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Abstract 

Adolescents and Young Adults (AYA) with cancer are young people developing serious illness when at 

the interface between the responsibilities of paediatric and adult cancer services.  Personally, they are in 

a period of transition both biologically and in major social roles[1].  For these and other reasons they 

present a unique set of clinical challenges in their management.  Over the last 20 years the need for 

specific services to address their needs has been identified and this has become a growing field of 

research.  Despite this survival rates still lag behind those of children and older adults with cancer[2]. 

Why do AYA patients have worse outcomes?  The observation is that the reason is multifactorial with 

path to diagnosis, unique cancer biology, uncertainty of treatment protocol, compliance issues and poor 

recruitment to clinical trials all playing a part.  In this review we will discuss the unique challenges faced 

by healthcare professionals when managing AYA patients who are commonly and accurately described 

;ゲ HWｷﾐｪ ｷﾐ ;ﾐ けｷﾐデWヴa;IWげ ヮﾗゲｷデｷﾗﾐく 

 

The Adolescent and Young Adult (AYA) population 

The age classification of adolescent and young adults (AYAs) encompasses different age groups 

depending on purpose.  Adolescence is defined to range from 10 to 19 years[3]. For the purpose of 

active treatment this increases to the mid 20s, up to 30 years for epidemiological studies and 40 years 

for clinical follow up[4].  In the UK we focus on teenagers (13-18 years) and young adults (19- 24 years) 

forming the Teenage and Young Adult (TYA) patient group.  Although some may find this lack of 

consensus unnerving, maintaining flexibility enables the needs of this patient population to be met more 

freely.  Thus reducing the risk that such patients fall into gaps between services, an outcome which AYA 

services are trying to avoid[5].  In this review the term AYA will encompass the age range 15-39 years as 

proposed by the National Cancer Institute and supported by ENCCA[6]. 

 

Epidemiology 

Cancer is the leading cause of disease-related death in people aged 15-24 years old and is exceeded only 

by cardiovascular disease in 25-39 year olds.  Throughout Europe it is the third most significant cause of 
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mortality in young people, behind road traffic injuries and suicide[3].  Globally the annual incidence of 

cancer in 15-39 year olds is estimated at one million, with approximately 66,000 cases in Europe per 

year[7].  Across North America and Western Europe the overall incidence of AYA cancers is slowing 

increasing.  The rates differ between cancer types and may be partially attributed to external factors, for 

example the increase in Thyroid cancer in North America may be due to evolving diagnostics.   

Projections in the UK are that rates will continue to rise particularly within germ cell tumours in men and 

carcinomas in females [8].   

The most commonly occurring cancers types in AYAs are; haematological malignancies (mostly 

HﾗSｪﾆｷﾐゲげゲ ;ﾐS ﾐﾗﾐ-HﾗSｪﾆｷﾐげゲ ﾉ┞ﾏヮｴﾗﾏ;ぶが I;ヴIｷﾐﾗﾏ;ゲ (notably breast, thyroid, melanoma and 

gynaecological) and germ cell tumours[7].  The distribution of cancer types across the AYA age group is 

demonstrated in Figure 1.  

The aetiology of AYA cancer remains relatively unknown and understudied.  Germline mutations 

account for less than 5% of cases in the AYA age group.  It has been considered that they are caused by a 

combination of congenital and prenatal factors, seen in childhood cancers and environmental cancers 

seen in adult cancers, although with different latencies[9].  Other causative factors may be attributable 

to puberty and the stage of life.  For example the incidence of osteosarcoma rises after puberty in long 

bone sites that undergo rapid growth at this time, the earlier onset of pubertal growth in females is also 

apparent [10]. 

Traditiﾗﾐ;ﾉﾉ┞ ゲ┌ヴ┗ｷ┗;ﾉ ヴ;デWゲ aﾗヴ AYAげゲ ｴ;┗W HWWﾐ ヮﾗﾗヴ ;ﾐS ｷﾏヮヴﾗ┗WﾏWﾐデゲ ｴ;┗W ﾉ;ｪｪWS HWｴｷﾐS デｴ;デ ﾗa 
paediatric oncology patients.  Analysing US SEER data Bleyer et al. showed that improvement in survival 

rates for patients aged 15-45years old was a fraction of that in children in older adults.  For those aged 

25-35 years there was no evidence of any improvement (figure 2).[11].   

