.79) 

† 

Carcinoma 0.95 
(0.78, 1.16) 

0.81 
(0.67, 0.98) 

0.72 
(0.59, 0.87) 

0.76 
(0.63, 0.92) 

0.68 
(0.56, 0.82) 

0.56 
(0.47, 0.67) 

† 
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Table 5.4: Adjusted excess mortality hazard ratios by diagnostic group and sex, Aboriginal status, age, location and social disadvantage, 1982–
2004  a, b 

 
 

 

 

 

 

 

 

 

 

 

 

 
a model also adjusted for years of follow-up, calendar period and Charlson Index ; †: highly significant group effect (p < 0.0001); ‡: significant group effect (0.001<p<0.05) 

 

 Sex 

Reference: 
Males 

 Aboriginal 
status 

Reference: 
No  

 Age at diagnosis, years 

Reference:                                     
15-19 

 ARIA 

Reference: 
Urban area 

 Social disadvantage (IRSD) 

Reference: 4th quartile (least disadvantaged) 

 

Females  Yes  20–29 30–39  Rural/remote 
area 

 1st quartile 
(most) 

2nd quartile  3rd quartile   

All cancers 0.66 
(0.62,  0.71) 

† 1.47 
(1.23, 1.76) 

† 1.07 
(0.76, 1.54) 

1.38 
(1.21, 1.58) 

† 1.13 
(1.04, 1.23) 

‡ 1.14 
(1.04, 1.26) 

1.03 
(0.93, 1.13) 

1.01 
(0.92, 1.16) 

‡ 

Leukemia 1.26 
(1.03, 1.63) 

‡ 1.25  
(0.60, 2.63) 

 0.98 
(0.71, 1.36) 

0.74 
(0.52, 1.06) 

† 0.99  
(0.70, 1.39) 

 1.23  
(0.85, 1.76) 

1.18 
(0.82, 1.71) 

1.01 
(0.71, 1.44) 

‡ 

Lymphoma 0.65 
(0.49, 0.87) 

‡ 1.54 
 (0.67, 3.56) 

 1.30 
(0.81, 2.09) 

2.13 
(1.39, 3.25) 

† 1.10  
(0.80, 1.51) 

 1.07  
(0.74, 1.55) 

1.29  
(0.91, 1.83) 

1.30 
(0.91, 1.84) 

 

CNS 0.92 
(0.71,  1.19) 

 0.79 
 (0.36, 1.73) 

 1.03 
(0.67, 1.57) 

1.60 
(1.09, 2.35) 

‡ 1.09  
(0.82, 1.46) 

 1.14 
(0.82, 1.59) 

1.07  
(0.78, 1.49) 

0.97 
(0.52, 1.11) 

 

Soft Tissue 0.54 
(0.35, 0.83) 

‡ 1.28  
(0.39, 4.21) 

 0.94 
(0.52, 1.71) 

1.13 
(0.65, 1.95) 

 1.21  
(0.72, 2.03) 

 1.47 
(0.83, 2.59) 

1.41  
(0.78, 2.57) 

0.92  
(0.53, 1.61) 

 

Germ cell 3.71 
(2.17, 6.36) 

‡ 6.69  
(2.18, 20.6) 

† 0.97 
(0.69, 1.80) 

1.03 
(0.61, 1.89) 

 1.08  
(0.58, 2.01) 

 0.83  
(0.42, 1.65) 

1.59 
(0.84, 3.07) 

1.14  
(0.55, 2.34) 

 

Melanoma 0.53 
(0.38, 0.74) 

† 3.63  
(0.50, 26.2) 

 1.19 
(0.67, 2.10) 

1.28 
(0.74, 2.21) 

 1.09  
(0.83, 1.43) 

 1.21 
(0.87, 1.69) 

1.09  
(0.79, 1.50) 

1.08  
(0.79, 1.47) 

 

Carcinoma 0.51 
(0.46, 0.56) 

† 1.25 
(1.01, 1.54) 

‡ 1.25 
(0.88, 1.76) 

1.80 
(1.30, 2.50) 

† 1.38  
(1.24, 1.82) 

† 0.99  
(0.87, 1.12) 

1.07 
(0.94, 1.21) 

0.98  
(0.86, 1.12) 
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Figure 5.1: The distribution of each diagnostic group and selected carcinomas by age group/sex
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Figure 5.2: Distribution of each diagnostic group and selected carcinomas by age Group 
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Chapter 6. PREGNANCY OUTCOMES AMONG AYAS DIAGNOSED 

WITH CANCER   

6.1 Preamble  

Stratified Mantel-Haenszel methods were applied to estimate relative risk of selected adverse 

pregnancy and neonatal outcomes among AYA females diagnosed with cancer when aged 15-

39 years and their offspring, respectively. This chapter was published in PLOS One: Adverse 

Obstetric and Perinatal Outcomes following Treatment of Adolescent and Young Adult Cancer: 

a Population-Based Cohort Study. PLoS One 8(9): e113292. doi: 10.1371/journal.pone. 

0113292. 

6.2  Introduction  

In general, cancers that commonly occur among adolescents and young adults (AYAs), ages 

15-39 years, have a relatively good prognosis [2, 149, 150]. For several of these malignancies 

(e.g., melanoma, Hodgkin’s lymphoma, thyroid), 5-year relative survival is in excess of 85% 

[149]. Recent improvements in therapy and early detection of other common AYA 

malignancies, such as carcinomas of the breast and cervix, have the potential to further 

increase overall cancer survival in this age group [151, 152].  These advances will inevitably 

lead to increases in the number of cancer survivors, who will potentially be faced with late 

and long-term physical morbidity, as well as psychological and psychosocial challenges [6, 

151]. Female survivors considering pregnancy are faced with further concerns about the 

impact of cancer therapy on their ability to maintain normal pregnancy and the possibility of 

adverse outcomes among their offspring [153]. These effects may be manifested as an 

increase in obstetric complications or an increase in the frequency of adverse neonatal 

outcomes, such as low birth weight, small for gestational age and congenital malformations. In 

light of the recent trend of delayed childbearing for personal, educational or professional 

reasons [154, 155], evaluating the risks of  pregnancy outcomes following treatment for 

cancer is of increasing importance. Several institutions have reported their experience with 

long-term survivors of diverse types of pediatric cancer [156-166]. However, there is a 

paucity of studies focusing specifically on patients of childbearing age at the time of cancer 

diagnosis. This population-based study investigated the occurrence of selected adverse 

pregnancy and neonatal outcomes respectively, among females diagnosed with cancer when 

aged 15-39 years and their offspring.  
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6.3 Methods 

Health datasets 

The Western Australian Data Linkage System (WADLS) was used to extract health records of 

all females diagnosed with cancer in Western Australia (WA) during the period 1st January 

1982 to 31st December 2007, as well as a sample of females without any cancer history.  The 

WADLS is a comprehensive system linking population-based health and related data from 

several statutory datasets through probabilistic matching of routinely collected records from 

the same individual, with the proportion of valid links estimated through audits and validity 

studies to be >98.5% of matches[64]. The WA Cancer Registry (WACR), for which notification 

has been a statutory requirement since 1981 [65], was used to extract  patients’ basic 

demographic data,  information on their tumor (date of diagnosis, anatomic site, histologic 

type). Tumors were classified by histologic type as described in the 3rd edition of 

the International Classification of Diseases for Oncology [167], then grouped according to the 

Surveillance, Epidemiology, and End Results Program (SEER) AYA cancer diagnostic 

classification, a scheme developed to better define the major cancers that affect individuals 

between 15 and 39 years of age [76]. Tumours were further categorized by anatomic primary 

site as those arising in the (i) abdomen (ii) pelvis, or (iii) all other tumours. Exposure to 

cancer therapy was classified into one of five mutually exclusive treatment groups: surgery 

alone, chemotherapy alone, radiation therapy alone, chemotherapy plus radiation, and all 

other types and combinations of therapy. The Midwives Notification System (MNS) was used 

to obtain patients basic demographics and information on the pregnancy and delivery related 

to live births and stillbirths (20 weeks or more gestation or birth weight ≥ 400g) in WA, 1982-

2007. Information collected included maternal characteristics (age at delivery, marital status, 

ethnicity), pre-existing and new-onset health problems during the pregnancy, obstetric 

procedures and outcomes, and perinatal outcomes. The date of birth or pregnancy 

termination is registered with measurements of the newborn such as weight, length and vital 

status. The Hospital Morbidity Database System (HMDS), which lists principal and additional 

diagnoses and procedures, coded according to the International Classification of Diseases (ICD) 

editions 9 and 10, was used to extract data for all hospital admissions. 

Location and assignment of indices of socio-economic status 

Socio-economic disadvantage was measured using Index of Relative Socio-economic 

Disadvantage (IRSD), which is based on census data of prevalence of low income, low 
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educational attainment, high unemployment, rented dwellings, one parent families, and 

lacking fluency in English and other measures of social disadvantage [30]. The IRSD 

corresponded to the census collection district (CD) of the maternal residential address. Each 

CD contains approximately 200 dwellings.  

Selection of cases and comparison females 

Cases were defined as females first diagnosed with histologically confirmed malignancy in WA 

while aged 15-39 years, in the period January 1, 1982 and Dec 31, 2007, and who had a 

subsequent delivery, either live or still birth, in WA on or before Dec 31, 2008. Only the first 

completed pregnancy (≥20 weeks) following cancer diagnosis was included. We created a 

frequency-matched comparison cohort using completed pregnancies of women with no 

registered history of cancer on the basis of maternal age (one year either way), delivery year 

(within 1 year), parity, and Aboriginal status. Any individual with a cancer diagnosis (primary 

or secondary) prior to their delivery was excluded from the comparison group. 

Adverse outcomes and exposure groups  

Data on the obstetric and perinatal outcomes were obtained from the MNS based on diagnosis 

by the attending clinician/midwife. Adverse obstetric outcomes included the following: 

threatened abortion, threatened preterm labor, preterm delivery (gestation <37 weeks); 

preeclampsia (the onset of hypertension, i.e., systolic blood pressure >=140 mm Hg and/or 

diastolic blood pressure >=90 mm Hg from 20 weeks’ gestation onwards accompanied by 

proteinuria); antepartum hemorrhage (defined as occurrence of placental abruption, placenta 

previa, or other excessive bleeding during labor and delivery); pre-labor rupture of 

membranes (PRoM: rupture of the membranes >12 h before onset of labor irrespective of 

gestation at the time of membrane rupture); gestational diabetes (diabetes first diagnosed 

during pregnancy, as confirmed by clinical investigations e.g., glucose tolerance test);  other 

adverse pregnancy outcomes (e.g., intrauterine growth restriction (IUGR); intrauterine death 

(fetal death at ≥20 weeks of gestation), postpartum hemorrhage (>=500 ml); cesarean 

delivery. Adverse perinatal outcomes included: low birth weight (less than 2,500 g), low 1-

min Apgar score (less <7), resuscitation (defined as the need for endotracheal intubation or 

external cardiac massage); admission to a special care unit; neonatal death (infant death 

during the 1st week of life); and congenital abnormalities identified prior to discharge from 

hospital. 
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Statistical Analysis  

Initial descriptive analysis followed by bivariate analysis of study factors using Chi squared 

(χ2) testing was performed. Stratified Mantel-Haenszel methods were applied to estimate 

relative risk (RR) with 95% confidence intervals (CI). The results were similar to those 

produced by log-binomial or Poisson models [168]. All models were adjusted for frequency-

matched variables (parity, year of delivery, maternal age-group). Other variables used for 

adjustments were Aboriginal status, residential remoteness, hospital insurance status, 

previous cesarean section, use of fertility treatment and maternal smoking during pregnancy. 

Gestational age was adjusted for in LBW. Sub-analyses were conducted, stratified by age at 

diagnosis, cancer SEER diagnostic groups, cancer anatomic site, calendar-period of diagnosis, 

and cancer treatment category.  All analyses were conducted using SAS version 9.2 [127]. 

6.4 Results 

Patient characteristics  

A total of 1894 females were diagnosed with cancer in WA between 1982 and 2007 (Table 

6.1). The majority of females were diagnosed with carcinoma (34%) or melanoma (25%). The 

proportion of AYA cancer patients identified with at least one subsequent pregnancy (> 20 

weeks) during the follow-up period was 24%.  Table 6.2 compares the characteristics at index 

delivery of females diagnosed with AYA cancer with those of the group who had no cancer 

history. Distribution for maternal age, year of delivery, parity and Aboriginal status were 

similar between groups.  

Adverse maternal and neonatal outcomes  

Relative risks of  obstetric and perinatal complications compared to baseline measurements 

are reported in Table 6.3. Female survivors were nearly twice as likely to undergo fertility 

treatment compared with the non-cancer comparison group (adjusted relative risks, ARR 1.9, 

95%CI 1.4–2.7). Females who had been diagnosed with AYA cancer had a higher risk of 

threatened abortion (2.1, 1.5–2.7), preeclampsia (1.4, 1.1–1.9), gestational diabetes (2.7, 2.1–

3.6), cesarean delivery (2.6, 2.2–3.0), and were more likely to have a length of hospital stay 

longer than 5 days (3.0, 1.7–5.6) compared with the non-cancer group.   

