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Summary:

Worldwide advances in treatment and supportive care for children and adolescents with cancer 

have resulted in a growing population of survivors growing into adulthood. Yet, this population 

is at very high risk of late occurring health problems, including significant morbidity and early 

mortality. Unique barriers to high-quality care for this group include knowledge gaps among 

both providers and survivors as well as fragmented healthcare delivery during the transition from 

pediatric to adult care settings.

Background

Over the past five decades, cancer during childhood and adolescence has slowly risen in 

incidence. In 2020, approximately 300,000 cancers were diagnosed among those age 19 
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and under, worldwide.1 At the same time, treatment and supportive care for children and 

adolescents with cancer has improved dramatically. In many settings, cancers which were 

once uniformly fatal are now treatable. For those diagnosed during childhood in the United 

States, the overall proportion surviving five years from diagnosis has increased from 77.8% 

to 82.7% to 85.4% for those diagnosed in the 1990s, 2000s, and 2010–2016, respectively.2 

Similar successes have been described in Australia, Canada, the United Kingdom, and 

Europe. Notably, for children in low-middle income countries, survival gains have been 

more modest.3,4

Following cancer diagnosis at a young age, survivors confront a long survivorship phase, 

often lasting over six decades. Over this follow-up phase, the risk of cancer recurrence 

decreases whilst the risk of treatment-related health problems increases. Organ systems 

which are developing during childhood and adolescence can be irreversibly impacted by 

cancer treatment. Thus, while cure rates among this population are high, many survivors 

of childhood and adolescent cancer face a long follow-up period with numerous long-term 

health risks. In 2005, the seminal Institute of Medicine report, “From Cancer Patient to 

Cancer Survivor: Lost in Transition,” was published, highlighting this population.5 Since 

then, a growing body of evidence has documented significantly higher levels of morbidity 

and early mortality in survivors diagnosed during childhood and adolescence, compared to 

survivors diagnosed during adulthood (Figure 1).6–10 Among 5,522 survivors of childhood 

cancer who underwent comprehensive follow-up exams, the cumulative incidence of a 

severe, disabling, life-threatening or fatal chronic condition was 96%. By age 50, survivors 

experienced, on average, 17·1 chronic health conditions, including 4·7 graded as severe, 

disabling, life-threatening or fatal. Additionally, the cumulative burden among survivors 

was nearly 2-fold greater than matched community-controls (p<0·001).11 Common late 

effects include cardiovascular disease, respiratory dysfunction, endocrine abnormalities, 

and subsequent malignant neoplasm (see survivor perspective, Box 1A). Many survivors 

experience multiple late effects which act synergisticly, such that the burden of morbidity is 

compounded.12

In addition to the cumulative burden of treatment-related health problems, it is important 

to consider the how childhood and adolescent cancer survivors differ from adult cancer 

survivors with regards to developmental stage and age at diagnosis, treatment, and into 

long-term follow-up. Survivors diagnosed during infancy and the pre-school years may 

experience interruptions to their early cognitive, emotional and social development. They 

may begin school already experiencing difficulties with ‘keeping up with peers’13 and may 

have few memories of life ‘before cancer’. They will grow up to be survivors with limited 

direct recollection of their cancer treatment and a reliance on parents, siblings, and health 

professionals to educate them on their future health needs.14 Survivors diagnosed during 

their primary school years experience a sudden interruption of school and social life, yet 

have limited experience with which to understand the complexities of their cancer treatment 

and long term health impacts. For survivors progressing through the developmental tasks of 

adolescence, cancer can severely interrupt the development of more advanced cognitive 

skills, identity, independence, romantic relationships and sexuality leading to lifelong 

challenges in reaching their full potential.15
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In this paper, a practical, clinically-oriented overview of childhood and adolescent cancer 

survivorship is provided. As in the other two papers in this series, the goals are (1) to prepare 

clinicians to deliver high-quality, holistic care to this unique population of cancer survivors 

and (2) to highlight healthcare delivery challenges for policy-makers and other stakeholders. 

Importantly, the majority of research on childhood cancer survivors has been conducted in 

higher-income countries; this work reflects the existing literature while calling attention to 

the need for more research in low-resource settings.