An increased interest in the field of AYA oncology and the identification of the need to recognise this 

group of patients as a distinct cohort with their own unique needs has improved outcomes.  In their 

European study looking at survival of teenagers and young adult cancers Trama et al. showed 5 year 

relative survival for all cancers combined to have improved from 79% in 1999-2001 to 82% in 2005-

2007[12]. EUROCARE-5, a population-based cancer registry study, looked at the 5-year relative survival 

of AYA patients in comparison to childhood and adult cancers.  This showed that the overall five year 

survival for all cancers in AYA patients is now greater than 80% in high-income countries.  Survival rates 

however were still lower than in children for eight cancers: ALL, AML, HL, non-HL, astrocytomas, Ewing 

sarcoma and rhabdomyosarcoma[12].  AYAs survival rates for fibrosarcomas, soft tissue sarcoma and 

acute myeloid leukaemia remained stable.  

 

Cancer Biology 

AYA patients and their cancers both display specific biological characteristics[13] which influence their 

response to treatment and thus prognosis.  This can be a positive factor, for example melanomas with 

BRAF mutations are more prevalent in the AYA population and thus are more likely to respond to a BRAF 

inhibitor[14].  Less favourably, triple negative breast cancer is more prevalent in patients under 40 years 

and is associated with increased mortality partly due to fewer treatment options[15].  In comparison to 

children, AYA patients with Acute Lymphoblastic Leukaemia (ALL) have a higher proportion of 
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unfavourable genetic abnormalities such as Ph-1 and a lower proportion of those which are treatment 

responsive.  The TEL-AML1 translocation in ALL has a favourable response to treatment and is found in 

only 10% AYA cases as opposed to 50% of childhood cases[16].  AYA patients with rhabdomyosarcoma 

are more likely to have the more aggressive alveolar subtype[17].  As the molecular characterisation of 

cancers advances the hope is that patients will be able to be treated with more individualized protocols 

which may improve outcomes in AYA patients and develop AYA-specific clinical trials.  Studies in synovial 

sarcoma[18] and rhabdomyosarcoma [19] have demonstrated the potential to use identifiable genetic 

differences within cancer subtypes as decision aids in clinical management to identify those in need of 

high risk treatment. 

Model of care 

AYA patients were historically treated in either a paediatric setting or an adult oncology setting.  The 

aﾗヴﾏWヴ デ;ﾆWゲ ; a;ﾏｷﾉ┞ IWﾐデヴWS ;ヮヮヴﾗ;Iｴ ;ﾐS デｴヴW;デWﾐゲ デｴW AYAげゲ ;┌デﾗﾐﾗﾏ┞, impacting upon emotional 

wellbeing.  The adult setting focuses on the disease and not the complex psychosocial needs of the AYA, 

impacting upon concordance with treatment.  AYAs are at an age where they are developing very rapidly 

in areas such as independence from the family unit.  Each individual patient will vary in how far along 

their transition to independence they are at any one time and this will change during their cancer 

management, often quite dramatically.  Thus presenting their own evolving and fluctuating challenges in 

terms of information, communication and decision-making preferences.  A model of care is required 

that keeps the best of the two traditional approaches for AYA and omits the rest [20].  Achieving this 

however is not always easy[21].   

The care environment needs to be tailored specifically to the needs of AYA patients.  Inpatient wards 

with colourful décor and facilities such as relaxation areas, games consoles and music facilities provide 

patients with an environment they can be happy to attend, something approaching normality, a feeling 

that their needs have been identified by the hospital, and a forum in which they can build peer 

relationships with fellow patients.  They can also enable services to provide specifically trained 

therapists and youth workers in an informal manner, which has been found to be beneficial to AYAs[22]. 

The rarity of AYA cancers also means that in order to receive the best treatment they should be cared 

for in specialist centralised centres by health care professionals with expertise in AYA cancers who have 

regular exposure to managing their cancers[23][24].  The care needs to be provided by an extensive 

multidisciplinary team that not only encompasses the traditional medical specialists but other 

healthcare professionals such as clinical psychologists, teachers, social workers and fertility experts.  