Females in the cancer cohort were more likely to deliver infants at <37 weeks gestation (1.7, 

1.2–2.1) or weighing <2500 grams (1.5, 1.2–2.1) relative to the comparison group. Infants 

born to females in the cancer cohort had an increased risk of resuscitation (1.7, 1.3–2.2), low 
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Apgar score (<7) at 1 minute (2.8, 2.3–3.6), and admission to special care unit (1.4, 1.1–1.8).  

The male: female ratios of offspring were similar in the cancer cohort and comparison group.  

Intrauterine and neonatal deaths and congenital abnormalities occurred in similar 

proportions in both cohorts.  

Outcomes by diagnostic and treatment categories   

Tables 6.4 shows the risks (ARR) of adverse obstetric and neonatal complications 

respectively, among females with previous cancer compared with those without, according to 

AYA cancer diagnostic characteristics and treatment details. Risk of all four obstetric 

outcomes was highest for older women (30-39 years) and in the 2002-2007 calendar period 

of diagnosis.  All adverse outcomes were also most likely after diagnosis of CNS tumor (except 

cesarean section) and carcinomas. Risk of cesarean section was high after bone carcinoma and 

the risk of maternal diabetes was high following diagnosis of almost all of the cancer types.  

All adverse outcomes were slightly more likely following a diagnosis of a cancer in the pelvis.  

Risk of threatened abortion and preeclampsia were more likely following radiation therapy 

alone rather than other treatment types, but maternal diabetes was more likely after 

chemoradiation and cesarean section was most likely after chemotherapy alone.  

The risks of all adverse perinatal outcomes tend to risk with increasing age of diagnosis. With 

the exception of low Apgar score, adverse perinatal outcomes were mostly likely to occur in 

the earliest study period. All adverse outcomes were more likely in the offspring of females 

previously diagnosed with carcinomas.  The risk of preterm delivery, LBW and resuscitation 

were highest in the offspring of survivors of leukaemia and women with malignancies arising 

in the pelvis. The offspring of women exposed to radiation had a high risk of preterm delivery, 

LBW and low Apgar score whereas resuscitation was most likely in women who were exposed 

to chemotherapy.  

No significant increases in risks for antepartum hemorrhage, postpartum hemorrhage, IUGR, 

PRoM, failure to progress, retained placenta, intrauterine death or neonatal death were 

observed across cancer diagnostic and treatment categories (data not shown).  

6.5 Discussion 

Main findings  

In this large study of pregnancy outcomes following AYA cancer, female survivors had a 

moderately increased risk of obstetric complications such as threatened abortion, cesarean 
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delivery, preeclampsia and gestational diabetes, compared to females with no history of 

cancer.  The offspring of female survivors had a higher risk of preterm birth and LBW, as well 

as measures of neonatal distress (low Apgar score at one minute, need for resuscitation, and 

admission to a special care unit) compared to the offspring of females from the non-cancer 

cohort.   

Subgroup analyses according to AYA cancer diagnostic characteristics and treatment details 

found that threatened miscarriage was higher in survivors of AYA cancer diagnosed at an 

older age, those with a history of CNS tumors and carcinomas, abdominopelvic site tumors as 

well as females who had been treated with radiotherapy.  Generally speaking, the most 

important antecedent to miscarriage is chromosomal abnormality [169]. Other factors which 

influence the risk of miscarriage include older maternal age, congenital uterine abnormalities, 

autoimmune factors, thrombophilic disorders, maternal endocrine abnormalities (e.g., poorly 

controlled diabetes and polycystic ovarian syndrome)[170].  Although it is plausible that 

conditions such as autoimmune or metabolic disorders may occur secondarily to cancer or its 

treatment, the specific reasons for threatened miscarriage in this group of females is still 

unclear. However, the increased risk of threatened miscarriage among survivors of pelvic 

tumors and those who had been treated with radiation raises the possibility that this outcome 

is an adverse effect of prior uterine irradiation [171]. Overall, there was no strong indication 

that threatened abortion varied by cancer type except among females diagnosed with CNS 

tumors and carcinoma. The CNS finding suggests that radiation to the brain may increase the 

likelihood of a miscarriage, possibly through impairment of the hypothalamic-pituitary-

ovarian-axis [172, 173]. 

We found that gestational diabetes featured more frequently among survivors of CNS 

tumours, bone sarcoma and carcinomas and patients with tumours arising in the abdominal 

pelvic region. Our study also found maternal diabetes was more common in females exposed 

to chemoradiation. Possible associations between maternal diabetes and cancer subgroup are 

largely understudied. A few studies have reported that childhood cancer survivors whose 

treatment included cranial [174, 175] and total body irradiation [176] were at risk of diabetes 

mellitus. The sequelae from cancer therapies, such as chemo- and radiotherapy, may 

potentially compromise health in several ways that could lead to decreased immune 

functioning, cardiotoxic effects, and weight gain [173], which may in turn contribute to 

secondary health problems such as cardiovascular disease and diabetes.  
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Cesareans were more common in females diagnosed with cancer compared with those with 

no history of cancer and in particular common in those females exposed to chemo- or 

radiotherapy, and females diagnosed with leukaemia, bone cancer and primary cancers in the 

abdomen or pelvis. The combination of psychological and obstetric considerations has 

probably led to the high frequency of cesarean delivery in females diagnosed with cancer. 

Possible clinician- and patient-dependent reasons for an increased rate of planned cesarean 

sections, including concerns over medical malpractice, fear of birth trauma and the potential 

risk to the child due to difficult vaginal delivery. However, this does not necessarily explain 

the specific difference identified within the observed results and therefore requires further in-

depth investigations.  

The excess risk of LBW and preterm delivery among females treated by radiation therapy is 

likely related to the radiation dose to the uterus irrespective of cancer type [177], but it is 

difficult to distinguish between treatment effects and cancer type. Survivors of certain cancer 

sub-types (e.g., lymphoma, soft tissue sarcoma and carcinomas) had an increased risk of 

preterm delivery and offspring with LBW.   Previous investigators have hypothesized that 

radiation-induced damage to abdominopelvic tissue, including vasculature, could interfere 

with fetal growth by physical constraint of uterine volume or by restricting vascular support 

to the pregnancy, leading to low birth weight or small for gestational age [157, 165, 178]. Also, 

uterine fibrosis might affect cervical competence or placentation which are both associated to 

preterm delivery [173, 179-183].  

Overall the offspring of female survivors of cancer were more likely to experience fetal 

distress.  The Apgar score, which is assigned to virtually every newborn, evaluates the clinical 

state of the newborns based on five physical signs (heart rate, respiratory effort, reflex 

irritability, muscle tone and color) present shortly after birth [184]. A higher risk of low Apgar 

score was observed among offspring of females who had a history of germ cell tumors and 

carcinoma and those exposed to radiation therapy or chemoradiation. A low Apgar score is a 

marker of a suboptimal fetal environment. The mechanism underlying this observation is, 

however, unclear. 

It is worth noting that, the gender ratio of the offspring of the females in our study was not 

significantly different from that of the comparison group. This is reassuring because it 

suggests that there is no deficit of male infants among the offspring of the female survivors, a 

finding that, were it present, would suggest transmission of lethal X-linked mutations [185]. 
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The finding that more female cancer patients used fertility treatment than the non-cancer 

comparison group was not surprising. We were unable to further investigate specific 

associations between cancer diagnosis and fertility due to lack of detail information regarding 

treatment exposure. However, a number of past studies have found that certain 

chemotherapy regimens [186], especially those including high-dose alkylating agents, can 

lead to infertility. Pelvic irradiation can also adversely affect ovarian function, whereas cranial 

radiation can impair the hypothalamic pituitary function and cause hypogonadism through 

gonadotropin-releasing hormone (GnRH) deficiency [187] and total-body irradiation in 

hematologic malignancies affects uterine volume [188]. Due to these potentially serious long-

term fertility consequences, female patients should be informed of available methods of 

fertility preservations before the initiation of cancer-directed therapy. Currently, there are 

several possibilities to preserve future fertility, including in vitro fertilization (IVF) and 

embryo cryopreservation, ovarian tissue cryopreservation, unfertilized ova cryopreservation, 

and the administration of a GnRH agonist [189-192]. 

Strengths and Limitations 

This retrospective study used routinely collected statutory data for the entire population of 

Western Australia, which provided a large sample size and minimized incomplete case 

ascertainment and loss to follow-up between cancer diagnosis and pregnancy. The MNS 

provided us with comprehensive data about gestational, delivery, and infant outcomes of 

completed pregnancies, but excluded pregnancies resulting in completed miscarriage (<20 

weeks). Information from the registries included important confounders and well-established 

risk factors for adverse outcomes, such as smoking. However, we did not have detailed 

information about cancer therapies, such as radiation dose and field location or specific 

chemotherapeutic agents. For example, lack of comprehensive treatment information 

precluded investigating the risk of adverse pregnancy outcomes by dose of radiation received 

to the reproductive organs; hence, residual confounding by radiation exposure could have 

distorted the magnitude of the measured associations. Furthermore, survivors included in this 

investigation were treated between 1982 and 2007 and hence, less is known about the 

potential adverse effects of more recent therapies which are believed to be much more 

aggressive than earlier therapies. Survivors treated more recently are still relatively young 

and the number of offspring born to these survivors will be relatively small. There are 

inevitable caveats on interpretation of findings from subgroup analyses, particularly as the 

routinely collected data in this study lacked certain important clinical details, such that causal 
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inferences are necessarily speculative. Further, we lacked information about the patient’s 

childbearing intent, the number and timing of attempts of post-treatment parenthood or 

whether assisted reproductive technology was actually used (or offered) because of patient or 

partners subfertility. Therefore, our findings are primarily relevant to females who have 

attempted parenthood and were able to become pregnant. It is also worth noting that the 

recording of a number of maternal conditions such as diabetes may be less sensitive, albeit 

highly specific and that the differential monitoring of females with a cancer history could have 

resulted in the increased identification of some prenatal conditions.  

Past studies 

There are number of previous reports of pregnancy outcomes in long-term survivors of 

diverse types of pediatric cancer [156-166]. However, only a few published studies have 

specifically focused on patients of childbearing age at the time of cancer diagnosis [41, 45, 

193-195]. Like our study, these studies reported significantly elevated risks of preterm 

delivery and LBW, ranging from 1.3–3.1 [41, 45, 196] and 2.0–3.7 [45, 196], respectively. Two 

studies reported additionally that infants born to female AYA cancer survivors were also at 

higher risk of perinatal death [1.9–2.3] compared to offspring of females with no prior cancer 

diagnosis [45, 196]. After adjustment for prematurity, another study found that the risk of 

early death or stillbirth was not increased [194]. One study found that cancer survivors had 

higher rates of postpartum hemorrhage (OR 1.56) and operative or assisted delivery (OR 

1.33) compared with females without a history of cancer [195]. The principal limitations in 

these recent studies investigating outcomes in AYA females arises from the fact that some past 

studies using hospital based data from single institutions, which may have hindered accurate 

or valid quantification of risks due to small sample size [196]; another study focused 

exclusively on a few neonatal outcomes (preterm delivery, LBW) and  did not quantify 

maternal-related complications[41, 45]. Although one study extended the age range of cancer 

survivors by including patients diagnosed at aged 0 to 43 years, they did not separately report 

diagnostic age-specific risk estimates for AYAs [195]. Our study presents a detailed 

assessment of maternal outcomes in female survivors of adolescent and young adult cancers.  

6.6 Conclusions 

Our data indicate that AYA cancer survivors who have an excess risk of threatened abortions, 

cesarean delivery, preeclampsia, diabetes and their offspring have a moderately elevated risk 

of preterm birth and LBW. Our findings also suggest an adverse association between older age 
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at diagnosis, certain cancer diagnoses and therapies, namely radiation therapy and cancer in 

the abdominal-pelvic region. Although their infants may be more likely to be preterm or of 

low birth weight, we observed no increases in congenital malformations, or neonatal death 

and no altered male to female sex ratio that might indicate increased germ cell mutagenicity. 

Overall, our results indicate a need for close surveillance of female survivors of AYA cancers. 