Search Strategy and Selection Criteria

We searched PubMed, Scopus, and Google Scholar for human studies published in English 

within 2000–2021 with the search terms “child”, adolescent”, “neoplasm”, “survivor*”, 

“cancer”, “onco*”, “tumour”, “long-term care”, “late effects” and “paediatric”. A search 

for (child OR adolescent) AND neoplasms AND survivor* identified 9,917 manuscripts; 

addition of the term “late effects” restricted the search to 1,701 manuscripts. Of 

these studies, 609 were reported in the years 2016–2022. Studies were selected for 

relevance to long-term follow-up of childhood cancer survivors; the most recent evidence 

from randomized controlled trials and meta-analyses, as well as recommendations from 

international guideline committees, were prioritized. We excluded studies which did not 

focus on childhood cancer, addressed issues for children on treatment, or were case reports. 

During the revision process, we further excluded older studies in favor of updated analyses, 

where relevant. On the basis of these results, and input from the authors and expert advisers, 

we included 68 references on on childhood cancer survivorship in this work.

Common Issues and Concerns: Physical

As noted, advances in treatment for childhood cancer have been accompanied by a growing 

awareness of late-occuring side effects, or late effects. The most widely recognised of these 

include cardiomyopathy, endocrinopathies, impaired fertility, neurocognitive deficits, and 

subsequent malignant neoplasms. Nonetheless, late effects can impact every organ system 

and function.

Children treated at younger ages or when organ systems are still developing are at greater 

risk of physical late effects. In addition, higher doses typically increase risk, while longer 

time since treatment is associated with increased prevalence (Figure 1). Radiation therapy 

(RT)-related late effects typically occur in the region that was exposed to radiation. For 

example, hypothyroidism is a late effect of RT to the neck. That said, there is wide 

variability in susceptibility to late effects. With advances in genomics, genetic markers for 

susceptibility to late effects including ototoxicity, cardiotoxicity, and subsequent neoplasms 

may become clinically available.16

Two cancer treatment-related late effects, breast cancer and cardiomyopathy, warrant 

particular attention in long-term follow-up care. A recent publication estimated that female 

childhood or adolescent cancer survivors who received chest RT have a 30% risk of 

developing breast cancer by age 50 years, similar to BRCA1 mutation carriers.17 In 

2020 the International Guideline Harmonization Group (IGHG) guidelines recommended 
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that female survivors who received a chest RT dose of 10Gy or higher begin annual 

surveillance with breast MRI and mammography starting at age 25 or 8 years after RT, 

which ever occurs last.18 Among childhood cancer survivors with history of treatment 

with anthracyclines and/or chest RT, the risk of cardiomyopathy is increased in a dose-

dependent manner,19 beginning at the time of treatment. By 30 years after treatment, as 

many as one in eight childhood cancer survivors treated with anthracyclines and chest RT 

will experience a life-threatening cardiovascular event.20 IGHG recommends screening for 

traditional cardiovascular risk factors and echocardiograms every 2 to 5 years for most 

survivors exposed to anthracyclines (including mitoxandtrone) or chest RT.19

Of note, the field of pediatric oncology has focused on improving survival while also 

reducing the risk for long-term toxicity. The conditional life expectancy for five-year 

survivors of childhood cancer is 48.5 years for 5-year survivors diagnosed in 1970–1979, 

53.7 years for those diagnosed in 1980–1989, and 57.1 years for those diagnosed in 1990–

1999.21 This has been accomplished by reducing the dose and field size of radiation 

therapy (RT) while employing newer RT techniques to protect surrounding tissue. Similarly, 

protocols have been developed to identify favorable or unfavorable diagnoses and use lower 

cumulative doses for specific agents when clinically appropriate. Thus, cancer subtype and 

treatment era impact the risk of late effects, with many groups of children and adolescents 

treated in more recent decades demonstrating less long-term morbidity.

Common Issues and Concerns: Psychological, Cogitive, Social, Fertility 

and Sexual

Healthcare providers should be aware that childhood and adolescent survivors are at 

increased risk of developing mental health difficulties. Despite the challenges they have 

faced, many survivors adjust well after cancer, with up to 75% reporting minimal or 

even positive impacts on their emotional wellbeing.22 However, a cancer diagnosis during 

the child and adolescent years coincides with stages of rapid development of essential 

psychological, cognitive, and social skills. Even with the development of posttraumatic 

growth and resilience,22 survivors often face formidable mortality and morbidity statistics 

and a lifetime of ongoing healthcare needs which can impact their mental health.23,24 

(Box 1B) A subset of survivors experience symptoms of global distress (up to 25%),13,25 

depression (up to 40%),26–28 anxiety (up to 30%),27–29 and post-traumatic stress (up to 