Thus addressing all needs of the AYA patients and not just their cancer.  Care in specialist centres can 

also prevent feelings of isolation from other young people[25].  Table 1 describes the different models 

of care used across Europe as outlined by Stark et al[5]. 

Within England centralisation began after the National Institute of Clinical Excellence published 

ｪ┌ｷSWﾉｷﾐWゲ ﾗﾐ けIﾏヮヴﾗ┗ｷﾐｪ O┌デIﾗﾏWゲ G┌ｷS;ﾐIW aﾗヴ I;ﾐIWヴ ｷﾐ IｴｷﾉSヴWﾐ ;ﾐS ┞ﾗ┌ﾐｪ ヮWﾗヮﾉWげ.   These were 

then supplemented in 2014 with seven statements prioritising areas for service improvement.  Under 

this guidance patients aged 18 years or below at time of diagnosis must start their treatment at a 

principal centre after that it is possible for them to attend a more local designated hospital if they wish.  

Patients aged 19-24 years have the option of attending a principal centre or designated centre but this 

decision needs to be an informed choice. 
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Of course, there are negative aspects to centralised care.  Notably the geographical distance that some 

patients and their families may need to travel in order to access these services, meaning disruption to 

friendships, education and careers that are so important at this age.   AYAs are prone to challenge the 

views of their elders and for this reason it is beneficial to incorporate their views into developing 

services which is being done in a number of settings internationally[26].  The BRIGHTLIGHT study is 

completing research involving previous and I┌ヴヴWﾐデ ヮ;デｷWﾐデゲ デﾗ ;SSヴWゲゲ デｴW ケ┌Wゲデｷﾗﾐ さSﾗ specialist 

services for the teenage and young adults with cancer add value?[27]ざ Other novel approaches to 

encouraging AYA patients to express their views include through music[28]. 

Equally as important as where AYAs receive their care is who is providing it.  The complex needs of AYA 

patients requires health care professionals to be educated and skilled not only in the unique biology and 

treatment requirements of their cancers, but also their psychosocial issues and communication 

challenges [29] .  They need to be able to effectively communicate with AYAs, their families and peers 

and embrace the challenges that they bring[22]. They need to expect and be prepared in advance for 

the positive and negative approaches to information and care routinely observed in young people, such 

as challenging authority and fluctuating tensions within families.  

An international multicentre study identified a list of competencies required by healthcare professionals 

working in AYA services.  Competences such as identifying the impact of disease on a ┞ﾗ┌ﾐｪ ヮWﾗヮﾉWげゲ 
life, ability to discuss sensitive subjects and ability to use humour appropriately ranked highly.  These 

findings can be used to influence educational curriculum, professional development and inform 

workforce planning[30].  This is important as the skills required are not adequately covered in the 

traditional adult or paediatric training programmes[31].  The consensus of AYA cancer and Medical 

Education experts at an international summit meeting hosted by ENCCA and The Teenage Cancer Trust 

in 2014 included: 

 That TYA specific education is needed and should be accredited by 

Universities, in collaboration with professional societies. 

 TｴWヴW ゲｴﾗ┌ﾉS HW ｪWﾐWヴｷI さ┘ﾗヴﾆｷﾐｪ ┘ｷデｴ AYAざ デヴ;ｷﾐｷﾐｪ programs for 

all health care professionals who work with young people with 

serious illness. 

 Detailed AYA training should become, in time, compulsory for all 

doctors leading in AYA cancer care, who should then hold a 

validated qualification in AYA oncology.    

In the UK a collaboration between the Royal Colleges of Paediatrics and Child Health, Nursing, General 

Practice, and Obstetricians and Gynaecologists has produced an online e-learning module aimed at 

equipping health professionals with the communication skills required to work with AYAs.  Training 

curricula for AYA are being established in the UK, US, Canada, Australasia and the EU.  In Europe the 

European Network for Teenagers and Young Adults with Cancer (ENTYAC) aims to develop specific 

practice guidance for AYAs[5] and the European professional societies for medical oncology (ESMO) and 

Paediatric Oncology (SIOPE) are actively collaborating on professional education in AYA cancer care[32].  