Understanding the effects of cancer on future childbearing may assist in the strategic 

targeting of resources to give these females the best care and access to treatment.  
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Tables  

Table 6.1: Diagnostic characteristics and treatment details of AYAs diagnosis, Western 
Australia, 1982-2007  

 Cases n, % 
Total  1894 (100%) 

Cancer diagnostic group 
Leukemia 
Lymphoma 
CNS tumor 
Bone sarcoma 
Soft tissue sarcoma 
Germ cell tumor 
Melanoma 
Carcinoma 
Other  

 
 57 (3%) 
152 (8%) 
76 (4%) 
38 (2%) 
95 (5%) 
208 (11%) 
474 (25%) 
644 (34%) 
152 (8%) 

Cancer site  
Abdomen 
Pelvis  
Other 

 
 398 (21%) 
170 (9%) 
1117 (59%) 

Age at cancer diagnosis (years) 
    15-19 
    20-29  
    30-39 

 
739 (39%) 
98 (52%) 
170 (9%) 

Period of cancer diagnosis  
1982-1988  
1989-1995  
1996-2001  
2002-2007  

 
322 (17%) 
530 (28%) 
587(31%) 
455(24%) 

Type of cancer treatment 
Surgery alone 
Chemotherapy alone 
Chemoradiation therapy 
Radiation therapy alone 
Other  

 
644 (34%) 
208 (11%) 
170 (9%) 
170 (9%) 
701 (37%) 
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Table 6.2: Maternal characteristics of females diagnosed with AYA cancer and a comparison 
group who had no cancer history  

Characteristic AYA cancer cohort, n (%) Comparison cohort, n (%) 
Total  1894 (100%) 4138 (100%) 

Maternal age at delivery (years) 
15-19 
20-29 
30-34 
≥35  

 
193 (10%) 
841(44%) 
550 (29%) 
310 (16%) 

 
455 (11%) 
1779 (43%) 
  1242 (30%) 
662 (16%) 

Year of delivery 
1982-1988  
1989-1995  
1996-2001  
2002-2007 

 
246 (13%) 
398 (21%) 
587 (31%) 
663 (35%) 

 
497 (12%) 
828 (20%) 
1324 (32%) 
1489 (36%) 

Parity a 
Para 1 
Para 2  
Para 3 or more  

 
1023 (54%) 
417 (22%) 
454 (24%) 

 
2193(53%) 
952 (23%) 
993 (24%) 

Indigenous status 57 (3%) 83 (2%) 
Married/defacto status  1686 (89%) 3931 (95%) 
Smoked during pregnancy  284 (15%) 455 (11%) 
Genital herpes  47 (3%) 86 (2%) 
Pre-existing diabetes  114 (6%) 207 (5%) 
Asthma 190 (10%) 335 (8% 
Previous cesarean section  152 (8%) 455 (11%) 
Socioeconomic disadvantage  
Low 
Mid 
High 

 
587 (31%) 
663 (35%) 
644 (34%) 

 
1366 (33%) 
1407 (34%) 
1366 (33%) 

Residential remoteness (remote 
and rural)  

284 (15%) 952 (23%) 

Insurance status 
Private 
Public    

 
1155 (61%) 
739 (39%) 

 
1821 (44%) 
2317 (56%) 

a Parity: parity was defined as the number pregnancies (live and still) after 20 weeks gestation. Para 1: 1st birth; Para 2: 2nd 
pregnancy; 3rd or greater pregnancy. 
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Table 6.3: Risk of maternal and perinatal adverse outcomes following births among females 
diagnosed with AYA cancer and comparison group  

 AYA cancer  Comparison ARR (95% CI) a 

Maternal complications 
Threatened abortion (<20 wks)  76(4%)  83 (2%)  2.09 (1.51-2.74) 
Threatened preterm labor (20-36 
wks)  

54 (3%) 91 (2%)  1.28 (0.88-1.88) 

Pre-eclampsia  69 (4%)  111 (3%)  1.44 (1.13–1.87) 
Maternal anaemia  21(1%)  39 (1%) 1.31 (0.71–2.19) 
Gestational diabetes  101 (5%) 83 (2%)  1.38 (1.09–2.98) 
Postpartum haemorrhage  95 (5%) 199 (5%) 1.08 (0.82–1.56) 
Antepartum hemorrhage  17 (1%)  41 (1%) 0.92 (0.59–1.78) 
PRoM a 99 (5%) 207 (5%) 0.99 (0.83–1.31) 
Failure to progress  32 (2%) 47 (1%) 1.51 (0.97–2.37) 
Retained placenta 57 (3%)  128 (3%) 0.98 (0.73–1.34) 
Cesarean delivery  342 (18%) 288 (7%) 2.62 (2.22–3.04) 
Postpartum LOS >5 days  227 (12%) 189 (5%) 3.01 (1.72–5.58) 
Use of fertility treatment  57 (3%) 42 (1%) 1.94 (1.36–2.69) 
Perinatal complications 
Number of  females (reference: male) 948 (50%) 2029 (49%) 1.05 (0.98–1.10) 
Gestational age at birth 
20-36 weeks 
37-40 weeks 
41-43 weeks 

 
284 (15%) 
1458 (77%)  
152 (8%) 

 
412 (10%) 
3310 (80%)  
416(10%) 

 
1.68 (1.21–2.08) 
Reference  
1.04 (0.94–1.56) 

 Birth weight  
< 2500 g 
2500-4000 g 
> 4000 g 

 
246 (13%) 
1439 (76%)  
 208 (11%)  

 
331 (8%) 
3435(83%)  
372 (9%) 

 
1.51 (1.23–2.12) 
Reference  
1.33 (0.99–1.71) 

Intrauterine growth restriction 119 (6%) 94 (2%) 1.21 (0.97–2.06) 
Low Apgar score at 1 min (<7)  189 (10%)  124 (3%)  2.83 (2.28–3.56) 
Resuscitation  164 (9%) 207 (5%)  1.66 (1.27–2.19) 
Admission to special/intensive care  97(5%) 150 (4%) 1.44 (1.13–1.78) 
Intrauterine death 38 (2%) 81 (2%)  1.07 (0.86–1.65) 
Neonatal death  19 (1%) 41 (1%)  1.03 (0.54–1.71) 
Congenital abnormalities 12 (1%  33 (1%)  0.78 (0.41–1.37) 

a PRoM: Premature rupture of the membrane 

a The final models were adjusted for: Aboriginal status, previous cesarean section, maternal smoking, use of fertility treatment, 
residential remoteness, and hospital status 
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Table 6.4: Selected adverse obstetric and perinatal outcomes according to AYA cancer characteristics and treatment details, Adjusted Relative Risk 
versus non-cancer comparison group (95% CI) a 

  
Adjusted relative risk (95% CI) versus non-cancer comparison group 

 
Cancer charac-
teristic 

 
Threatened 
abortion 

 
Gestational 
diabetes  

 
Cesarean 
delivery 

 
Preterm  
delivery  

 
Low birth 
weight b 

 
Low Apgar score 
(<7) 

 
Resuscitation 

Age at diagnosis 
15-19  
20-29  
30-39 

 
0.76 (0.4-1.7)  
1.15 (0.6-4.0.)  
1.58 (1.1-3.4)  

 
1.12 (0.5-4.0)  
1.64 (1.0-2.9)  
3.11 (1.1-7.9)  

 
0.66 (0.5-1.9)  
1.22 (1.0-3.3)  
3.16 (1.0-10.0)  

 
1.32 (1.0-1.9)  
1.66 (1.0-2.7) 
1.72 (1.3-1.8)  

 
1.34 (1.0-1.8)  
1.75 (1.2-2.6)  
1.63 (1.3-2.8)  

 
1.34 (0.8-2.4)  
2.24 (1.6-3.7) 
1.81 (1.1-2.7) 

 
1.13 (0.7-1.7) 
1.35 (0.7-2.8)  
1.68 (1.2-2.4) 

Diagnosis period  
1982-88 
1989-95 
1996-01 
2002-07 

 
1.06 (0.7-1.5)  
0.64 (0.3-1.5) 
1.29 (1.0-1.8)  
2.19 (1.3-3.1) 

 
0.88 (0.4-6.1)  
0.92 (0.3-4.3)  
1.28 (1.0-2.7)  
1.92 (0.8-4.0)  

 
1.12 (0.8-2.5)  
1.38 (0.9-2.0) 
2.16 (1.0-4.0.) 
2.32 (1.1-4.2) 

 
1.21 (0.9-1.7) 
1.42 (1.0-1.9)  
1.32 (1.0-3.0) 
1.88 (1.1-2.7)  

 
0.88 (0.4-2.3)  
1.11 (0.6-4.2) 
1.16 (1.0-2.5) 
1.43 (1.1-2.1)  

 
1.48 (0.8-1.4) 
1.31 (0.5-2.9)  
2.44 (1.2-4.7)  
1.56 (1.0-2.7) 

 
0.98 (0.7-2.2)  
0.92 (0.3-2.9)  
1.16 (1.0-1.7) 
1.34 (1.1-2.7) 

Diagnostic type 
Leukemia 
Lymphoma 
CNS tumor 
Bone  
Soft tissue 
Germ cell  
Melanoma 
Carcinoma 

 
2.18 (0.9-5.7)  
1.08 (0.4-2.8)  
2.14 (1.1-3.8) 
1.25 (0.8-1.7)  
0.81 (0.1-4.9)  
0.96 (0.3-6.2)  
0.71 (0.5-4.9)  
2.41 (1.4-6.5)  

 
1.23 (0.2-9.4)  
1.52 (0.8-2.8)  
2.32 (1.3-4.0) 
2.14 (1.1-6.1)  
2.73 (0.4-18.8) 
2.91 (0.5-18.8)  
2.01 (0.3-12.8)  
2.45 (1.3-4.0) 

 
2.01 (1.3-12.4) 
1.45 (1.0-2.2) 
0.99 (0.8-1.5)  
2.14 (1.3-3.9) 
1.38 (0.5-2.3)  
0.92 (0.5-6.1) 
1.57 (0.9-2.4) 
2.34 (1.2-7.7) 

 
1.71 (1.2-2.4)  
0.94 (0.4-2.4 
1.81 (1.4-2.5)  
1.18 (0.6-2.0) 
0.87 (0.4-2.4) 
0.91 (0.3-2.9) 
1.08 (0.7-1.9) 
2.39 (1.7-3.9)  

 
1.79 (1.4-2.6)  
0.87 (0.3-2.4) 
0.97 (0.7-1.5) 
1.16 (0.9-1.9) 
1.73 (0.8-3.6) 
1.38 (1.0-1.8)  
1.05 (0.6-2.0)  
2.13 (1.2-3.6) 

  
1.51 (0.8-3.2) 
1.04 (0.5-1.9)  
0.92( 0.7-1.3) 
1.43 (0.8-1.6)  
1.09 (0.9-1.9)  
2.64 (1.1-4.9) 
1.77 (0.3-4.9) 
1.41 (1.0-3.0) 

 
0.83 (0.4-2.5) 
1.48 (0.4-5.8) 
0.92 (0.5-1.8)  
1.15 (0.9-1.7)  
0.96 (0.4-6.2)  
1.07 (0.8-1.8)  
0.86 (0.4-3.1)  
1.67 (1.2-3.1)  

Anatomical site  
Abdomen 
Pelvis  

 
1.73 (1.1-2.5) 
2.02 (1.1-3.1) 

 
1.32 (1.1-2.6)  
2.61 (1.8-4.0) 

 
1.38 (1.1-2.3) 
2.14 (1.3-3.9) 

 
1.56 (1.2-2.8)  
1.76 (1.3-3.0) 

 
1.41 (1.0-2.2) 
1.88 (1.2-2.9) 

 
2.16 (1.0-3.9) 
2.21 (1.1-3.4) 

 
1.63 (1.2-2.3)  
1.18 (0.7-2.1) 

a The final models were adjusted for: Aboriginal status, previous cesarean section, maternal smoking, use of fertility treatment, residential remoteness, and hospital status 



 

 

103 

 
  

Adjusted relative risk (95% CI) versus non-cancer comparison group 
 
Cancer charac-
teristic 

 
Threatened 
abortion 

 
Gestational 
diabetes  

 
Cesarean 
delivery 

 
Preterm  
delivery  

 
Low birth 
weight b 

 

 
Low Apgar score 
(<7) 

 
Resuscitation 

Treatment  
Chemo 
Radiation 
Surgery 
Chemo-rad 
Other/unk  

 
1.48 (0.9-2.3) 
1.98 (1.4-2.6)  
1.02 (0.5-1.9) 
1.08 (0.5-1.9)  
1.30 (1.0-1.8) 

 
1.25 (0.3-5.0)  
0.80 (0.3-2.6)  
1.34 (0.2-9.8)  
2.52 (1.1-5.1)  
0.90 (0.3-2.8) 

 
1.78 (1.3-2.5)  
1.35 (1.1-2.8)  
0.84 (0.6-1.6) 
1.45 (1.0-2.1)  
1.07 (0.8-1.9)  

 
1.28 (1.0-2.1)  
1.78 (1.5-3.7) 
0.94 (0.3-2.9) 
1.05 (0.4-2.9)  
1.21 (0.4-2.8) 

 
1.25 (0.6-3.0)  
1.82 (1.3-2.6)  
0.98 (0.2-2.4)  
1.52 (1.0-2.4)  
1.05 (9.0-2.1)  

 
0.98 (0.3-5.6) 
2.14 (1.1-4.0)  
1.08 (0.8-1.7) 
1.78 (1.1-3.0) 
1.11 (0.7-1.6)  

 
1.84 (1.2-4.5) 
1.63 (0.9-2.7)  
1.17 (1.0-1.6)  
1.04 (0.6-2.3) 
2.82 (0.4-12.8) 

a The final models were adjusted for: Aboriginal status, previous cesarean section, maternal smoking, use of fertility treatment, residential remoteness, and hospital status 



 

 

104 

Chapter 7. ADVERSE OUTCOMES IN PREGNANCIES FOLLOWING 

COLORECTAL CANCER  

7.1 Preamble  

Logistic regression models were used to investigate a range of adverse obstetric outcomes 

independently associated with a diagnosis colorectal cancer and its surgical and adjunctive 

treatments in a subset of AYA female patients. This chapter was published in Surgical 

Endoscopy in 2013: Maternal and neonatal outcomes in pregnancies following colorectal 

cancer. Surg Endosc. 7(7): 2327-36. doi: 10.1007/s00464. 