70%).29,30 Although the absolute risk remains low, there is also an increased risk for suicide 

ideation in survivors relative to siblings and controls.22 Survivors who experience multiple 

late effects,25 have a low income,25 and are not married,31 appear most at risk of developing 

mental health difficulties. Female survivors appear at particular risk of developing distress/

anxiety.22,25

Regular, lifelong screening for mental health difficulties is becoming a key component of 

effective survivorship care, even at general check ups. Evidence suggests that screening 

can effectively identify distressed survivors and facilitate referral to appropriate mental 

healthcare.32 There is little consensus regarding the most appropriate screening tool for this 

population, so health professionals should select from the wide range of freely available, 
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validated, age-appropriate self-reported measures of mental health and wellbeing (e.g. the 

Distress Thermometer, which elicits a rating of distress on a simple 1–10 scale – see Emery 

et. al in this series, Figure 1).33 Survivors with severe symptoms (e.g. suicide ideation) or 

symptoms that affect daily functioning (e.g. school attendance) need to be identified early 

and offered immediate treatment with a psychiatrist, psychologist or local mental health 

team, ideally with experience in oncology.24 For milder difficulties, there is a burgeoning 

literature reporting moderate improvements in psychosocial outcomes for survivors who 

participate in group or individual face-to-face34 or online13,35 interventions for young 

survivors, which can reduce symptoms of depression, anxiety and posttraumatic stress.13,34 

Two recent papers of technology-enabled Cognitive Behavioral Therapy for adolescent and 

young adult cancer survivors suggest online support is safe, feasible and may be effective for 

treating depression.35,36

Academic difficulties are also prevalent in survivors, often exacerbated by school absences 

during treatment and beyond.22 Brain cancer survivors and those who undergo neurotoxic 

treatment are at particular risk for neurocognitive late effects, displaying impaired 

attention, reduced processing speed, and more problems with organizational skills and 

emotion regulation, compared with peers.13,22 Both academic and social difficulties can 

also result in delayed attainment of milestones such as finishing school, establishing 

romantic relationships, getting married, and achieving career promotion.22 Regular 

neuropsychological screening for survivors may therefore be warranted, potentially using 

a tiered model of brief universal monitoring for all survivors, through to providing referrals 

for comprehensive evaluation for higher-risk survivors.37 Neurocognitive interventions 

have achieved moderate success improving proximal outcomes (e.g. working memory), 

however fewer interventions have successfully improved longer term academic/vocational 

outcomes for survivors.13,22,38 Social interventions may assist by improving social skills, 

self-control, social conversations and cooperative play, as well as lowering social rejection 

and victimization.22

Fertility, body image, sexuality and sexual function can also be significantly disrupted by 

an early cancer diagnosis.39 Interruptions to pubertal development, menstrual dysfunction 

and endocrine complications all contribute.40 Reproductive concerns are frequently named 

as one of the top unmet needs for young cancer survivors.41 Survivors of both child 

and adolescent cancer report significant fertility-related distress, with many survivors 

in earlier decades having not received fertility counselling and/or fertility preservation 

before commencing cancer treatment.40 With regards to sexual function, it is important 

to consider the survivors’ age at cancer diagnosis. Those diagnosed during childhood are 

unlikely to have been sexually active before cancer, while older adolescents may experience 

significant interruption to their sexual development. In the longer term, most survivors 

appear to do well, although many report experiencing sexual or related symptoms, such 

as lack of sexual interest, difficulty becoming aroused, difficulty having an orgasm and 

body image concerns, with female survivors appearing to be at highest risk.42 Timely 

referral to a reproductive specialist can enable effective fertility-related health prevention, 

access to assisted reproduction treatment, and management of any hormonal deficiencies, 

contraception and menstruation issues and symptoms of sexual dysfunction.40
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Despite their increased risk of multiple medical late effects, young survivors typically 

engage in risky health behaviors like tobacco smoking or illicit drug use at a similar, or 

only marginally lower, rate relative to their peers.22 Screening survivors for substance use in 

the primary care setting may help to identify survivors who are exacerbating their already 

significant health risks and facilitate referral to appropriate services (e.g. to support survivors 

to quit smoking).24 A range of interventions have focused on general healthy lifestyle 

behaviors such as diet and physical activity, with promising results.22,38 Technology-based 

solutions, such as remotely delivered physical activity interventions, show promise in this 

setting, but more research specific to childhood cancer survivors is needed.43 Survivors who 

know how to advocate for themselves in the healthcare system and who maintain a healthy 

lifestyle may be better prepared to maximize wellness as they age.