What is interesting is that although the curricula require a similar knowledge base they differ in the 

additional skills and attributes needed, which may reflect the different care models used in these 

countries[29][33][34].  In an age where we rely heavily on the internet, directing patients and family 

members to reliable internet resources may be a useful and underused communication adjunct[35]. 
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Treatment ʹ age appropriate protocols 

AYA patients present treatment related challenges not only due to the distinct biology of their cancers 

as discussed earlier but also the physiological state of their bodies during this stage of life.  During the 

normal process of puberty a number of physiological and physical changes occur in the body which can 

influence the absorption, distribution, metabolism and elimination (ADME) of drugs throughout the 

body.  These include hormonal changes, changes in body fat composition and organogenesis of the liver 

and kidneys[36].  The age of onset of these changes varies in each individual patient and is different in 

males and females[36].   

Uncertainty exists regarding what dose intensity of treatment AYA patients should receive.  In the mid-

2000s a number of international groups compared outcomes of AYA patients with ALL treated with adult 

versus paediatric protocols[37][38][39][40][41][42].  Findings demonstrated superior complete response 

rates, event-free and overall survival for patients treated on paediatric protocols. Recent data in Canada 

introduced some doubt when implementing a change of protocols for AYA[43].  

Work in osteosarcoma has found that within the same chemotherapy protocols AYA patients are 

receiving lower doses of chemotherapy, fewer toxicities and worse outcomes. This study suggests that 

age and sex dependent pharmacological differences play a part[44].  There was previously a 

misconception that AYA patients were unable to tolerate the toxicity of paediatric chemotherapy 

protocols.  Recent studies however have shown this is not the case; using the EURO-EWING 99 protocol, 

adults experienced less toxicity than children[45].  Older patients treated for rhabdomyosarcoma 

experienced less toxicity than younger patients[46].  The degree of myelosuppression seen in patients 

after chemotherapy has been shown to correlate with outcomes[47][48].  It may therefore be the case 

that poorer outcomes in AYA patients is related to lower systemic exposure to chemotherapy as 

reflected in the lower observed toxicity[46].  

In comparison to older adult patients AYA patients are often able to tolerate more intense 

chemotherapy regimes, due to them having fewer comorbidities.  Dose dense and dose intense regimes 

have improved outcomes[49] and every attempt should be made to maintain dose intensity.  Barriers to 

this include the need to avoid irreversible end organ damage which will negatively impact long term 

quality of life.  Compliance with therapy (see later) is also an issue for many.  Monitoring for cumulative 

side effects is an essential component of care during active treatment.  The place of care may also 

influence this as non-specialist centres may be inexperienced and unwilling to give the high dose intense 

treatments required.    

As with cancer patients of all ages supportive management of treatment associated  toxicities should be 

an integral part of cancer care to enable patients to complete treatment [50].  The ADME of supportive 

ancillary medications such as antiemetic and analgesic also needs consideration.  Physiological 

differences may also make AYAs more susceptible to some side effects.  For example poorer emesis 

controlled coupled with more aggressive regimes may result in increased susceptibility to anticipatory 

nausea and vomiting[51].  The use of steroids may be limited by acne, which some patients may find an 

unacceptable side effect. Experimental use of alcohol, illicit drugs and tobacco along with compliance 

issues to treatment can also influence drug distribution.  Oral contraceptive use should also be 

considered[36] 

Treatment adherence 
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Adherence to appointments and treatment, particularly oral medications, can be problematic in AYA 

patients and lead to worsening of side effects, poorer outcomes[52] and delayed diagnosis of metastasis 

or local recurrence resulting in the need for additional treatment[53].  It must be noted that non-

adherence, as with many aspects of AYA care, is likely to be multifactorial and not completely 

understood[54][55].  Faced with requiring often intensive cancer treatment AYA patients may feel 

pressured into making decisions that they may not be mature enough to yet[56].  In breast cancer 

patients younger age has been shown to be a predictor of poor adherence to adjuvant endocrine 

therapy[57]. 