7.2 Introduction   

Globally each year, nearly 40,000 women between the ages of 15–44 years are diagnosed with 

colorectal cancer (CRC) [197]. Fortunately, with advances in adjuvant therapy, overall 

survival of CRC for women in this age group has improved substantially in recent decades, 

with 5-year overall survival now approaching 80% [198].  These improvements in survival 

will inevitably extend management focus for these individuals to long-term health outcomes. 

For these young women, a diagnosis of cancer can have a major impact on future health-

related quality of life and presents psychosocial challenges, including disruption to life goals 

related to family and careers [199-201]. Female survivors considering pregnancy are faced 

with further concerns regarding possible treatment-related pregnancy and neonatal 

complications [202, 203]. However, one study reported that, despite these concerns, nearly 

three quarters of younger cancer survivors without children expressed a desire to have 

children [202]. As women in general are increasingly likely to delay childbearing or to 

continue childbearing bearing at older ages, the possibility of pregnancy among survivors of 

cancer is accentuated. Indeed, the average age of mothers at first birth and for all births has 

been steadily increasing among developed nations [204-207]. In the US, the proportion of first 

births to women aged ≥ 35 years increased nearly eight-fold between 1970 and 2006 [208].  

Treatment for CRC usually involves surgery, and sometimes radiotherapy and/or 

chemotherapy [209]. Frequently-used chemotherapy agents for CRC, such as 5-fluorouracil, 

are reported to be associated with low or no risk of adverse reproductive outcomes [210].  

However, there is little evidence to support this contention and no human outcome data exist 

for the newer agents such as taxanes. Pelvic radiotherapy, however, has been implicated in 

sexual and gonadal dysfunction [211-213]and a host of adverse pregnancy outcomes, such as 
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foetal growth restriction or spontaneous abortion [214-216]. Although numerous studies 

have reported adverse reproductive outcomes following the surgical treatment of 

gynaecological cancers, obstetric and neonatal effects of abdominal/pelvic surgical 

intervention for non-gynaecological cancers, such as CRC , are not well understood. The 

existing evidence is limited to fertility and obstetric outcomes following pelvic surgery for 

benign CRC conditions, such as ulcerative colitis [217-220].  In addition, there are no 

published data on whether open CRC surgery has a greater impact on subsequent adverse 

outcomes of pregnancy compared with the laparoscopic-assisted approach. 

 The objective of this study was to evaluate the risks of adverse maternal and neonatal 

outcomes in pregnancies among women CRC survivors, with a focus on the influence on these 

risks of the surgical technique used to treat the cancer. 

7.3 Methods 

This was a whole-jurisdictional retrospective cohort study, in which outcomes for the first 

post-cancer pregnancy among all women in the state of Western Australia with a history of 

CRC who had subsequent pregnancies in the period 1983-2007 were compared with 

outcomes among randomly selected pregnancies of women with no cancer history.  

Data sources  

All data were derived from linked, de-identified administrative health and demographic 

records for the entire jurisdiction of the state of Western Australia (estimated population at 

midpoint of study period  [1995] c.1.7 million [221]). The Western Australian Data Linkage 

System (WADLS)[222] was used to link data from the following databases: WA Cancer 

Registry (WACR), WA Hospital Morbidity Database System (HMDS), Midwives’ Notification 

System (MNS) and WA death registry.  The WADLS data have been coded according to 

uniform coding specifications, have passed rigid quality control standards and were linked 

using probabilistic linkage with over 98.5% matching accuracy[64]. Data were extracted for 

all cancer registrations, hospital records, midwives’ registrations, and death registrations of 

all women diagnosed with cancer and a random sample of women without cancer who had a 

pregnancy in Western Australia (WA) between 1st January 1982 and 31st December 2007.  

The WACR, to which notification has been a statutory requirement since 1981, contains 

information on basic demographic data and vital status of patients, as well as tumour details 

(date of diagnosis, anatomic site, morphology, histologic type and grade, behaviour, mode of 

diagnosis, and information on subsequent primary malignancies)[67]. Not included are 
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staging details, type of chemotherapy, radiotherapy doses and date of recurrence or relapse 

treatment. The International Classification of Diseases (ICD) diagnostic codes used for this 

extraction were ICD-9: 153 and 154; and ICD-10-Australian Modification (ICD-10-AM): C18, 

C19 and C20.  

The HMDS contains data for all hospital admissions, both public and private. These records 

list the principal and additional diagnoses recorded at every separation. The HMDS also 

includes details of all procedures performed in hospital, including cancer treatments. We 

defined abdominal-pelvic radiation as any radiation treatment to the pelvis, abdomen, lumbar 

and/or sacral spine, hip joint, femur, or whole body radiation.  

The MNS data include pregnancy and delivery details for all infants live or stillborn in WA 

during 1998-2008 at least 20 weeks gestation or with birth weight of at least 400 grams. This 

source contains information on maternal characteristics (age, smoking status, ethnicity, 

marital status and socio-economic status), obstetric outcomes and complications (including 

procedures and treatments during pregnancy), pre-existing medical conditions (including use 

of assisted-reproductive technology) and perinatal outcomes and complications. Essentially 

all of the deliveries occurred in a hospital setting: the frequency of homebirths in WA 

throughout the study period was <1% [71]. The date of hospital discharge for both mother 

and newborn is registered together with measurements of the newborn such as weight, length 

and vital status. 

Follow-up of all patients was performed by the WADLS through linkage of the death registry, 

WACR, HMDS and MNS.  

Selection of subjects  

Selection of cancer survivors was based on the following criteria: diagnosed with 

histologically confirmed CRC  in the study period January 1, 1982 to December 31, 2007; 

underwent CRC surgery, had a pregnancy following their CRC  surgery; and resident in WA at 

time of both cancer diagnosis and pregnancy. A one-year wait-period between final cancer 

treatment and estimated date of conception was imposed.  Exclusions were any pregnancy 

commencing before the wait period or after a second primary cancer. Only the first post-

cancer pregnancy in these subjects was included in the analysis. The comparison group 

comprised pregnancies among women with no cancer history (10 per cancer survivor), 

randomly selected from among all those recorded in the MNS during the study period.  

Individuals with any cancer diagnosis prior to and/or within one year of their pregnancy were 
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excluded. Corresponding information from MNS, HMDS and death registrations were 

extracted for those without cancer. 

Adverse obstetric outcomes  

The following pregnancy outcomes were investigated: spontaneous abortion; threatened 

abortion (<20 weeks); threatened preterm labour (20-37 weeks); pre-term delivery 

(gestation < 37 weeks); pre-labour rupture of membranes (PRoM: rupture of the membranes 

>12 hours before the onset of labour); foetal growth restriction; antepartum haemorrhage;  

anaemic —defined as haemoglobin< 11 grams/100ml; and intrauterine death—foetal death 

at ≥20 weeks of gestation. Adverse labour and delivery outcomes included: precipitous labour 

(lasting <3 hours); prolonged labour (>20 hours); dysfunctional labour—failure to progress at 

> 3cm dilation; Antepartum haemorrhage—defined as occurrence of abruptio placenta, 

placenta previa and other excessive bleeding during labour and delivery; postpartum 

haemorrhage (≥ 500 ml); and the following interventions: induction or augmentation of 

labour, or any caesarean delivery. Neonatal adverse outcomes included foetal macrosomia 

(birth weight >4000g); low birth weight (< 2500 g); 1-minute Apgar score (≤ 6); resuscitation 

—defined as the need for any of the following interventions: oxygen therapy, bag and mask, 

endotracheal intubation, external cardiac massage; admission to a special care nursery; and 

neonatal death— infant death during the 1st week of life; congenital abnormalities identified 

prior to discharge from hospital. 

Ascertainment of socio-economic status 

The WA Record Linkage Project assigns geocodes (latitudes and longitudes) to records based 

on the residential address recorded at the time of the health event. These geocodes are 

mapped onto Australian Bureau of Statistics (ABS) Collection Districts (CDs), each of which 

contains approximately 200 dwellings in urban areas and fewer in rural and remote areas. 

This enabled the assignment of socio-economic status based on the CD of the residence at the 

time of confinement. Socio-economic disadvantage was measured using Index of Relative 

Socio-economic Disadvantage (IRSD), which is based on census data of prevalence within the 

CD of low income, low educational attainment, high unemployment, rented dwellings, one-

parent families, and people lacking fluency in English and other measures of social 

disadvantage [223].  

 

 

http://www.sciencedirect.com.ezproxy.library.uwa.edu.au/science/article/pii/S0748798303000799#ref_BIB15
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Ethics 

The Human Research Ethics Committee of The University of Western Australia and the 

Department of Health Western Australia Human Research Ethics Committee granted ethics 

approval for the study. 

7.4 Analysis 

Chi-squared (χ2) test of independence (or Fisher’s exact test) was used (i) to evaluate crude 

differences between those with and without a CRC history in relation to demographic and 

socio-economic characteristics, as well as obstetric history, co-morbidity and composite 

gestational outcome, and (ii) among women with a history of CRC , to evaluate crude 

differences in characteristics of the cancers between those who had the two different types of 

surgical treatment.  

Logistic regression was applied to estimate odds ratios (OR), with 95% confidence intervals 

(CI), for the independent effects of anatomic site of cancer (colonic versus rectal), of each type 

of CRC surgery, and of adjunctant treatments (chemotherapy and radiotherapy) on the risk of 

adverse maternal and neonatal outcomes. Adjustments were made for (i) calendar year of 

cancer diagnosis (ii) cancer characteristics: anatomic site (colon vs. rectum), histologic type, 

surgical procedure (laparoscopic or open), use of adjunctive therapies (pelvic radiotherapy 

and/or systemic chemotherapy); (iii) calendar year of delivery; (iv) maternal age at delivery 

(iv) parity; (v) previous caesarean delivery; (vi) other previous non-cancer abdominal 

surgery; (vii) co-morbidity – the Charlson Co-Morbidity Index (CCI),  a composite score of 17 

different chronic conditions weighted according to the mortality risk conferred by each [224], 

used in this analysis to adjust for the effects of co-morbid conditions recorded during the 

delivery admission or within the previous 365 days (identified from linked HMDS records); 

(viii) maternal smoking during pregnancy; (ix)pregnancy complications including 

preeclampsia; (x) gestational age; (xi) characteristics of delivery: onset of labour 

(spontaneous/induced labour or caesarean section), duration, analgesia use ; (xii) infant birth 

weight; (xiii) duration of postpartum hospitalization; and (xiv) socioeconomic covariates: 

IRSD, remoteness, ethnicity (Aboriginal Australian versus non-Aboriginal), health insurance 

status and type of hospital for delivery (public vs. private).  Additionally, in order to ascertain 

the independent risk of each adverse outcome, the OR for each was adjusted for the 

occurrence of the other(s).   
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All covariates were included at the outset then removed sequentially by backward stepwise 

reduction if not statistically significant. All analyses were first performed on the whole study 

sample and then stratified by history of surgically treated CRC: none/open/laparoscopic. 

Interaction between covariates was assessed by including in the models interaction terms 

restricted to variable combinations selected on the basis of biological plausibility. Two 

composite outcomes, comprising respectively all of the maternal and neonatal adverse 

outcomes listed, were used in analysis of the relative odds associated with adjunctive CRC 

treatment (chemotherapy/radiotherapy) and with anatomic site of CRC (colon versus 

rectum).   

All analyses were performed using SAS software, version 9.2  [127]. 

7.5 Results 

Patient characteristics  

The study population included 232 CRC  survivors who subsequently had a pregnancy. Of 

these, 153 (66%) women underwent open CRC  surgery and 79 (34%) were treated 

laparoscopically.   

Table 7.1 shows the demographic and clinical characteristics of women treated for CRC and 

the comparison group of pregnant women never diagnosed with cancer at the time of 

delivery. Women in the treatment group were more likely to be aged older than 30 years at 

time of delivery, to be of lower parity (more likely to be having a first pregnancy) compared 

with those having no cancer history and to have private health insurance. Table 7.2 displays 

characteristics of age at diagnosis of CRC, calendar period of CRC diagnosis and tumour 

characteristics of women who underwent open CRC surgery in comparison with women who 

underwent laparoscopic-assisted surgery. There were no significant differences in ethnicity or 

histologic type. Women who underwent open surgery were significantly more like to have had 

a rectal tumour, and to have undergone chemo- or radiation therapy. 