Survivors’ parents and siblings should not be forgotten.13,44,45 A child’s survivorship can 

be a time of vulnerability for parents, as parents process their family cancer experience 

and manage downstream effects of having reduced employment, ongoing financial impacts, 

and new cancer-related worries, such as fear of recurrence.23,30 Parents may experience 

ongoing psychosocial difficulties, which are often correlated with their child’s difficulties, 

and sometimes occur at higher rates than in survivors themselves.13,23 Interventions for 

parents of young survivors are increasing,13,23,38 with promising pilot data44,45 and some 

larger-scale randomized trials.34,46 Survivorship care providers should consider including 

screening for psychological concerns and delivering evidence-based psychosocial care for all 

family members when possible.24

Healthcare Delivery Challenges

In addition to the issues described by Jefford, et. al in this series, some aspects of care 

delivery for childhood and adolescent cancer survivors are unique. For example, this group 

of survivors must transition from paediatric to adult-based care. In addition, geographic 

mobility, engagement into or out of the school or work setting, and cancer identity (or lack 

thereof) are salient and changing.47 Knowledge gaps in both childhood cancer survivors 

and their healthcare providers have been well-documented.48 Heathcare delivery challenges, 

as well as knowledge gaps, appear to be worsened in resource-poor settings and low or 

middle income countries (LMICs).49 As noted in Jefford, et. al in this series, technology has 

the potential to enable delivery of high-quality survivorship care but differential access to 

technology may exacerbate disparities in follow-up.

As a result, many childhood and adolescent cancer survivors do not attend ongoing 

survivorship care (see Box 1C).50,51 Adherence to recommended testing is suboptimal and 

declines with age; fewer than half of survivors at highest risk for second cancers and 

cardiomyopathy receive the recommended surveillance.52 As noted in the other papers in 

this series, the Institute of Medicine recommendations include provision of a survivorship 

care plan with individualized follow-up advice for every survivor.[REF: Paper 1 and 2] Yet, 

evidence regarding the impact of survivorship care plans remains limited.53

As they age, childhood and adolescent cancer survivors transition from pediatric to adult 

services. The principles and frameworks of successful transition have been described in both 

Tonorezos et al. Page 6

Lancet. Author manuscript; available in PMC 2023 April 16.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



adolescents with chronic medical conditions and in childhood cancer survivors.54,55 When 

done well, transition to adult health service providers can be empowering for survivors and 

may improve outcomes.56,57 However, given the inherent differences in the structure and 

culture of pediatric and adult-orientated healthcare, the transition can put survivors at risk 

for healthcare disengagement and being lost to follow-up.58 This is of particular importance 

as new health issues may emerge in the transition period or only become apparent after 

individuals are embedded in the adult sector.11,25,59

A number of key aspects may facilitate optimal transition: transparent plans and processes; 

utilising patient navigators; adopting a gradual and flexible approach; clear effective 

communication; promotion of education opportunities for self-management; access to online 

resources such as tailored roadmaps and treatment summaries; and joint pediatric/adult 

clinics. Perhaps most salient of these is effective communication, a factor endorsed by both 

survivors and providers.60 Ensuring that the adult provider has access to the long-term 

risks of the survivor, care and screening recommendations, and best method for future 

communication with the paediatric oncology team, if needed, is essential (see below). If 

available locally, a supportive self-management eHealth intervention such as Oncokompass 

may be especially helpful.61 The North American “Passport for Care” and the European 

Survivorship Passport (‘Surpass”) are web-based survivorship care plans. After completion 

of the treatment summary, ideally with data downloaded from the electronic medical 

record, built in algorithms, using COG survivorship guidelines or those of the International 

Guideline Harmonizations Group, suggest which recommendations should be given to the 

survivor, as well as selected educational materials. Online access to the electronic documents 

can be granted by the Survivor to medical providers and therefore instantly accessed at a 

follow-up appointment, regardless of where the providers practice. These and other online 

initiatives still need to be fully evaluated.