In order to improve adherence an understanding of the reasons for non-adherence is imperative. Family 

relationships, treatment setting and treatment intensity are all likely to play apart.  Distress is a 

prevalent association of poor concordance [54].  A non-judgemental approach should be used by health 

care professionals in order to address issues and renegotiate ongoing care plans together.  Clinicians 

ゲｴﾗ┌ﾉS けヮｷIﾆ デｴWｷヴ H;デデﾉWゲげ ヴWゲWヴ┗ｷﾐｪ デｴWﾏ aﾗヴ the most important issues only.  By doing this the AYA 

patient may feel they are able to maintain a level of control over their care rather than being dictated 

to[58].  Recognition of the さゲW┝ ;ﾐS Sヴ┌ｪゲ ;ﾐS ヴﾗIﾆ けﾐげ ヴﾗﾉﾉざ ﾉｷaWゲデ┞ﾉW[59] of this age group is essential and 

providing a degree of flexibility in treatment plans enables AYA patients to maintain some normality in 

their lives, without hindering their outcomes[56]. Family cohesion should be encouraged [60]whilst 

enabling the patient to maintain some autonomy.  The use of a video game intervention has been 

shown to improve adherence in 13-29 year olds[61], indicating that age-appropriate means of 

engagement and education have important roles.          

Clinical Trial Recruitment 

Clinical trials are often seen as the gold standard of care, leading to enhanced treatment for both those 

in trials and those receiving care at the same institution[62].  Poor inclusion rates in cancer clinical trials 

have historically been associated with the lag in survival improvements in AYA [63]. Participation rates 

for AYAs ranges from 5-34% compared to over 90% in children[63][64][65].  The European paediatric 

Soft tissue sarcoma Study Group (EpSSG) compared the proportion of AYA patients (15-19 year olds) 

with the proportion of children (0-14 year olds) treated in EpSSG clinical trials based upon incidence and 

population rates.  They noted the observed to expected ratio to be 0.30 for AYAs compared to 0.64 for 

children, though this varied between subtypes[66].  In an attempt to rectify these poor accrual rates 

there has been a push to improve involvement of AYAs in clinical trials focusing on 5 key areas; 

appropriateness, availability, accessibility, awareness, and acceptability to patients[67].   

The appropriateness of trials refers to the age inclusion criterion, which is often arbitrary and reflective 

of the clinical practices of trial designers as opposed to having scientific basis[67].  This means that AYA 

patients are often excluded from paediatric trials for being too old or from adult ones for not being old 

enough[68].  Recent shifts have shown adjustments of age criteria to enable AYA participation, for 

example, the lower age for adult trials being lowered to 16 years in all cancer trials and the upper age 

limit of paediatric trials increasing to 21-25 years for brain tumours and sarcomas[67].  Age range should 

reflect the group of patients where the biology of the cancer makes the study question relevant.  As age 

ranges become wider there may be confusion over which trials AYA patients should be entered into 

meaning better collaboration between adult and paediatric oncologists is required[69].  

Availability of trials may be limited due to organisational and service boundaries such as having the 

relevant personnel at a treatment centre to open a trial and the age of patients that services are funded 
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to treat.  In addition, the availability of new agents is often limited in this patient population due to a 

lack of preclinical research and poor funding from drug companies.  The rarity of cancers in AYA patients 

often requires international collaboration to obtain sufficient trial numbers which adds to the financial 

burden.  Trials such as the EUROMOS-1 trial or Euro-Ewings trial series show it possible to overcome the 

barriers faced. 

Trial regulations which have the purpose of protecting minors, particularly in Phase 1 and 2 clinical trials 

can actually hinder access to potentially beneficial treatments.  The ACCELERATE platform is a multi-

stake-holder platform founded by the Cancer Drug Development Forum, SIOPE and Innovative Therapies 

for Children with Cancer (ITCC) European network which aims to accelerate innovation for children and 

adolescents with cancer[70].  Strategies for doing this include reducing trial entry to 12 years of age for 

phase 2 trials and allowing adolescents to participate in Phase 1 trials where there is scientific rationale 

and potential therapeutic benefit such as the presence of a drug target.  