Adverse outcome by treatment type 

On multivariate analysis of predictors of adverse obstetric outcomes (Table7. 3), we found a 

history of radiation therapy for CRC to be a significant independent predictor of composite 

maternal outcomes: OR 4.24, CI 2.19-8.23 and composite neonatal outcomes: OR 2.81, CI 1.09-

7.25. Chemotherapy was marginally associated with adverse maternal outcome (OR 1.11, CI 

1.00-1.23). However, we found no evidence to link chemotherapy and adverse neonatal 
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outcomes although the confidence intervals were wide (OR 0.98, CI 0.34-2.57). In comparison 

to a history of resected colonic cancer, resected rectal cancer was associated with both 

composite adverse outcomes (maternal outcomes: OR 3.73 CI 1.36-10.26) neonatal outcomes: 

OR 2.73, CI 1.30-5.72). Open CRC surgery was also associated with both composite adverse 

outcomes (maternal outcomes: OR 1.54, CI 1.30-1.83 neonatal outcomes: OR 1.29, CI 1.10-

1.53).  

Adverse outcome by surgical procedure (open versus Laparoscopy) 

There were approximately 64% and 57% women from the open and laparoscopic group, 

respectively, compared with 35% in those without cancer, experienced at least one adverse 

pregnancy, labour, delivery or neonatal outcome (Table 7.1).  

Women with a history of CRC treated by either open or laparoscopic surgery had a 

significantly higher risk than women with no cancer history of antepartum haemorrhage 

(Open OR 2.13; CI 1.97-3.32; Lap. OR 1.25, CI 1.19-1.36), postpartum haemorrhage (Open OR 

3.31, CI 2.78-3.93;  Lap. OR 1.61, CI 1.46-1.77) and caesarean delivery (Open OR 4.24, CI 1.32-

13.6;Lap. OR 2.42, CI 1.94-3.15). Open surgery imparted significantly elevated risks for gastro-

intestinal obstruction (OR 1.17; CI 1.08-1.27), spontaneous abortion (1.26, CI 1.04-1.52) and 

prolonged postpartum hospitalization (OR 3.11, CI 1.42-7.73). In comparison with those 

treated laparoscopically, women with a history of open surgery had a significantly higher risk 

of antepartum haemorrhage (ORs versus no cancer: 2.13 vs 1.25) and postpartum 

haemorrhage (ORs versus no cancer: 3.31 vs. 1.61). Table 7.4. 

Table 7.5 compares adverse neonatal outcomes for women diagnosed with CRC who 

underwent either open or laparoscopic CRC surgery and those without a cancer history. 

Women in both surgery groups were significantly more likely than those without a cancer 

history to have newborns with low 1-min Apgar score (≤6), who needed resuscitation or were 

admitted to a special care unit. The risk of perinatal death was not elevated for the infants of 

women in either of the CRC surgical treatment groups. 

7.6 Discussion 

With women increasingly opting to defer their childbearing, and a growing number surviving 

CRC, elucidating the potential risks of adverse pregnancy outcomes following CRC and its 

treatment is becoming increasingly important. Using whole-jurisdictional linked health data 

from Western Australia, we studied the occurrence of adverse pregnancy outcomes following 

CRC. Our findings suggested an increased likelihood of adverse maternal and neonatal 
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outcomes, among women survivors of CRC and their infants respectively, in comparison with 

those having no cancer history.   

Not surprisingly, we found that exposure to radiation conferred a significant risk of adverse 

maternal and neonatal outcomes. Compared with patients not treated with abdomino-pelvic 

radiation, those receiving abdomino-pelvic radiation were more likely to have adverse 

maternal outcome (OR 4.24, CI 2.19, 8.23) and neonatal outcomes (OR 2.81, CI 1.09, 7.25). 

There is little evidence in the literature investigating the association between exposure 

radiation and the risk of adverse obstetric outcomes in female survivors who underwent CRC 

treatment. However, numerous studies in other populations (e.g., childhood cancer survivors) 

have shown that abdomino-pelvic radiation is associated with an increased risk of adverse 

maternal and neonatal outcomes, including spontaneous abortion, pre-term birth, pre-term 

labour, low-birth-weight, perinatal infant mortality (neonatal death and still births) and 

generally reduced fertility[225-230]. These findings were primarily attributed to radiation-

induced vascular damage resulting in ischemia as well as direct damage to uterine muscle. 

The available evidence seems to illustrate the importance of close obstetric monitoring of 

pregnant women who have received radiation to the pelvis or abdomen.  

In our study, chemotherapy was only marginally associated with adverse maternal outcome 

(OR 1.11 CI 1.00, 1.23) and we found no evidence of a link between chemotherapy and 

adverse neonatal outcomes in women who were treated for CRC (OR 0.98 CI 0.34, 2.57). In 

general, previous studies of pregnancy outcome following treatment with chemotherapeutic 

agents for childhood cancers are reassuring, particularly with respect to the possible 

increased occurrence of congenital malformations in the offspring [231-233]. However, the 

number of exposed patients available for study is still small, and the follow-up of those 

offspring who have been identified is short, precluding definitive statements regarding the 

risk of cancer in the offspring. Potential risk from chemotherapy is typically attributed to the 

alkylating properties of the chemotherapeutic agents, which are thought to cause adverse 

reproductive outcomes as a result of mutagenicity and direct germ cell toxicity. Currently, 

there is little evidence to suggest any association between pregnancy outcome and treatment 

with chemotherapeutic agents (e.g. 5-fluorouracil, taxanes) used in the treatment of  CRC. 

Given the paucity of data regarding risks of adverse outcomes following most current cancer 

treatments and the large number of patient factors that influence reproductive outcomes, it 

may still be difficult to provide precise guidance to patients about their risks of adverse 

outcomes. 
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Resections below the peritoneal reflection have been implicated in adverse effects on 

obstetric outcomes in subsequent pregnancies. There have been numerous studies that have 

addressed outcomes after pelvic surgery for benign disease, such as ileal-pouch anal 

anastomosis for ulcerative colitis and familial adenomatous polyposis (22-25).  In our study, 

we found that women who underwent rectal resections were significantly more likely to 

experience composite adverse maternal (OR 3.73, CI 1.36, 10.26) and neonatal (OR 2.73 CI 

1.30, 5.72) outcomes compared to those who underwent colonic resections. Although the 

biologic mechanism(s) accounting for this finding cannot be ascertained from epidemiologic 

data, it is presumable that surgery for rectal malignancy is more likely to alter the anatomy of 

the pelvis including the birth canal (e.g., by means of adhesion formation) and thereby disrupt 

subsequent parturition. It is also plausible that pelvic surgery with presacral dissection leads 

to interruption of the sympathetic innervation of the uterus at the level of the superior 

hypogastric plexus. To our knowledge, there are no previously published data comparing 

pregnancy outcomes for survivors of colonic versus rectal cancer. More research is needed to 

better delineate the extent to which the rectal surgery influences subsequent obstetric 

outcomes in this patient population.   

This study is the first to investigate possible associations between procedure type and 

subsequent outcomes for women diagnosed with colorectal cancer who were pregnant. We 

found procedure type to be independently associated with the risk of adverse maternal and 

neonatal outcomes. Specifically, women treated by the open procedure were significantly 

more likely to experience a complication of ante- or post-partum haemorrhage, and to have 

newborns with low Apgar score or who needed resuscitation or were admitted to a special 

care unit.  There was no significant difference in intrauterine and neonatal death found 

between surgical treatment groups and those with no cancer history. A possible hypothesis 

for adverse obstetric outcomes is postoperative adhesion formations.  In particular, 

performance of laparoscopic CRC resection in the pelvis with regards to adhesion formation 

merits special investigation. Of special note is the high risk of caesarean deliveries among 

women in both surgical groups. Caesarean delivery is a strong determinant of the mode of 

delivery in subsequent pregnancies, establishing a pattern for continued elevated rates of 

surgical delivery. It was not possible from the data provided to distinguish between 

emergency and elective caesarean sections. Either or both may have contributed to the 

increased frequency of total caesarean deliveries. It is likely that previous CRC was associated 

with a higher frequency of emergency caesarean procedures, considering that previous CRC 
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was concomitantly associated with recognised indications for these (e.g., antepartum 

haemorrhage; foetal distress reflected in low Apgar scores and need for neonatal 

resuscitation). Additionally, there are plausible clinician- and patient-dependent reasons for 

an increased rate of planned caesarean sections, including concerns over medical malpractice, 

fear of birth trauma and the potential risk to the child due to difficult vaginal deliveries and 

the perceived lower risk of stress urinary incontinence and uterine and vaginal prolapse. This 

may also have resulted from patients’ perceived maternal risk profiles.  

Although numerous reports have addressed reproductive outcomes of pelvic radiation, few 

have addressed the issue of chemotherapeutic agents used in the treatment of CRC and even 

less is published on the effects of surgical procedure.  A number of previous studies addressed 

the effects of surgical procedure on outcomes of pregnancies concurrent with CRC. To our 

knowledge, this is the only study to have specifically examined the effect of CRC and its 

surgical interventions on subsequent pregnancies in survivors of CRC; and the only one to use 

population-based data to address this question.  The strength of this study is reflected in its 

use of routinely collected birth and hospital administrative health data.  As it is a legislative 

requirement in WA that the MNS records information on all births of at least 20-week 

gestation and the HMDC records information on all hospital admissions and separations, the 

data contain a near complete record of these events in the state.  We aimed to minimize 

confounding in our study by adjusting our analysis for all relevant maternal demographics, 

and pregnancy and birth characteristics, including prior medical conditions, parity, prior 

caesarean section, pregnancy complications, history of smoking, socio-economic 

disadvantage, labour complications, analgesia during labour, and length of labour. We believe 

we were able to minimize residual confounding in this study through both direct and indirect 

adjustment. Nevertheless some limitations related to using administrative health data, such as 

the lack of information on important variables that may confound the observed associations. 

For instance, we did not have details of radiation doses and specific types of 

chemotherapeutic agents used for cancer treatments and thus were unable to evaluate 

radiation field location or specific chemotherapy exposures. Nevertheless, prospective studies 

with detailed treatment information might be able to obtain comprehensive data about 

pregnancy, delivery, and infant outcomes as case cohorts mature and enter their reproductive 

years. This would allow closer examination of the maternal and pregnancy characteristics we 

evaluated. Another potentially important confounder is the disease stage at diagnosis. We also 

did not have information about treatments used for cancer relapse, and therefore some 
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misclassification of treatment categories is likely. However, given that all of the modalities 

evaluated are used for recurrent disease, it is difficult to predict the direction of bias 

introduced by such misclassification. 

7.7 Conclusion 

Exposure to radiotherapy during CRC treatment was independently associated with adverse 

outcomes. A marginal association between CRC chemotherapy and adverse maternal 

outcomes was also noted. The site of surgery was also associated with worse outcome, with 

women undergoing rectal surgery having an increased risk of adverse outcomes compared to 

those who underwent colonic resections. Treatment by open procedure conferred substantial 

risk increment of adverse outcomes compared with treatment by laparoscopic procedure.  