With the growing population of transition-ready childhood and adolescent cancer survivors, 

and noted in Jefford, et al., transitioning or transferring all childhood and adolescent 

cancer survivors to a specliast survivorship service is not feasible. Limited evidence from 

Ontario, Canada suggests specialist survivorship services prevent emergency room use for 

childhood cancer survivors.62 In many settings, including LMICs, these specialists are 

not available.49 Yet, keeping childhood and adolescent survivors in the pediatric oncology 

setting does not facilitate management of non-cancer comorbidities, such as hypertension, 

diabetes, or dyslipidemia. Therefore, exposure-based risk-stratified approaches have been 

proposed that match the risks of long term health outcomes with the healthcare setting 

best suited to provide care (institution-based, community-based, or hybrid models).58,63 

For example, individuals who have received therapies associated with a high risk of 

late effects (e.g haematopoietic stem cell transplantation) may be best transitioned into a 

specialist survivorship service, whilst patients with low risk of morbidity may be most 

suited to be followed by primary care providers.64,65 Under those conditions, a supportive 

self-management eHealth intervention such as Oncokompass may be especially helpful.61
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Recommended Approach for Health Care Providers

Prior work suggests that primary care providers, including family and internal medicine 

physicians, are willing to care for childhood cancer survivors but lack knowledge of late 

effects and survivorship care resources.66 The principles on how to approach a survivor 

in clinical consultation are described in detail in the Emery et. al paper in this series. 

Requesting or eliciting details of the cancer diagnosis and treatment history and addressing 

comorbities like hypertension apply equally to the childhood or adult cancer survivor. At 

the same time, being attentive to the unique characteristics of this population (see Box 

1D) and utilizing published guidelines for recommendations regarding follow-up testing is 

paramount.

To that end, providers caring for childhood cancer survivors should be aware of some 

widely-available resources. The IGHG has published outcome-specific guidelines available 

at www.ighg.org.67 The relatively small number of childhood cancer survivors, their clinical 

heterogeneity, and the long latent period before many late effects become clinically apparent 

limit clinical trials of surveillance approaches.68 Some late effects are not covered in the 

existing IGHG guidelines but may be encountered in adult-oriented clinical practice. A 

recent paper from the European PanCareFollowUp group describes European harmonised 

recommendations for topics (including hypertension, obesity, and dyslipidemia) where no 

evidence-based IGHG recommendations exist.69 Notably, this paper has taken a similar 

approach, with Table 1 including both IGHG and COG recommendations for providers (Part 

A) and recommendations where no evidence-based guidelines exist but clinical attention is 

advised (Part B).

Providers may further encounter late effects such as dental abdnomalitites, xeropthalmia, 

cataracts, Reynaud’s phenomenon, neurocognitive difficulties, or peripheral neuropathy, 

which are attributable to a childhood cancer treatment but are not addressed by the existing 

IGHG or European PanCareFollowUp efforts. Under these conditions, the North American 

COG guidelines, which cover a large range of late effects and include both evidence-based 

and expert opinion, may be helpful (www.survivorshipguidelines.org) and are referenced 

in Table 1 where IGHG recommendations have not been generated.9,12,70 Other applicable 

resources and support services are listed in Supplemental Table 1. Finally, providers should 

be attentive to some routine clinical events that may require special consideration for 

childhood and adolescent cancer survivors (Table 2). These include requirements for blood 

transfusion, oxygen supplementation, and considerations for pregnancy.

Future Directions

The successes of treatment and supportive care for children and adolescents with cancer 

have resulted in a worldwide population of survivors at risk for myriad late effects. For 

this group, a growing body of evidence has detailed the lifetime risks of physical and 

psychological conditions as well as social isolation and premature mortality. Some risk 

estimates, such as the association of second malignancy with anthracycline chemotherapy, 

require refinement. Population science to help us better understand individual susceptibility 

to late effects, whether related to germline genetic factors, epigenetics, or non-cancer related 
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exposures, is needed. In addition, we must support intervention studies to test healthy 

behaviors, early treatment, or preventive medicine among childhood cancer survivors with 

a history of high risk therapy (such as RT). With regards to health services research, we 

need research to formally apply models or implement methods for delivering equitable, well-

coordinated, survivor-centered care. Policy work to ensure universal access and adequate 

payment models for survivorship care is also needed. Finally, research collaborations that 

include survivors, communities, and other stakeholders are essential.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Box 1:

The childhood or adolescent cancer survivor perspective.

Late effects.

We are more likely to experience cancer a second time and face life-long treatment 

impacts on our heart, lungs, fertility and sleep. “Brain fog” creates challenges with 

memory and concentration making it difficult to study or work. We face delays in 

achieving the goals at which our peers have already succeeded, bringing about changes 

in relationships and impacting our sense of self-worth. Relationship changes extend to 

family and partners while establishing new relationships can be difficult as we consider 

how to share our cancer experience.

“Brain fog is still quite a challenge for me. I can be quite forgetful especially 

misplacing things and when I get anxious or stressed my concentration is worse. 