Patient acceptability of the trial is paramount and thought needs to be given to this particularly if it 

involves additional hospital visits or investigations.  Involvement of AYA patients and their families in 

trial design may improve this barrier[71]. 

Cancer clinicians outside of tertiary centres and with limited experience in the rare cancers seen in AYA 

patients may be unaware of relevant clinical trials, cautious of treating patients with the dose intensity 

required or simply may not have access to them.  There therefore needs to be an increased awareness 

of the importance of referring AYA patients into specialist centres.   

Path to cancer diagnosis 

AYA patients often report a prolonged path to diagnosis which may impact on their potential for cure.  A 

Danish retrospective cohort study looked at the primary care use of AYAs during the two years 

preceding a cancer diagnosis and found an increase in primary care use 16 months prior to cancer 

diagnosis which increased  exponentially 8 months before diagnosis[72].   The timing of the increase was 

dependant on tumour type: 17 months for CNS tumours, 12 months for sarcomas, 9 months for 

lymphomas, 5 to 6 months for germ cell tumours, bone tumours and leukaemias and 3 months for 

malignant melanomas.  An increase in the number of blood tests performed was also seen from 11 

months[72].  A British study found that cancer patients aged 16-25 years were twice as likely as older 

patients to have three or more GP consultations before referral for diagnostic tests[73].  It is therefore 

not the case that AYAs are not reporting their signs and symptoms but either that what they are 

reporting is vague and non-specific, or that clinicians are not acting promptly upon specific symptoms 

because they consider the probability of serious disease to be low.  AYA cancers are rare and in a patient 

presenting four or more times the absolute risk of a patient having cancer is still only 1.8 per 10,000[74].  

Zhou and colleagues recently found that in the UK fast-track cancer referrals were less likely to be made 

for cancers that present with non-specific symptoms and for low cancer incidence demographic 

groups[75].  AYAs are also thought to be less likely to pursue medical attention once they have been 

reassured about their symptoms compared to adults or the parents of unwell children[76], this may 

mean AYA require a distinct safety-netting procedure to adults[77].  In the UK, guidelines on managing 

patients attending multiple times with the same problem have been produced and fast track diagnostic 

pathways put in place in an attempt to combat long pathways to diagnoses[78] which can impact on 

survival[79].  Cancer awareness programmes aimed at AYA patients are also important to encourage 

reporting of early symptoms[80].    
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Palliative care and end of life care 

Palliative care skills should be recruited to enhance supportive care and are equally as important for 

patients being treated with curative intent as those being treated with palliative intent.  Introducing 

palliative care services at the beginning of treatment will enable patients and their families to build 

relationships with the team, reducing the feeling of abandonment some patients feel when they finish 

active treatment because life is expected to be short even if treatment continues.    

Palliative care should be provided by healthcare professionals who have expertise in the complex needs 

ﾗa AYA ヮ;デｷWﾐデゲ ;ﾐS HWIﾗﾏW ヮ;ヴデ ﾗa ; ヮ;デｷWﾐデげゲ IﾗﾏヮヴWｴWﾐゲｷ┗W I;ヴWく  Iデ ｷゲ Iヴ┌Iｷ;ﾉ デｴ;デ I;ヴW デW;ﾏゲ Sﾗﾐげデ 
assume that patients are unwilling to discuss end of life issues because of their age [81].  Lyon et al. 

found that having end of life discussions with patients and their families lead to greater congruity 

between what the adolescent wanted and what the families thought they would want[82].   A 

retrospective study found that half of end of life discussions were initiated in the last 30 days of life 

allowing minimal time for end of life preparation[83].  In this study more than half of the patients died in 

hospital despite findings that patients prefer to die at home.  Half of these patients died on ICU which 

may reflect that the tipping point from being fit with a good quality of life and able to tolerate active 

treatment to being very unwell in the last few days of life often rapidly occurs in young patients, making 

planning while health is still good very important.   Exploring individual preferences for the discussion of 

end of life care may be crucial to improving patient experiences.  An exploratory study of 50 patients 

found adolescents willing to discuss end of life decision making using a personal survey[84].  