The results of our study indicate that women diagnosed and/or treated for CRC may 

experience adverse complication that requires closer surveillance. However, more research is 

still needed to better delineate the extent to which the various surgical procedures used to 

treat CRC influences subsequent obstetric outcomes in this patient population.   
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TABLES  
Table 7.1: Characteristics of women with and without previous colorectal cancer  

 No cancer history 
n (%) 

CRC - Laparoscopy 
n (%) 

CRC - Open surgery 
n (%) 

p 

 Total 2320 79 153  

Age, years 

< 30 
    30-39 
> 40 

 
 

1508 (65) 
   766 (33) 
      46  (2) 

 
 

44 (56) 
32 (40) 
  3  (4) 

 
 

89 (58) 
55 (36) 
   9  (6) 

¶ 

Socioeconomic status 

Low 
Medium 
High 

 
 

742 (32) 
812 (35) 
766 (33) 

 
 

17 (22) 
28 (36) 
33 (42) 

 
 

44 (29) 
70 (46) 
38(25) 

¶ 

Residential area 

Remote/regional area 
Urban area 

 
 

  209   (9) 
2111 (91) 

 
 

   3  (4) 
76 (96) 

 
 

  38 (25) 
115(75) 

¶ 

Insurance status 

Private 
Public    

 
 

626 (27) 
1694 (73) 

 
 

42 (53) 
37 (47) 

 
 

75 (49) 
78 (51) 

¶ 

Smoked during pregnancy  

Smoker 
Non-smoker 
Unknown/not stated 

 
 

348 (15) 
1438 (62) 
534 (23) 

 
 

10 (13) 
55 (69) 
14 (18) 

 
 

17 (11) 
95 (62) 
41 (27) 

 

Charlson Co-morbidity  
Index  
        0 

1-2 
> 3 

 
 

1345 (58) 
905 (39) 
70   (3) 

 
 

43 (55) 
33 (41) 

3 (4) 

 
 

63 (41) 
81 (53) 

9  (6) 

¶ 

Maternal parity 

   Para 1  
   Para 2 -4  
   Para 5 or more  

 
 

743 (32) 
1299 (56) 
278 (12) 

 
 

35 (44) 
40 (51) 
  4   (5) 

 
 

72 (47) 
75 (49) 

6 (4) 

¶ 

Obstetric complications † 

    No  
    Yes 

 
 

1508 (65) 
812 (35) 

 
 

34 (44)  
45(57) 

 
 

55 (36)  
98 (64) 

¶ 

¶ Significant difference between at least two of the groups (p-value ≤ 0.05) 
†Crude obstetric complication defined as at least one pregnancy, labor and delivery or neonatal adverse outcome 
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Table 7.2: Characteristics of women with colorectal cancer and their cancers, by cancer surgery 
type 

 CRC - Laparoscopy 
n (%) 

CRC - Open surgery 
n (%) 

p 

Total  79 153  

Age at cancer diagnosis  

< 29  
30-39 
> 40 

 
 

9 (11) 
51 (65) 
19 (24) 

 
 

12 (  8) 
84 (55) 
57 (37) 

¶ 

Time period of diagnosis  

1982-1988 
1989-1995 
1996-2001 
2002-2007 

 
 

0  (0) 
6 (8) 

21 (26) 
52 (66) 

 
 

68 (44) 
38 (25) 
21 (14) 
26 (17) 

¶ 

Surgical procedure site 

Colon 
Rectum 

 
 

55(69) 
24 (31) 

 
 

89 (58)  
64 (42) 

¶ 

Histological type 

Adenocarcinoma 
Squamous cell carcinoma 
Other 

 
 

55 (67) 
   5 (  6) 
21 (27) 

 
 

96 (63) 
14 (  9) 
43 (28) 

 

Chemotherapy 

No 
Yes 

 
 

58 (74) 
21 (26) 

 
 

99 (65) 
54 (35) 

¶ 

Radiation therapy 

No  
Yes 

 
 

57(72) 
 22 (28) 

 
 

104 (68) 
49 (32)  

¶ 

¶ Significant difference between the groups (p-value ≤ 0.05) 
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Table 7.3: Treatment-related independent predictors of adverse obstetric outcomes in women 
with colorectal cancer history compared with women without cancer 

 

¶ Significant difference between the groups (p-value ≤ 0.05) 

The final models were adjusted for: calendar year of cancer diagnosis, maternal age, ethnicity, socioeconomic status, health 
insurance status, Charlson index, diabetes, hypertension, previous abdominal surgery (not including CRC surgery), type of 
adjuvant cancer treatment (excluded when modeled as event), type of surgical procedure (excluded when modeled as event), 
parity, previous cesarean delivery, fertility treatment, maternal smoking during pregnancy, calendar year of delivery, procedures 
and treatments during pregnancy, labor complications analgesia during labor, length of labor, onset of labor (spontaneous versus 
induced) , infant birth weight, and length of postpartum hospital stay 
a Event modelled: Exposure to radiation therapy (versus none) 
b Event modelled: Administration of chemotherapeutic agent (versus none) 
c Event modelled: Rectal resections (versus colon resections) 
c Event modelled: Open procedure (versus laparoscopic procedure) 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Adjusted Odds Ratio,  AOR (95% CI) 

Predictor  Adverse pregnancy, 
delivery and labor 

outcomes 

Adverse neonatal 
outcomes 

Radiation Therapy a   4.24 (2.19-8.23) ¶ 2.81 (1.09-7.25) ¶ 

Chemotherapy b 1.11 (1.00-1.23) ¶  0.98 (0.34-2.57) 

Surgical procedure site c 3.73 (1.36-10.26)¶ 2.73 (1.30-5.72) ¶ 

Surgical procedure typed 1.54 (1.30-1.83)  ¶ 1.29 (1.10-1.53) ¶ 
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Table 7.4: Comparison of maternal outcomes between women with and without colorectal 
cancer history, by procedure type 

¥ Results of logistic regression analysis. All co-variates were included in each model initially, then removed by backward 
reduction strategy if statistically non-significant.  

‡ The final models were adjusted for: calendar year of cancer diagnosis, maternal age, ethnicity, socioeconomic status, health 
insurance status, Charlson index, diabetes, hypertension, previous abdominal surgery (not including CRC surgery), type of cancer 
surgical procedure, type of adjuvant cancer treatment, parity, previous cesarean delivery, fertility treatment, maternal smoking 
during pregnancy, calendar year of delivery, procedures and treatments during pregnancy, labor complications analgesia during 
labor, obstetric and neonatal complications (excluded when modelled as event,)length of labor, onset of labor (spontaneous 
versus induced), infant birth weight, and length of postpartum hospital stay  

¶ Significant difference between the groups (p-value ≤ 0.05) 
a Event modelled: Antepartum haemorrhage (none) 
b Event modelled: Postpartum haemorrhage>500mL (versus <500mL) 
 

 

 

 

 

 

 

 

 

 

 

 

 

Adverse outcomes  No cancer  
AOR¥‡ 

CRC-Laparoscopy 
v. No cancer 

AOR (95% CI) 

CRC-Open surgery 
v. No cancer 

AOR (95% CI) 

Gastrointestinal obstruction 1.00 1.13 (0.97–1.32) 1.17 (1.08–1.27) ¶ 

Spontaneous abortion 1.00 0.94 (0.81–1.09) 1.26 (1.04–1.52) ¶ 

Antepartum haemorrhage a 1.00 1.25 (1.19–1.36) ¶ 2.13 (1.97–3.32) ¶ 

Postpartum haemorrhage 1.00 1.61 (1.46–1.77) ¶ 3.31 (2.78–3.93) ¶ 

Cesarean delivery 1.00 2.42 (1.94–3.15)¶ 4.24 (1.32–13.6) ¶ 

Postpartum hospital stay >5 
days 

1.00 1.84 (0.45–7.32) 3.11 (1.42–7.73)¶ 
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Table 7.5: Comparison of neonatal outcomes between women with and without colorectal 
cancer history, by procedure type 

‡  The final models were adjusted for: calendar year of cancer diagnosis, maternal age, ethnicity, socioeconomic status, health 
insurance status, Charlson index, diabetes, hypertension, previous abdominal surgery (not including CRC surgery), type of cancer 
surgical procedure, type of adjuvant cancer treatment, parity, previous cesarean delivery, fertility treatment, maternal smoking 
during pregnancy, calendar year of delivery, procedures and treatments during pregnancy, labor complications analgesia during 
labor, obstetric and neonatal complications (excluded when modelled as event,)length of labor, onset of labor (spontaneous 
versus induced), infant birth weight, and length of postpartum hospital stay  

¶ Significant difference between the groups (p-value ≤ 0.05) 

aEvent modelled: Apgar score at 1 minute = 0-6 (versus >6) 
b Event modelled: Needing oxygen therapy, medication, bag and mask, endotracheal intubation, external cardiac massage or 
ventilation (versus none or suction only) 
c Event modelled: Needing special care (versus none) 
 
 
 
 
 

Adverse outcomes  No cancer  
AOR ‡ 

CRC-Laparoscopy 
v.  No cancer 

AOR (95% CI) 

CRC-Open surgery 
v. No cancer 

AOR (95% CI) 

Low Apgar score at 1 min a 1.00 1.32 (1.26–1.39) ¶ 2.64 (1.57–4.63)¶ 

Resuscitation b 1.00 1.49 (1.41–1.58) ¶ 3.20 (2.90–3.55) ¶ 

Admission to special care c 1.00 1.42 (1.28–1.64) ¶ 2.87 (1.72–3.05) ¶ 

Intrauterine death 1.00 1.85 (0.73–5.80) 1.09 (0.55–2.17) 

Neonatal death 1.00 1.98 (0.87–9.11) 1.65 (0.15–4.93) 



 

 

120 

Chapter 8. DISCUSSION  

8.1 Preamble 

This chapter presents a synthesis of the results from all studies presented in the thesis as well 

as study limitations and strengths and the clinical implications and recommendations for 

future directions as a result of the new knowledge gained from this research.  

8.2 Principal findings  

The existing literature clearly shows that improvements in modern treatments and diagnosis 

have led to reductions in mortality attributed to many neoplasms, including those that 

commonly occur among AYAs (2).  Unfortunately, incidence is still increasing for some 

cancers that commonly occur among AYAs and the decline in mortality has lagged for certain 

cancers in this age range.  

Incidence and mortality (Chapter 4) 

The overall annual incidence for all cancers combined increased significantly in males from 

1982 until 2000 (APC = 1.5%) and then plateaued; whilst rates for females remained stable 

(APC = -0.1%) across this period. For males, significant incidence increases were observed 

specifically for a number of diagnostic groups, such as germ cell tumours, lymphoblastic 

leukaemia and thyroid cancer. Whilst among females, the incidence of Hodgkin’s lymphoma, 

colorectal and breast cancers increased. Significant incidence reductions were noted for 

cervical, central nervous system and lung cancers. Cancer mortality for all cancers combined 

decreased significantly from 1982 to 2005 for both males (APC = -2.6%) and females (APC = -

4.6%). The decline in overall mortality was driven mainly by decreases in the rates of 

melanoma and colorectal cancer both males and females; cervical cancer and breast cancer in 

females; and gonadal germ cell tumours in males.  

Survival and excess death (Chapter 5) 

A cancer diagnosis in adolescence and young adulthood, generally, leads to lower survival 

compared with the general AYA population.  Overall, survival outcomes among AYAs 

improved over time (HR, latest (2000-2004) versus earliest (1982-1986) diagnostic period: 

0.52, trend p<0.0001). Relative survival varied significantly according to AYA age subgroup 

(HR, oldest (30-39 years) versus youngest (15-19 years): 1.38, trend p<0.0001), sex (HR, 

female versus male: 0.66, CI 0.62-0.71), ethnicity (HR, Aboriginal versus others: 1.47, CI 1.23-



 

 

121 

1.76), geographical area (HR, rural/remote versus urban residence: 1.13, CI 1.04-1.23) and 

residential socioeconomic status (HR, lowest versus highest quartile: 1.14, trend p<0.05). 

Tumour subgroups differed substantially in frequency according to age group and sex, and 

were critical outcome determinants of excess deaths. The increased survival for most cancer 

types in this age group is reflected by the large gap between incidence and mortality rates. 

Overall 5-year RSR for AYAs diagnosed with cancer was 84% in males and 86% in females. 

The biggest gains in survival were for NHL, leukaemia, germ-cell tumours (testicular cancer) 

and melanoma and carcinoma (e.g., breast and colorectal cancer, cervical carcinomas).  

Adverse reproductive outcomes (Chapter 6 and 7) 

Overall, female survivors had a moderately increased risk of a number of obstetric 

complications compared to females with no history of cancer. Their offspring had a higher risk 

of few adverse items including, preterm birth and LBW, and measures of neonatal distress 

compared to the offspring of females without a cancer diagnosis. Female survivors had double 

the ARR of non-cancer females for a number of obstetric complications, including threatened 

abortion, gestational diabetes, post-partum haemorrhage, Caesarean delivery and maternal 

postpartum hospitalization >5 days but no excess risk of threatened preterm delivery, 

antepartum haemorrhage, premature rupture of membranes, failure of labour to progress or 

retained placenta. Their offspring had an elevated risk of premature birth (<37 weeks, LBW, 

foetal growth restriction and neonatal deaths. Congenital abnormalities and perinatal deaths 

were not increased among offspring of survivors compared to the non-cancer cohort.  

A sub-analysis of pregnancy outcomes following CRC in chapter seven reports results that 

suggested an increased likelihood of adverse maternal and neonatal outcomes, among these 

individuals in comparison with those having no cancer history.  The sub-study found a 

diagnosis of CRC was associated with a higher incidence of pregnancy and labour 

complications, including Caesarean delivery and greater use of fertility treatments compared 

with women with no history of CRC diagnosis. There was a significantly higher proportion of 

caesarean delivery among women who had previous open surgery compared with those 

women who had laparoscopic-assisted surgery. No significant differences were noted 

between the groups regarding pregnancy complications such as placental abruption, placenta 

previa, labour dystocia, or perinatal complications (such as meconium-stained amniotic fluid, 

perinatal mortality, congenital malformations and low Apgar scores at 1 and 5 minutes). 
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8.3 Implications and recommendations   

Targeting modifiable behaviours  

Further investigations are required to build upon the finding presented in the thesis, 

including the reasons for increases in the burden of diseases in the AYA population and 

differential risk factors, particularly reasons for increases in incidence of certain sub-groups 

of cancers. Although our knowledge of the risk factors for cancer in AYAs is limited, possible 

areas of improvements include focus on preventing modifiable risk factors that typically start 

or intensify during this stage of development and that can affect current cancer risk, as well as 

cancer risk later in life. Such modifiable behavioural risk factors include tobacco, alcohol, 

excess sun exposure and some sexually transmitted diseases [234]. Previous research has 

suggested that non-epithelial cancer such as those prevalent among AYAs are more likely to 

be related to viral infection, radiation exposure, genetic predisposition and chemical 

carcinogens in the environment [89]. In contrast, epithelial cancer is more likely to be related 

to tobacco or alcohol abuse, diet and physical inactivity, all of which have an effect over many 

years [89]. Pap smear testing is the only example of organized screening for AYAs, for whom 

few other cancer-screening options currently exist Among the few known or strongly 

suspected risk factors for cancer in AYAs, congenital anomalies (e.g., undescended testicle) or 

a family history of cancer appears to be associated with a risk for certain cancers (e.g., testis, 

breast, colorectal)[6]. Exposure to infectious agents such as human papillomavirus and 

Epstein–Barr virus may increase the risk for other diseases such as cervical cancer, Kaposi 

sarcoma, and Hodgkin and non-Hodgkin lymphoma. The International Agency for Research on 

Cancer has recently classified exposure to ultraviolet radiation through the use of tanning 

beds and sunlamps as carcinogenic [235, 236] a risk factor for melanoma that may be 

especially relevant for young people.  