This effects university, work or even doing small things like driving”

“Fatigue is still a big issue for me. Once we recover, we try to “catch up” to the 

level that our friends have always been, forgetting that recovery can take a long 

while as there are many factors such as sleep, nutrition and the complexity of 

our treatment that has such a massive impact”

The need for support from the healthcare provider.

While we seek to regain independence, establish new goals and find a new identity after 

cancer, a number of physical, cognitive, social and emotional issues emerge with limited 

support to navigate these obstacles.

“The most important thing is to check in regularly that a patient has the right 

kind of support, whether it be psychosocial support, fertility services, nutrition 

or any other services that a patient might need in their survivorship phase. At 

the start of finishing treatment, I felt a bit alone, not only because of a lack of 

support but also because of the emotional impact from all the side effects of 

treatment as a young person”

“Open communication between a doctor and patient is necessary, especially in 

regards to young adults with cancer as we tend develop a sense of comfort and 

trust”

“It’s important to recognise that everyone is unique and supports should be 

tailored to meet individual needs”

“Repeating my story caused me a lot of anxiety… meeting someone new and 

having to rebuild trust was a real anxiety trigger”

“As it was during COVID, I had to go to my fertility appointment alone which 

was difficult… there was no rapport with the person doing my scan which was 

disappointing as having egg freezing post cancer treatment can be difficult for 

any young person to go through. It definitely made me question going back”

Care coordination.
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While we know we need to manage our long-term health and wellbeing, the pathways to 

succeed at this are often unclear with insufficient communication between the hospital, 

our general practitioner and community supports. We worry about the cancer returning 

and the guilt we feel as survivors when many of our peers have died.

“It was a struggle transitioning from my care team to another care team or GP 

in the community. The original team understood the little nuances and quirks 

unique to me and my cancer journey. The new team would always have to spend 

time to learn it, putting them on the back foot for providing me with the best 

care”

“I found at the beginning that I felt a bit alone going through this part of my 

journey, often leaving me with mental health challenges that I had to work 

through not only because of lack of support but also in having to emotionally 

deal with the after effects of one of the biggest events or hardships in my young 

life”

“Although transitioning from a paediatric hospital to an adult hospital after 

treatment was overwhelming and stressful, I was lucky enough to have a 

supportive and affirmative team of doctors and nurses. Many of them provided 

comfort by thoroughly explaining the expectations of the process along with 

various healthcare workers and teams I could easily contact if I had any 

questions, concerns or doubts regarding my treatment, appointments, etc.”

Recommendations for providers from a childhood cancer survivor.

So what can be done to help assist us to ensure our health and welfare is addressed? 

Firstly, access to easily understood health information about the long-term risks 

associated with our cancer treatment and risks of second cancers is critical. Secondly, 

we require support to manage the lasting impacts on our mental health and relationships. 

And thirdly we require tailored communication and resources to assist us in navigating 

health systems and pathways. This will equip us to feel more prepared and less 

overwhelmed with the shift into survivorship.

“I think it’s important that clinicians understand the various changes and 

common issues young people are faced with once treatment is finished, therefore 

providing a variety of resources which they can direct us to and we can easily 

access would be so helpful”
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Take Home Points:

(1) Survivors of childhood and adolescent cancer are at risk for a range of late-

occuring side effects from treatment; (2) these include cardiac, endocrine, pulmonary, 

fertility, renal, psychological, cognitive, and socio-developmental impairments; (3) care 

coordination and transition to adult care are significant challenges; (4) resources for adult 

clinical care teams primary care providers include late effects surveillance guidelines and 

web-based support services.
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Figure 1. Standardized mortality ratios (SMR) for all-cause; nonrecurrent, health-related cause; 
subsequent malignant neoplasm; and cardiac mortality among early-AYAs (15–20 years old at 
diagnosis) and matched childhood cancer survivors (<15 years old at diagnosis) stratified by 
attained age and time since diagnosis.
Reprinted with permission from Suh, Eugene et al. “Late mortality and chronic health 

conditions in long-term survivors of early-adolescent and young adult cancers: a 

retrospective cohort analysis from the Childhood Cancer Survivor Study.” The Lancet. 
Oncology vol. 21,3 (2020): 421–435. doi:10.1016/S1470-2045(19)30800-9.

Open circles represent childhood cancer survivors; Filled circles represent early-AYA cancer 

survivors.

NA indicates not possible based on age at diagnosis and follow-up. No cardiac deaths at 5–9 

years post diagnosis among childhood cancer survivors age 20–39.
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