Cancer survivorship and late effects 

An increase in survival rates from AYA cancers brings a greater population of survivors living with the 

long-term effects of their cancer.  AYA patients experience their own pattern of late effects influenced 

by their physiology, the cancers they develop and the treatment they receive[85].  These undoubtedly 

have an impact on the quality of life of survivors and financial costs for health services[86]. PanCare, a 

multidisciplinary pan-European network made up of healthcare professionals, survivors and family 

member, aims to reduce the frequency, severity and impact of late side-effects of children and 

adolescents with cancer. 

Second Primary Cancers 

AYA survivors have a significant risk of developing second primary malignancies compared to both the 

general population[87] and older patients with cancer[88].  As well as individual factors such as genetics, 

co-morbidities and lifestyle an individuals risk of a second malignancy is affected by a number of things 

including; age at diagnosis, site of original cancer and treatment received[88].  Testicular cancer 

survivors treated with alkylating agents and topoisomerase II inhibitors have been found to be at an 

increased risk of developing acute myeloid leukaemia[89][90].  These patients are also at a significantly 

increased risk of developing contralateral testicular cancer, malignant mesothelioma, and cancers of the 

lung and gastrointestinal tract[91].  Radiotherapy exposure has been shown to result in malignancies of 

the skin and carcinomas of the thyroid, bone, breast and brain[92].   

Cardiovascular 

Cardiovascular complications are the commonest non-malignant cause of death in cancer survivors[93].   

Anthracyclines increase an individuals risk of left ventricular dysfunction, cardiomyopathy and 
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dysrhythmias.  Cisplatin based chemotherapy regimes have been shown to cause long-term 

cardiovascular complications in testicular cancer survivors[94][95].  Radiotherapy can also result in 

cardiomyopathy, pericardial fibrosis and pericarditis, heart valve abnormalities, conduction disorders 

and coronary, carotid and subclavian artery disease[92]. 

Other 

Pulmonary toxicity can arise from alkylating agents and radiotherapy[96].  Patients treated with 

Bleomycin need to be educated of the possible risk of toxicity from oxygen therapy and the appropriate 

warnings placed on their medical records.  Ifosfamide, methotrexate, platinum agents and radiotherapy 

can all lead to impairment of renal function and the urinary tract[97].  Endocrine complications include 

abnormalities of thyroid function and pituitary dysfunction and alterations in glucose metabolism[98].  

Long term neurological complications from cisplatin based chemotherapy include hearing impairments 

and Raynaudげゲ phenomena[95]. 

Late psychosocial effects 

Socioeconomic late effects of AYA cancers can have a huge impact on a survivors quality of life and 

should not be overlooked.[99]  The adolescent and young adult period of life covers the time when 

individuals are finishing school, embarking on careers or higher education and developing emotional and 

sexual relationships.  It is the time when young people are starting to leave the family home and 

develop financial independence.  A cancer diagnosis during this time can therefore delay or prevent 

these processes of achieving autonomy. 

Cancer survivors are less likely to be married, be living independently, have attained post-secondary 

school education and be working full time than their siblings[100].  Financial difficulties are also 

reported[99].  Anxiety, stress and depression are prevalent in AYA cancer survivors[101]. 

Neurocognitive delay, both developmental and functional is a lasting complication in patients treated 

for AYA cancers [100] and can influence an individuals performance at work or in education.   AYA 

patients have reported that cancer has a negative impact on both their career and education plans[102].  

Some however reconstruct this disruption in a positive light and use it as an opportunity to refocus on 

their future and individual goals[102]. Experienced teams may be able to promote this approach.  

Perception of body image can change as a result of cancer lowering self-esteem in a population where 

appearance is often important.  Surgical scars, hair loss, loss of body parts can cause AYAs to feel less 

attractive and hinder their ability to form relationships with peers and start sexual 

relationships[103][99].  The risk of infertility and cancer recurrence can also make AYAs more cautious 

about entering meaningful relationships.  