Overcoming socio-geographic factors  

Cancers in AYAs may not be detected until later in their course, because young people who 

experience symptoms may delay seeking medical help or may not have access to routine 

medical care that could allow prompt detection of disease. Physicians may also be less 

familiar with the signs and symptoms of cancer in AYAs. Although, no direct evidence to 

suggest that late diagnosis has led to worse prognosis was found in the current studies, it was 

noted that certain segments of the AYA population were at a greater risk of excess mortality. 

These risk factors included living in rural and remote areas, which likely reflects restricted 
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access to optimal care and low density of health care in rural and remote Australia. It has also 

been demonstrated that AYAs living in socio-economically disadvantaged groups, regardless 

of area of residence had a higher excess mortality. These measured effects of SES on survival 

may be a proxy for differences in health awareness and behaviours and/or access to health 

services [237], resulting in delayed presentations and thereby diagnoses at more advanced 

stages of disease. Accordingly, individuals with the highest SES have better access to private 

healthcare insurance [147]. AYAs have comparatively low levels of health insurance coverage 

[1, 11]., with lack of private insurance shown to be associated with worse survival for 

carcinomas (breast, colorectal) that commonly occur in AYAs [238, 239] The current research 

also revealed that young Aborigines diagnosed with cancer experienced worse survival 

outcomes compared with non-Aboriginal AYAs. Notably, Aboriginal AYAs diagnosed with 

germ cell tumours experienced nearly seven-times greater mortality compared with non-

Aboriginal AYAs. Although, there is risk of important residual confounding by location due to 

our stratified analysis of locational disadvantage (urban vs. rural & remote), the difference in 

survival by Aboriginality persisted after adjustment for area-based SES and locational 

disadvantage. This would suggest the possibility of important biological or other unknown 

factors that contribute to worse survival in Aboriginal males.  

Identifying biologic and healthcare factors  

In addition to within group risk factors, it is increasingly being recognised that cancers in 

AYAs may have biologically distinct behaviours from other age-groups. In fact, the same 

cancers in different age groups may respond differently to treatment.  For example, cancers 

common in adolescents such as acute myeloid leukaemia, acute lymphoblastic leukaemia, 

rhabdomyosarcoma and Ewing sarcoma are associated with lower survival for adolescents 

than for children under 15 years of age [240] The biology of the cancer and the patient’s 

tolerance for chemotherapy may change unfavourably in late adolescence and young 

adulthood relative to childhood, which affects both the ability to deliver effective therapy and 

the likelihood of a successful outcome [6]. The relative rarity of cancers in AYAs also means 

that patients tend to be treated in many different centres. Consequently, few institutions 

develop the required expertise, infrastructure or clinical trial opportunities for good 

management of young cancer patients, as indicated by evidence of better survival among 

AYAs at health care centres where these factors are more readily available. The 

multidisciplinary expertise concentrated at specialized centres can include experienced 

surgeons, radiation oncologists and medical oncologists, as well as supportive care teams 
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involving social workers, psychologists, education officers, physiotherapists and occupational 

therapists. In western countries, including Australia, the majority of paediatric tertiary care 

centres have age limits are between 16 and 18 years for inpatient admission. These centres 

typically offer supportive care focused on the family, as well as long-term follow-up and 

transitioning programs to adult health care. However, they have little experience in the 

management of the cancers that are found more commonly in AYAs. For older adolescent 

patients who are treated in paediatric centres, the transition from paediatric to adult care 

settings must involve collaboration between the patient, his or her family in some cases, and 

health care providers to create an individualized care plan [241]. The paediatric care setting 

does, however, offer several benefits, such as greater access to clinical trials, peer support and 

more intensive treatment. Management in paediatric settings often consists of combined-

modality approaches incorporating multiagent chemotherapy, high-dose radiotherapy and 

aggressive surgery, which AYAs are likely better able to tolerate relative to older adults. 

However, the majority of older Australian AYAs currently do not benefit from this strategy 

because they are treated in adult facilities. 

Conducting oncologic trials 

For some malignant diseases, participation in a clinical trial is often associated with improved 

survival among children under the age of 15 years [242]. Participation in a trial under the care 

of an oncology specialist likely confers a stricter discipline to the treatment protocol by both 

physician and patient, as well as better adherence to drug dosages and schedules.  However, 

participation in such trials by AYA cancer patients is still low [59]. Moreover, there is a 

paucity of suitable trials for the forms of cancer that commonly occur in AYAs, and adequate 

sample sizes must be accrued to achieve statistical power. In addition, AYAs may be less 

inclined to participate in a clinical trial, even if such an opportunity is offered. Clinicians and 

patients may not be aware of opportunities for clinical trials, and clinicians may view AYAs as 

likely to be  less compliant with protocol requirements [243]. The age eligibility restrictions of 

certain hospitals exclude some AYAs [244]. Finally, few AYAs are treated in cooperative 

treatment settings, where more clinical trials are typically available. 

Reducing adverse long-term reproductive effects  

Quality of life and the late effects of cancer treatment have become increasingly important as 

the prevalence of cancers among AYAs continues to increase. Furthermore, as women 

increasingly opt to defer their childbearing, elucidating the potential risks of adverse 
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pregnancy outcomes following cancer diagnosis has become important. . Unfortunately, such 

efforts require that primary care physicians to have knowledge of, and expertise in, specific 

cancer treatments. Infertility and treatment related adverse obstetric and neonatal outcomes 

are just two examples of medical needs that physicians may encounter when they are 

managing young cancer survivors [244]. Based on the results in this thesis and recent studies, 

there is little doubt that AYA cancer survivors would benefit from improved long-term 

surveillance given the number of potential late sequelae of cancer diagnosis and treatment on 

reproductive health. Using the results from chapter 6 and 7 of this thesis clinicians may 

further identify women who are particularly at risk of developing certain adverse 

reproductive outcomes. Potential interventions to decrease the obstetric and perinatal 

complications associated with the late effects need to include scientifically valid evidence-

based recommendations for clinical follow-up of survivors. Effective counselling of AYA 

cancer survivors and development of intervention strategies demand a clear understanding of 

the potential long-term impact of cancer diagnosis and therapy, and identification of high-risk 

individuals in this population.  Importantly, if possible the patient should be offered an option 

for fertility preservation before cancer treatment commences. A number of fertility 

preservation techniques exist, including oophoropexy and cryopreservation of 

sperm/oocytes, testicular/ovarian tissue, or embryos [47-49]. Recent guidelines from the 

American Society of Clinical Oncology recommend that interested and appropriate patients be 

referred to reproductive specialists as soon as possible following their diagnosis of cancer 

[46]. Unfortunately, there are some challenges regarding the harvesting and storage of 

gametes for women, although this is a developing area. Technological advances in 

cryopreservation are occurring and it is possible to remove and preserve ovarian tissue 

before cancer treatment is carried out. However, there are as yet unresolved ethical and moral 

issues, as well as implications of cost.  As more information is gained about fertility outcomes 

that relate specifically to AYA cancer survivors and individuals are offered a multi-disciplinary 

approach to the diagnosis, treatment, and long-term follow-up of their cancer, the goal of cure 

can be achieved while maintaining fertility and reproductive health and ensure the health of 

any subsequent offspring.  

Knowledge of the late effects associated with cancer and its treatment on adolescent 

reproductive health continues to increase through ongoing research efforts.  However, there 

is still a comparative paucity of AYA specific studies and those available mostly report only 

the short-term outcomes.  Also, much of the available information relates to outcomes within 
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the first decade following treatment and little is known about what latent effects of cancer and 

its treatment may occur in cancer survivors and their subsequent offspring.  Long-term 

follow-up is crucial because outcomes may vary depending on the time between cancer 

diagnosis and pregnancy. An attempt should also be made to overcome common 

methodological flaws such as the huge variability in length of time since diagnosis, lack of 

information regarding patients regarding disease stage and treatment. 

Achieving greater access to fertility preservation for young people with cancer will require a 

multi-pronged approach.  This will include incorporation of oncofertility in curricula of 

training programs for oncologists and allied health professionals in oncology.  Not least, there 

needs to be a concerted effort to address the high costs of fertility preservation by a 

consortium of stakeholders – cancer survivors and their advocates, philanthropic 

organizations, relevant members of the insurance industry, cancer agencies and 

ministries/departments of health. 

8.4 Strengths and limitations 

The limitations of each study in this thesis have been discussed in their relevant chapters.  In 

this section the limitation and strengths of this thesis as a whole are briefly discussed.  

The major strength of this work was its whole-of-population design encompassing a relatively 

stable and isolated population in WA (population 2.3 million) which is representative of the 

rest of Australia; it is closest to the average of the eight Australian states and territories with 

respect to: median age; distribution of sex, people living in remote areas, income, per capita 

health expenditure and hospital bed supply (61). The thesis used routinely-collected data for 

the entire population of Western Australia, which provided a large sample size and minimized 

incomplete case ascertainment and loss to follow-up. The bias that can occur with these types 

of studies was minimised through a number of strategies, including the use of multiple 

imputation instead of simply excluding study participants with missing data. Also, this 

approach minimises recall and social desirability bias, which may be an issue for this work 

given the study population, long study period and some sensitive outcomes investigated. As 

with any observational study, the effect of confounding by other variables that were not 

considered, or for which administrative data were not available, cannot be discounted. 

However, challenges still exist, particularly in the interpretation of results for rare cancers 

and therefore care must be exercised in interpreting the results for these cancers. 
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Another strength of this study is reflected in its use of routinely-collected cancer, birth and 

hospital administrative health data.  Notifications of all malignancies, including in situ and 

malignant neoplasms and excluding Merkel Cell carcinomas, have been a statutory 

requirement since 1981 in WA. It is also a legislative requirement in WA that MNS records of 

all births of at least 20-week gestation and the HMDC records information on all hospital 

admissions and separations. As a result, the data contain a near complete record of these 

events in the State. Active data follow−up of all patients was performed by the WADLS 

through linkage of the Cancer Registry, the Mortality Register, and the HMDC. Information 

from the registries included important confounders and well-established risk factors for 

adverse obstetric outcomes such as smoking and gestational risks factors (e.g. diabetes and 

pre-eclampsia).  Still, it is worth noting that there are inevitable caveats on interpretation of 

findings from administrative health data that may confound the observed associations, 

particularly as the routinely collected data in this study lacked certain important clinical 

details, such as cancer stage and therapies details, such as radiation dose and field location or 

specific chemotherapeutic agents and information about treatments used for cancer relapse, 

and therefore some misclassification of treatment categories is likely. Furthermore, survivors 

included in this investigation were treated between 1982 and 2007 and hence, less is known 

about the potential adverse effects of more recent therapies which are believed to be much 

more aggressive than earlier therapies. Survivors treated more recently are still relatively 

young and the number of offspring born to these survivors will be relatively small.  
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Chapter 9. CONCLUSION 

In summary, this thesis has presented data representing a comprehensive longitudinal 

analysis of cancer incidence and mortality among AYAs in WA. Mortality from cancer showed 

persistent downward trends among young men and women in the last 10 years of the study. 

Favourable trends were observed in mortality, particularly among AYAs diagnosed with 

testicular cancer, HL, leukaemia and other neoplasms amenable to treatment. This might also 

reflect major trends in the risk factors and preventive interventions. Notwithstanding these 

major improvements, incidence continues to rise for certain cancer types such as ALL, HL, and 

breast, colorectal, testicular and thyroid cancers. Thus, further research into the aetiology of 

the distinctive spectrum of cancers affecting AYAs and more widespread adoption of 

screening and early diagnosis should become key priorities for cancer control among AYAs. 

Survival of AYAs diagnosed with cancer has generally increased over time. Despite favourable 

survival prognoses for some AYAs, there remains considerable disparity between 

demographic categories of AYA cancer patients and substantial variation in the outcomes 

from different types of cancer in this population. Survival differentials identified in this study 

and in particular for testicular germ cell tumours should be investigated in greater depth to 

detect possible goals for improvement of cancer survival as well as access to care for diverse 

AYA populations.   The data indicate that AYA cancer survivors who have an excess risk of 

threatened abortions, Cesarean delivery, preeclampsia, diabetes and their offspring have a 

moderately elevated risk of preterm birth and LBW. Findings also suggest an adverse 

association between older age at diagnosis, certain cancer diagnoses and therapies, namely 

radiation therapy and cancer in the abdominal-pelvic region. Although their infants may be 

more likely to be preterm or of LBW, no increases in congenital malformations, or neonatal 

death were observed and no altered male to female sex ratio that might indicate increased 

germ cell mutagenicity existed. These results could potentially contribute to determining 

service needs for AYA cancer survivors, and to identify target groups within this population 

who have specific healthcare and long-term follow-up requirements.  
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Appendix III: AYA Site Recode 

The adapted classification scheme for tumours of adolescents and young adults (AYA) is based on the classification scheme proposed by RD Barr 
and colleagues 1. The SEER AYA site recode variable was updated from the original ICD-O-2 based classification scheme using ICD-O-3 definitions 
for cancer morphology and topography.  

The SEER AYA site recode was developed to better define the major cancer sites that affect individuals between 15 and 39 years of age. It is 
intended to facilitate the reporting of cancer incidence rates and trends. The SEER Cancer Statistics Review presents data by SEER AYA site 
recode groupings in Section 32, and the variable was added to the SEER databases as a convenience for researchers. 

Site Group 
ICD-O-3 

Behaviour 
Recode 

Primary Site ICD-O-3 Histology Recode 

1. Leukemias 

1.1.  Acute lymphoid leukemia 3 C000-C809 9826, 9835-9836 01 

3 C420-C421, C424 9811-9818, 9837 01 

1.2. Acute myeloid leukemia 3 C000-C809 9840, 9861, 9865-9867, 9869, 9871-9874, 
9891, 9895-9898, 9910-9911, 9920 

02 

1.3. Chronic myeloid leukemia 3 C000-C809 9863, 9875-9876, 9945-9946 03 

1.4. Other and unspecified leukemia 3 C000-C809 9742, 9800-9801, 9805-9809, 9820, 9831-
9834, 9860, 9870, 9930-9931, 9940, 9948, 
9963-9964 

04 

3 C420-C421, C424 9823, 9827 04 

2. Lymphomas 

2.1. Non-Hodgkin lymphoma 3 C000-C809 9590-9591, 9596-9597, 9670-9671, 9673, 
9675, 9678-9680, 9684, 9687-9691, 9695, 
9698-9702, 9705, 9708-9709, 9712, 9714, 
9716-9719, 9725-9729, 9735, 9737-9738 

05 

3 C000-C419, C422-C423, 9811-9818, 9823, 9827, 9837 05 
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Site Group 
ICD-O-3 

Behaviour 
Recode 

Primary Site ICD-O-3 Histology Recode 

C425-C809 

2.2. Hodgkin lymphoma 3 C000-C809 9650-9655, 9659, 9661-9665, 9667 06 

3. CNS and Other Intracranial and Intraspinal Neoplasms (all behaviours) 

3.1. Astrocytoma         

3.1.1. Specified low-grade astrocytic tumours 0, 1, 3 C723 9380 07 

0, 1, 3 C000-C809 9410-9411, 9420-9421, 9424 07 

3.1.2. Glioblastoma and anaplastic 
astrocytoma 

0, 1, 3 C000-C809 9401, 9440-9442 08 

3.1.3. Astrocytoma, NOS 0, 1, 3 C000-C809 9400 09 

3.2. Other glioma 0, 1, 3 C000-C722, C724-C809 9380 10 

0, 1, 3 C000-C809 9381-9384, 9423, 9430, 9450-9451, 9460 10 

3.3. Ependymoma 0, 1, 3 C000-C809 9391-9394 11 

3.4. Medulloblastoma and other PNET         

3.4.1. Medulloblastoma 0, 1, 3 C716 9470-9474 12 

3.4.2. Supratentorial PNET 0, 1, 3 C000-C715, C717-C809 9470-9474 13 

3.5. Other specified intracranial and intraspinal 
neoplasms 

0, 1, 3 C000-C699, C730-C750, 
C754-C809 

9350-9351, 9360-9362, 9390, 9480, 9530-
9535, 9537-9539, 9541, 9550, 9562, 9570 

14 

0, 1, 3 C700-C729, C751-C753 9161, 9361-9362, 9390, 9530-9531, 9535, 
9538, 9540, 9560, 9571 

14 

0, 1, 3 C700 9532, 9534, 9537, 9539 14 

0, 1, 3 C753 9360 14 
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Site Group 
ICD-O-3 

Behaviour 
Recode 

Primary Site ICD-O-3 Histology Recode 

0, 1, 3 C711 9480, 9539 14 

0, 1, 3 C713 9480, 9533 14 

0, 1, 3 C719 9350 14 

0, 1, 3 C714, C717 9480 14 

0, 1, 3 C709 9539 14 

3.6. Unspecified intracranial and intraspinal 
neoplasms 

        

3.6.1. Unspecified malignant intracranial and 
intraspinal neoplasms 

3 C700-C729, C751-C753 8000-8005 15 

3.6.2. Unspec. ben/border intracran. and 
intraspin. Neo. 

0, 1 C700-C729, C751-C753 8000-8005 16 

4. Osseous & Chondromatous Neoplasms 

4.1. Osteosarcoma 3 C000-C809 9180-9187, 9192-9194 17 

4.2. Chondrosarcoma 3 C000-C809 9220-9221, 9230-9231, 9240, 9242-9243 18 

4.3. Ewing tumour 3 C000-C809 9260, 9364-9365 19 

4.4. Other specified and unspecified bone tumors 3 C000-C809 8812, 9250, 9261, 9370-9372 20 

3 C400-C419 8000-8005, 8800-8803, 8805-8806, 9200 20 

5. Soft Tissue Sarcomas 

5.1. Fibromatous neoplasms 3 C000-C809 8810-8811, 8813-8815, 8820-8824, 8830, 
8832-8833, 8835-8836, 9252 

21 

5.2. Rhabdomyosarcoma 3 C000-C809 8900-8904, 8910, 8912, 8920-8921, 8991 22 
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Site Group 
ICD-O-3 

Behaviour 
Recode 

Primary Site ICD-O-3 Histology Recode 

5.3. Other soft tissue sarcoma         

5.3.1. Specified soft tissue sarcoma         

5.3.1.1. Specified (excluding Kaposi 
sarcoma) 

3 C000-C809 8804, 8825, 8840-8897, 8982-8983, 8990, 
9040-9044, 9120-9139, 9141-9150, 9170, 
9251, 9561, 9580-9581 

23 

3 C000-C699, C730-C750, 
C754-C809 

9540, 9560, 9571 23 

5.3.1.2. Kaposi sarcoma 3 C000-C809 9140 24 

5.3.2.  Unspecified soft tissue sarcoma 3 C000-C399, C420-C809 8800-8803, 8805-8806 25 

6. Germ Cell and Trophoblastic Neoplasms 

6.1. Germ cell and trophoblastic neoplasms of 
gonads 

3 C569, C620-C629 9060-9065, 9070-9073, 9080-9085, 9090-9091, 
9100-9102, 9105 

26 

6.2. Germ cell and trophoblastic neoplasms of 
nongonadal sites 

        

6.2.1. Intracranial (all behaviours) 0, 1, 3 C700-C729, C751-C753 9060-9065, 9070-9073, 9080-9085, 9090-9091, 
9100-9102, 9105 

27 

6.2.2. Other nongonadal 3 C000-C568, C570-C619, 
C630-C699, C730-C750, 
C754-C809 

9060-9065, 9070-9073, 9080-9085, 9090-9091, 
9100-9102, 9104-9105 

28 

7. Melanoma and Skin Carcinomas 

7.1. Melanoma 3 C000-C809 8720-8723, 8726, 8728, 8730, 8740-8746, 
8761, 8770-8774, 8780 

29 

7.2. Skin carcinomas 3 C440-C449 8010-8589 30 
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Site Group 
ICD-O-3 

Behaviour 
Recode 

Primary Site ICD-O-3 Histology Recode 

8. Carcinomas 

8.1.  Thyroid carcinoma 3 C739 8010-8589 31 

8.2. Other carcinoma of head and neck         

8.2.1. Nasopharyngeal carcinoma 3 C110-C119 8010-8589 32 

8.2.2. Other sites in lip, oral cavity and 
pharynx 

3 C000-C109, C120-C148 8010-8589 33 

8.2.3. Nasal cav, mid ear, sinuses, larynx, oth 
ill-def head/neck 

3 C300-C329, C760 8010-8589 34 

8.3. Carcinoma of trachea, bronchus, and lung 3 C330-C349 8010-8589 35 

8.4. Carcinoma of breast 3 C500-C509 8010-8589 36 

8.5.  Carcinoma of genitourinary tract         

8.5.1. Carcinoma of kidney 3 C649 8010-8589 37 

8.5.2. Carcinoma of bladder 3 C670-C679 8010-8589 38 

8.5.3. Carcinoma of gonads 3 C569, C620-C629 8010-8589 39 

3 C000-C809 8590-8593 39 

8.5.4. Carcinoma of cervix and uterus 3 C530-C559 8010-8589 40 

8.5.5. Carc of other and ill-def sites, 
geniourinary tract 

3 C510-C529, C570-C579, 
C600-C619, C630-C639, 
C659, C669, C680-C689 

8010-8589 41 

8.6. Carcinoma of gastrointestinal tract         

8.6.1. Carcinoma of colon and rectum 3 C180-C218 8010-8589 42 
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Site Group 
ICD-O-3 

Behaviour 
Recode 

Primary Site ICD-O-3 Histology Recode 

8.6.2. Carcinoma of stomach 3 C160-C169 8010-8589 43 

8.6.3. Carcinoma of liver and intrahepatic bile 
ducts 

3 C220-C221 8010-8589 44 

8.6.4. Carcinoma of pancreas 3 C250-C259 8010-8589 45 

8.6.5. Carc other and ill-def sites, 
gastrointestinal tract 

3 C150-C159, C170-C179, 
C230-C249, C260-C269 

8010-8589 46 

8.7. Carcinoma of other and ill-def sites         

8.7.1. Adrenocortical carcinoma 3 C740-C749 8010-8589 47 

8.7.2. Carcinoma of other and ill-defined sites, 
NOS 

3 C149, C219, C222-C229, 
C270-C299, C350-C439, 
C450-C499, C561-C568, 
C580-C599, C640-C648, 
C650-C658, C660-C668, 
C690-C738, C750-C759, 
C761-C809 

8010-8589 48 

3 C809 9010 48 

9. Miscellaneous specified neoplasms, NOS 

9.1. Other paediatric and embryonal tumours, 
NOS 

        

9.1.1.  Wilms tumour 3 C000-C809 8959-8960 49 

9.1.2. Neuroblastoma 3 C000-C809 9490, 9500 50 

9.1.3. Other paediatric and embryonal 
tumours, NOS 

3 C000-C809 8963-8964, 8970-
8973, 8981, 9363, 
9501-9523 

51 



 

 

178 

Site Group 
ICD-O-3 

Behaviour 
Recode 

Primary Site ICD-O-3 Histology Recode 

9.2. Other specified and embryonal tumours, NOS         

9.2.1. Paraganglioma and glomus tumours 3 C000-C809 8680-8711 52 

9.2.2. Other specified gonadal tumours 3 C000-C809 8600-8650, 9000 53 

3 C569 8670, 9013-9015, 
9054 

53 

9.2.3. Myeloma, mast cell, misc. 
lymphoreticular neo., NOS 

3 C000-C809 9724, 9731-9734, 
9740-9741, 9743-
9764, 9766, 9769, 
9960, 9965-9967, 
9970-9971 

54 

9.2.4. Other specified neoplasms, NOS 3 C000-C809 8930-8951, 8980, 
9020, 9050-9053, 
9110, 9160, 9270-
9330, 9950, 9961-
9962, 9975, 9980, 
9982, 9989, 9991-
9992 

55 

3 C000-C699, C730-C750, 
C754-C809 

9161 55 

10. Unspecified Malignant Neoplasms 3 C000-C399, C420-C699, 
C730-C750, C754-C809 

8000-8005 56 

Unclassified       99 

1 Barr RD, Holowaty EJ, Birch JM. Classification Scheme for tumours diagnosed in adolescents and young adults. Cancer 2006;106(7):1425-30. 
* This table was updated for Hematopoietic codes based on WHO Classification of Tumours of Haematopoietic and Lymphoid Tissues (2008). 
^ Subject to change based on evolving ICD-O-3 coding rul 
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Appendix IV: Data variable list for the WACR
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Appendix V: Hospital inpatient summary form 
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Appendix VI: Data variable list for HMDC
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Appendix VII: Data variable list for the MNS
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Appendix VIII: Midwives notification form 
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Appendix IX: Death registry data list
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