Fertility  

Both cancer and its treatment can reduce a patients fertility[92][104].  As survival rates improve more 

and more patients are having to deal with this consequence in later life.  The risk to a patient depends 

on the treatment they receive.  Chemotherapy regimes containing Alkylating agents are harmful to the 

ovaries and testes.  Pelvic radiotherapy can cause oligospermia or azoospermia and ovarian and uterine 

dysfunction[92].  High dose cranial radiotherapy can reduce fertility by impairing hypothalamic pituitary 
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function.  Fertile Hope have developed a risk calculator based on clinical experience and published 

research to aid with the decision-making process[105]. 

AYA patients may never have considered having children and therefore discussions about fertility 

preservation could be unexpected ;ﾐS さWﾏH;ヴヴ;ゲゲｷﾐｪざ, inhibiting discussion by professionals who are 

not regularly practiced in conducting them.  Despite this it remains a crucial topic to address and one 

which may become a source of resentment later on if incompletely or self-consciously discussed.  

Studies have shown a willingness amongst patients and their parents to discuss fertility options as long 

as it does not delay treatment[106].  A study of male cancer patients found sperm cryopreservation to 

have a positive emotional impact during treatment[107], possibly as it implies a normal future. 

Clinicians should provide AYA patients with comprehensive and current information about fertility 

preservation at the time of diagnosis to enable them to make the required decisions.  This is not an easy 

task, particularly where female patients are concerned, and requires healthcare professionals keeping 

up to date with an ever-changing field.  There is therefore undoubtedly a need for clinical practice 

guidelines, education of healthcare professionals and inclusion of fertility experts in the care team of 

AYA patients.  

It should be noted that AYA patients should be educated on the importance of practising safe sex 

despite potentially reduced fertility in order to prevent sexually transmitted diseases and unplanned 

pregnancies[104][92]. 

Long term follow up and education 

It is important that AYA survivors are aware of the potential complications that they may face in later 

life as a result of their treatment and that they are supported in modifying simple lifestyle factors such 

as diet, exercise and smoking cessation in order to reduce their risk.  Modern day approaches to building 

relationships with peer survivors and promoting healthy behaviours include the use of social media[108] 

and blogs[109]. 

Ongoing clinical review in AYA cancer survivors is necessary to identify recurrence, late effects and 

provide reassurance[110].  It is therefore crucial that AYA clinicians implement the appropriate 

surveillance strategy and promote awareness of the risk of late effects amongst community healthcare 

providers.  To support this tｴW CｴｷﾉSヴWﾐげゲ OﾐIﾗﾉﾗｪ┞ Gヴﾗ┌ヮ ふCOGぶ ｴ;┗W ヮヴﾗS┌IWS expert consensus 

guidelines for the long term follow up of younger AYA survivors[92]. PanCare are also adding an 

evidence base and newly completed UK cohort studies of late effects specific to AYA have great 

promise[111].  Risk stratification of AYA cancer survivors according to their risk of developing late effects 

enables patients to be followed up appropriately for example those at lower risk in the community 

versus those at higher risk by their specialist centre.  New schemes are in place that enable patients to 

be followed up remotely by specialist teams without the need for hospital visits[112].  This not only 

promotes self-care, it reduces the burden on outpatient services and reduces the disruption on a 

patientげs life, helping them to return to some normality.   

Conclusion 

The identification of AYA patients as a group with a unique set of requirements has led to a burst of 

associated research.  Trama et al. have demonstrated that this is working to reduce the survival gap but 

that further progress is still required.  Undoubtedly many questions remain unanswered and needs 
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remain apparent. The James Lind Alliance in the UK have recently published a list of ten research 

priorities which they devised after consultation with patients, family members and health care 

professionals[113].  The aim is to encourage and inspire work which will lead to improvements in 

outcomes and experiences of AYA patients and their families.   

Collaborations and networks between patients, charities (e.g. Teenage Cancer Trust, Canteen and Teen 

Cancer America), professionals (e.g. SIOPE and ESMO) and organisations (e.g. Teenagers and Young 

Adults with Cancer and SIAMO) are bringing together expert knowledge and experience from across the 

globe facilitating progress in even the rarer cancers.  The hope is that AYA oncology will continue to be 

an advancing field over the coming years.  
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